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Lactoferrin (LF) is a major natural antimicrobial agent secreted in body fluids as a natural innate immunity protein. The action
and structure of LF are closely related to its iron-binding capacity with structural reporting in open and closed conformations.
This study looked at how lactoferrin structures change in camel (cLF), bovine (bLF), and human (hLF) lactoferrin closed forms
after iron is removed from their binding sites. Initially, the sequence comparison between cLF and the LFs of marine
mammals, bats, and domestic animals was the most intriguing conclusion. Camel LF is revealed to be more closely related to
marine animals (~80.36% identity) and bats (~79.3% identity) than to terrestrial mammal species (~75.5% identity). Results
indicated that cLF was more dynamic in nature than bLF and hLF by showing higher RMSD values. The cLF is known to be
half lactoferrin half transferrin; in this study, we show that there are different MD behavior of both iron-binding sites. While
LF contains two lobes (C- and N-lobes), the C-lobe showed high fluctuations as N-lobe was more stable in the absence of
ferric ions. The C-lobe and N-lobe of cLF react differently at physiological pH, revealing distinct molecular interactions
between these components. In addition, cLF showed higher system flexibility derived from its larger RMSD, RMSF, lower
intermolecular hydrogen bonds, and higher solvent accessible surface area (SASA).

1. Introduction

Lactoferrin (LF) is a transferrin family glycoprotein with a
molecular mass of 80 kDa. The activity of essential oils and
plant extracts from six medicinal plants (Lippia citriodora,
Ferula gummosa, Bunium persicum, Mentha piperita, Plan-
tago major, and Salvadora persica) against Pseudomonas
tolaasii and Trichoderma harzianum as white button mush-
room pathogens as well as a chimera peptide of camel lacto-
ferrin (cLF) was established. The results revealed that when
compared to other therapies, the chimeric camel lactoferrin
peptide showed that the highest quantity of inhibitory zone
had a substantial difference in antibacterial efficacy [1]. Milk
is the primary source of LF; however, saliva, tears, bile, and
pancreatic juice also contain the protein. Milk LF has been
shown to have a potent inhibitory effect against pathogens

such as bacteria, fungi, and viruses. LF showed broad-
spectrum antiviral activity. For instance, LF showed antiviral
activity against coronaviruses [2], human enteric norovirus
[3], bovine viral diarrhea virus [4], herpes simplex virus
[5], human immunodeficiency virus and human cytomega-
lovirus [6], alphavirus [7], hantavirus [8], adenovirus [9],
human papillomavirus [10], rotavirus [11], chikungunya
and Zika viruses [12], hepatitis C virus [13, 14], influenza
virus [15], Toscana virus [16], and enterovirus [17]. Strong
antibacterial capacity for cLF was observed against E. coli
than bovine and human lactoferrin [18]. LF exerts its antivi-
ral activity through different mechanisms comprising inhibi-
tion of virus-host interaction or direct interaction with virus
particles though the classical antibacterial activity was sug-
gested to deprivation of bacteria from the essential iron, by
trapping iron into the LF iron-binding sites.
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The cLF is a bilobal structure connected by a short pep-
tide, with each lobe folded into two functional domains; its
N-lobe is similar to that of human LF; however, the C-lobe
is more akin to that of apo-ovotransferrin [19]. Both native
and recombinant N- and C-lobes of camel LF showed simi-
lar high inhibitory activity against hepatitis C virus replica-
tion [20]. Each lobe is bound with one iron atom. Camel
LF has 689 amino acid residues and 17 disulfide bridges, as
well as four putative glycosylation sites, one in the N-lobe
and three in the C-lobe. The disulfide bond pattern in cLF
is identical to that discovered in human and mare LFs, but
the positions of predicted glycosylation sites in cLF are
completely different [19].

The purpose of this work was to evaluate the molecular
dynamics of human, camel, and bovine LF after iron ions
were removed from their binding sites. The structure stabil-
ity, LF backbone fluctuations, and structure compactness are
all compared. The findings of this investigation will provide
fresh insights into the differences in LF interactions in
humans, camels, and cattle.

2. Materials and Methods

2.1. Retrieval of Lactoferrin Protein Sequences. The sequences
used in this study were obtained from the GenBank and pro-
tein databases, both of which are found at https://www.ncbi

.nlm.nih.gov/. The obtained sequences comprise LF from
Homo sapiens, Camelus dromedarius, Camelus bactrianus,
Camelus ferus, Vicugna pacos, Balaenoptera acutorostrata
scammoni, Tursiops truncatus, Orcinus orca, Globicephala
melas, Monodon monoceros, Delphinapterus leucas, Balae-
noptera musculus, Myotis lucifugus, Myotis brandtii, Rhino-
lophus ferrumequinum, Capra hircus, Ovis aries, Bos
taurus, and Felis catus. The sequences were imported and
managed using CLC genomics software (Qiagen software,
Denmark).

2.2. Multiple Sequence Alignment and Phylogenetic Tree. The
sequence alignment tool in CLC genomics software was used
to align the LF sequences using very accurate mode and gap
extension cost of 1.00. The tree was generated using the CLC
genomic software using UPMA as a tree construction
method and Kimura protein distance measure. Bootstrap-
ping was set to 100 replicates.

2.3. MD Simulations. The MD simulation setup and settings
were carried out as previously reported, with minor changes
[21, 22]. The retrieved proteins were 1blf, 1i6q, and 2bjj for
bLF, cLF, and hLF, respectively. To run molecular dynamic
simulations, the GROMACS simulation package (GRO-
MACS 2020.4) was utilized. MD simulation of LF in water
was performed for 50ns using the CHARMM36 force field;
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Figure 1: Pairwise sequence comparison matrix. The upper diagonal panel is the number of gaps. The lower diagonal panel is the percent
identity. (a) Comparison of old and new world camels. (b) Comparison of dromedary camel LF with whales and other marine mammals LF.
(c) Comparison of dromedary camel LF with Bats LF. (d) Comparison of dromedary camel LF with other domestic animals LF.
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trajectory and energy files were written every 10 ps. TIP3P
water molecules were used to solvate the system in a trun-
cated octahedral box. The protein was centered in the simu-
lation box within 1nm of the box edge. To neutralize the
entire system, potassium/chloride ions were introduced.
The steepest descent method was used to minimize the sys-
tem for 5000 steps, and convergence was reached within the
maximum force of 1000 (kJ mol-1 nm-1) to remove any steric
clashes. All systems were equilibrated at NVT and NPT
ensembles for 100 ps (50,000 steps) and 1000 ps (1,000,000
steps), utilizing time steps of 0.2 and 0.1 fs, respectively, at
a temperature of 300K. The simulation runs were performed
at a constant temperature of 300K and a pressure of 1 atm or
bar (NPT) using the Parrinello-Rahman and weak coupling
velocity rescaling (modified Berendsen thermostat) algo-
rithms, respectively. Using the linear constraint solver algo-
rithm with a time step of 2 fs, all bond lengths involving the
hydrogen atom were kept rigid at ideal bond lengths. Non-
bonded interactions were calculated using the Verlet tech-
nique. In both x, y, and z directions, periodic boundary
conditions (PBC) were applied. Each time step calculated

interactions within a 1.2 nm short-range threshold. The elec-
trostatic interactions and forces in a homogeneous medium
outside the long-range limit were calculated using particle
mesh Ewald (PME). The complex’s production was run for
50 ns.

3. Results and Discussion

3.1. Comparative LF Sequence Data. Multiple sequence
alignment and pairwise sequence comparison matrix
revealed interesting relations of camel LF with other mam-
mal LF. Initially, LF was compared in old- and new-world
camels. Dromedary, Bactrian, and feral camels shared
98.16-99.85% identity (12-14 amino acid differences). The
most distant relation was between the dromedary camel
and alpaca showing 96.61% identity and 24 amino acid dif-
ferences (Figure 1(a)).

The most interesting result of the sequence comparison
was the relationship between camel LF and the LFs of marine
mammals, bats, and domestic animals (Figures 1(b)–1(d)).
The results found that camel LF is more closely related to
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Figure 3: RMSD and RMSF of the bovine, camel, and human LF: (a) RMSD; (b) RMSF.

Homo sapiens (human) NP_001186078
Bos taurus (cattle) BAB03470
Capra hircus (goat) ABD49106
Ovis aries (sheep) ACT76166
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Monodon monoceros (narwhal) XP_029098394
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Orcinus orca (killer whale) XP_004283903
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Figure 2: Phylogram showing the relations of camel LF.
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marine mammals and bats than to terrestrial species. The
functional implication of this observed relationship needs fur-
ther experimental proof.

3.2. Phylogenetics. After BLAST search of protein database
with camel LF, close relation with marine mammals was
concluded. The marine mammals comprised of Balaenoptera
acutorostrata scammoni (minke whale, XP_007168918),
Monodon monoceros (narwhal, XP_029098394), Balaenoptera
musculus (blue whale, XP_036725385), Orcinus orca (killer
whale, XP_004283903), Globicephala melas (long-finned pilot
whale, XP_030701198), Delphinapterus leucas (beluga whale,
XP_022429072), and Tursiops truncatus (dolphin, XP_
019802369). Figure 1(b) shows the pairwise comparison panel
with the indicated identity rates. The % identity between the
camel and these marine mammals was 79.8-80.36% with
132-144 amino acid differences.

Following marine mammals, bats come in the second
rank with %identity equals 76.1-79.3%. Furthermore, lower
%identity was observed with domestic animals, showing
75.1-75.5% identity with sheep, goat, cat, and bovine LF
(Figure 1(d)).
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Figure 4: The structural characteristics of bovine, camel, and human LFs: (a) intermolecular hydrogen bonds; (b) SASA; (c) Rg.

Table 1: The intermolecular hydrogen bonds during 50 ns MD
simulation for bovine, camel, and human LF.

Bovine Camel Humans

Number of values 5001 5001 5001

Minimum 480 447 498

25% percentile 525 480 530

Median 533 488 539

75% percentile 542 496 548

Maximum 605 543 626

Mean ± SD 532:8 ± 12:69 488 ± 11:49 538:8 ± 12:71

Table 2: The solvent accessible surface area during 50 ns MD
simulation for bovine, camel, and human LF.

Bovine Camel Humans

Number of values 5001 5001 5001

Median 310.9 332 312.1

Mean ± SD 311:5 ± 5 332:1 ± 4:6 312:3 ± 4:6
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The phylogenetic presentation of LF revealed that camel
LF is closely related to bat and marine mammal LF but more
distantly related to domestic mammals (Figure 2).

3.3. Root Mean Square Deviations (RMSD). GROMACS was
used to determine RMSD for LFs based on “backbone”
atoms. The RMSD graph for LF (Figure 3(a)) demonstrates
that the structure remained stable during the simulation
time with some fluctuation within the range of 2 Å, which
is typical of globular proteins. The average RMSD was 0:32
± 0:06, 0:53 ± 0:06, and 0:34 ± 0:04 for bovine, camel, and
human LF, respectively. This implies that bovine and human
LF is more stable than camel LF.

3.4. Root Mean Square Fluctuations (RMSF). GROMACS
was used to calculate RMSF for the protein complex based
on “C-alpha” atoms. Overall, the intensity of the fluctuation
remains below 0.6 nm (Figure 3(b)). The maximal RMSF
values were 0.55, 0.72, and 0.87 for bovine, camel, and
human LF, respectively. The maximal RMSF residues in
cLF were 422-425 and 513-515, while in hLF, they were
287-291 and 424-428.

3.5. Hydrogen Bonds (Intermolecular). The progress curve of
the total number of hydrogen bonds formed during 50ns of
the simulation time is shown in (Figure 4(a)). The summary

statistics revealed that the cLF formed the lowest number of
bonds throughout the simulation percentiles, average and
mean values (Table 1).

3.6. Solvent Accessible Surface Area (SASA). The largest
SASA was produced by cLF throughout the simulation
(Figure 4(b)). SASA average values were 311:5 ± 5, 332:1 ±
4, and 312:3 ± 4:6 for bovine, camel, and human LF, respec-
tively (Table 2). As a general rule, a lower SASA value is seen
as signifying a more stable protein structure with lower
values indicating more fraction is buried within the struc-
ture. Due to the fact that the cLF is made up of two lobes
with distinct biological interactions, a definitive conclusion
on the overall volume of protein that makes up SASA cannot
be drawn.

3.7. The Radius of Gyration (Rg). The radius of gyration was
calculated for the complex based on “C-alpha” atoms using
GROMACS program (Figure 4(c)). The low values of Rg
indicate the general compactness of the examined systems.
The generally low Rg for cLF, bLF, and hLF indicates the
general compactness of all protein structures during MD
simulation.

3.8. Lactoferrin Composition. The amino acid composition of
the used dataset was analyzed to shed light on the amino

Table 3: The frequencies of charged amino acid composition of LF. Negatively charged (D and E), positively charged (R and K), and other
amino acids.

Negatively charged (D and E) Positively charged (R and K) Other

Camel dromedarius 1DTZ 0.103 0.126 0.771

Camelus bactrianus XP_010965654 0.105 0.121 0.774

Camelus ferus XP_032314575 0.103 0.121 0.775

Vicugna pacos (alpaca) XP_031542541 0.104 0.117 0.779

Balaenoptera acutorostrata scammoni XP_007168918 0.101 0.128 0.771

Monodon monoceros (narwhal) XP_029098394 0.106 0.125 0.769

Balaenoptera musculus (blue whale) XP_036725385 0.102 0.128 0.771

Tursiops truncatus (dolphin) XP_019802369 0.104 0.118 0.777

Orcinus orca (killer whale) XP_004283903 0.103 0.127 0.770

Globicephala melas (long-finned pilot whale) XP_030701198 0.106 0.121 0.773

Rhinolophus ferrumequinum (greater horseshoe bat) XP_032988762 0.113 0.120 0.767

Delphinapterus leucas (beluga whale) XP_022429072 0.104 0.125 0.770

Myotis lucifugus (little brown bat) XP_006097173 0.107 0.119 0.774

Phocoena sinus (vaquita) XP_032504925 0.104 0.118 0.778

Myotis brandtii (Brandt’s bat) XP_005877141 0.106 0.120 0.774

Ovis aries (sheep) ACT76166 0.105 0.119 0.777

Felis catus (domestic cat) XP_011289429 0.117 0.124 0.758

Bos taurus (cattle) BAB03470 0.107 0.131 0.761

Capra hircus (goat) ABD49106 0.106 0.120 0.774

Homo sapiens (human) NP_001186078 0.117 0.126 0.757

Average

Camelids 0.103 0.122 0.773

Marine mammals 0.103 0.123 0.772

Domestic animals and human 0.110 0.124 0.765
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acid characteristics, comprising the frequencies of hydro-
phobic, hydrophilic, positively charged, negatively charged,
and other characteristics (Tables 3 and 4).

Camelids and marine mammals showed lower average
negatively charged residue frequencies (0.103), which is
lower than domestic mammals (0.11). There were a slight
decrease in positive residues and a marked increase in the
frequency of noncharged residues in cLF (Table 3). No
major changes were observed in the frequencies of residues’
hydrophilicity or hydrophobicity (Table 4).

In a previous report, the majority of positively charged
residues are present in the N-terminal lobe’s N-terminal
region. Lactoferrins’ high net positive charge at physiological
pH is thought to determine their ability to bind to the differ-
ent negatively charged components found on the bacterial
surface, including LPS [18], DNA, and immune cells [23].

3.9. The Iron-Binding Site. About half of the iron concentra-
tions are lost at pH6.5, and the other half is lost in acidic
circumstances (pH4.0–2.0). The iron release mechanisms
of the N-lobe and C-lobe are unique, as evidenced by the
fact that the N-lobe releases iron at a lower pH (less than
4.0) while the C-lobe releases iron at a higher pH (6.5).
This implies that cLF works as both transferrin (a protein
that transports iron) and lactoferrin (a protein that binds
iron), in contrast to other transferrins and lactoferrins,

which have distinct iron transfer or binding roles. Other
transferrins and lactoferrins have a distinct iron transfer
or binding activities [19, 23, 24]. Both lobes, all LFs, have
the same residues for the bound Fe3+ ion. These residues
are made up of two tyrosine residues, one aspartic acid res-
idue, and one histidine residue, Asp 60, Tyr 92, Tyr 192,
and His 253 in the LF N-lobe and Asp 395, Tyr 433,
Tyr526, and His 595 in the C-lobe. Some residues relevant
to domain mobility in the protein, such as Pro418, Leu423,
Lys433, Gln561, Gly629, Lys637, Arg652, and Pro592, differ
in cLF from those of identified in other LFs, indicating the
possibility of structural changes [19]. In the MD simulation
of this study, all iron-binding site residues at the N-lobe
showed low RMSF, while residues at the C-lobe showed sig-
nificantly higher RMSF, indicating different behavior of LF
lobes in the absence of bound iron. Since this MD simulation
was performed at physiological pH, then the C-lobe and
N-lobe of cLF behave differently at this pH, implying sep-
arate molecular interactions of these components.

4. Relationship of cLF and the
Observed Phylogenetics

There is a surprising higher relationship between camelids’
LD with marine mammals’ LF, which was more distant to
domestic animals’ LF.

Table 4: The frequencies of amino acid composition of LF. Hydrophobic residues (A, F, G, I, L, M, P, V, and W), hydrophilic residues (C, N,
Q, S, T, and Y), and other amino acids.

Hydrophobic
(A, F, G, I, L, M, P, V, and W)

Hydrophilic
(C, N, Q, S, T, and Y)

Other

Camel dromedarius 1DTZ 0.483 0.274 0.274

Camelus bactrianus XP_010965654 0.477 0.282 0.240

Camelus ferus XP_032314575 0.477 0.282 0.239

Vicugna pacos (alpaca) XP_031542541 0.469 0.293 0.238

Balaenoptera acutorostrata scammoni XP_007168918 0.480 0.279 0.241

Monodon monoceros (narwhal) XP_029098394 0.482 0.275 0.244

Balaenoptera musculus (blue whale) XP_036725385 0.483 0.276 0.241

Tursiops truncatus (dolphin) XP_019802369 0.482 0.285 0.234

Orcinus orca (killer whale) XP_004283903 0.479 0.280 0.241

Globicephala melas (long-finned pilot whale) XP_030701198 0.485 0.277 0.238

Rhinolophus ferrumequinum (greater horseshoe bat) XP_032988762 0.455 0.298 0.247

Delphinapterus leucas (beluga whale) XP_022429072 0.485 0.275 0.241

Myotis lucifugus (little brown bat) XP_006097173 0.470 0.294 0.236

Phocoena sinus (vaquita) XP_032504925 0.484 0.283 0.233

Myotis brandtii (Brandt’s bat) XP_005877141 0.470 0.294 0.236

Ovis aries (sheep) ACT76166 0.477 0.287 0.236

Felis catus (domestic cat) XP_011289429 0.479 0.263 0.258

Bos taurus (cattle) BAB03470 0.472 0.277 0.251

Capra hircus (goat) ABD49106 0.476 0.287 0.237

Homo sapiens (human) NP_001186078 0.465 0.278 0.257

Average

Camelids 0.479 0.27933 0.251

Marine mammals 0.48 0.28071 0.23957

Domestic animals and human 0.4738 0.2784 0.2478
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LF is present in various body fluids, comprising tears,
saliva, and milk. Despite being present in water, marine
mammals such as dolphins’ lacrimal secretions are rich in
lactoferrin for broad-spectrum bacteriostatic purposes [25].

The N-lobe of camel apolactoferrin is structurally very
similar to the N-lobe of human apolactoferrin, while the
C-lobe of camel apolactoferrin is structurally quite similar
to that of hen and duck apo-ovotransferrin [19]. These find-
ings show that the iron-binding and releasing behavior of
camel lactoferrin’s N-lobe is comparable to that of human
lactoferrin’s N-lobe, whereas that of the C-lobe is similar
to that of duck and hen apo-ovotransferrins’ C-lobes [19].
In this study, the C-lobe fluctuated more than the N-lobe,
with a more variable iron-binding site. This suggests that
iron is required for C-lobe stability. The reported stability
of the N-lobe in camels may reflect its activity and interac-
tion with other proteins, as well as the implementation of
its functions.
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Morus nigra (M) and Ocimum basilicum (O) mixture (MO2) extract was extracted using hexane (MO2H), chloroform (MO2C),
ethyl acetate (MO2E), and methanol (MO2M) in a Soxhlet apparatus. The cytotoxicity was evaluated using MTT (3-[4,5-
dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) assay. The IC50 values of the MO2C-treated cancer cells were
11.31 μg/mL (MDA-MB-231), 15.45μg/mL (MCF-7), 18.9μg/mL (HepG2), 26.33 μg/mL (Huh-7), 30.17μg/mL (LoVo), and
36.76 μg/mL (HCT116). MO2C-treated cells showed cellular and nuclear morphological alterations like chromatin
condensation and formation of apoptotic bodies as observed using light and fluorescent microscopy. The antioxidant and anti-
inflammatory properties were investigated in vitro using 2,2′-diphenyl-1-picrylhydrazyl (DPPH) and egg albumin denaturation
assays. It was evident that the MO2M extract exhibited the highest antioxidant activity (18.13%), followed by the MO2E
extract (12.25%), MO2C extract (9.380%), and MO2H extract (6.31%). The highest inhibition percentage of albumin
denaturation was observed in MO2H (28.54%), followed by MO2M (4.32%) at 0.2 and 0.1mg/mL concentrations, respectively.
The compounds identified using gas chromatography-mass spectrometry (GC-MS) analysis for MO2C extract were α-trans-
bergamotene, germacrene D, selin-4,7(11)-diene, 2 tridecen-1-ol, and 2-decen-1-ol. The present study reveals that MO2C has
promising anticancer activity and may serve as a potent polyherbal extract in cancer treatment.

1. Introduction

There is an increase in the incidence of cancer and death cases
worldwide [1], and this could be attributed to lifestyle changes
(tobacco smoking, alcohol, diet, and obesity) and environmen-
tal factors (air and water pollution) [2]. In Saudi Arabia, the
estimated numbers of new cancer cases and deaths in 2020
are 27885 and 13069, respectively. Among distinct types of can-
cer, breast cancer is considered the leading cause of mortality
and morbidity in females living in Saudi, with approximately
1095 deaths. In Saudi Arabia, the most frequently recorded
cancer cases inmales and females are colorectal and breast can-
cers, respectively. In females, breast cancer constitutes 29% of
the confirmed cancer cases, followed by thyroid (14.3%) and

colorectal (9.2%) cancer. In contrast, colorectal cancer repre-
sents 19.3%, non-Hodgkin lymphoma 8%, leukemia 6.7%,
and thyroid 6.2% of the total reported cases in males [3].

Surgery, chemotherapy, radiation therapy, proton therapy,
and immunotherapy are cancer treatment methods that have
been commonly used to treat cancer [4]. Unfortunately, these
approaches can induce adverse effects on patients, causing them
more discomfort. Sometimes, they are not sufficiently effective.
Moreover, cells may develop resistance even to recently synthe-
sized drugs. Despite the positive effects that pharmaceutical
anticancer drugs may exert, such drugs may also cause harmful
reactions, including hypertension, lung damage, menopausal
symptoms, change in sexual desire, osteoporosis, cardiotoxicity,
brain and spinal cord problems, nerve disorders, and hair loss
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accompanied by vomiting [5]. Therefore, more studies are
being conducted to explore new and safe anticancer agents
from botanical sources that can prevent or suppress carcino-
genesis [6, 7].

The life expectancy of cancerous cells is greatly affected
by the rate of apoptosis. Therefore, modulating apoptosis
may probably be helpful towards cancer treatment and pre-
vention. In fact, natural products can markedly induce apo-
ptotic mechanisms [8, 9]. The cytotoxic and apoptotic
activities of polyherbal extracts were previously reported.
An extract which was developed by mixing the root extract
of Hemidesmus indicus (roots), Nigella sativa (seeds), and
Smilax glabra rhizomes together exerted high cytotoxicity
against NCI-H292 (lung cancer cells) and weaker cytotoxic
effects on MRC-5 (normal lung cells) [10]. Similarly, a poly-
herbal medicine, “Le Pana Guliya” showed antiproliferative
effects against HeLa and HepG2 cells with an IC50 value of
19.03 and 2.72μg/mL, respectively. The Le Pana Guliya
extract exerted anticancer effects through oxidative stress-
dependent apoptosis [11]. Accordingly, this study evaluated
the cytotoxicity and apoptotic potential of Morus nigra
(black mulberry) and Ocimum basilicum (sweet basil) mix-
ture against different cancer cell lines.

2. Research Methodology

2.1. Selection of Plants. Dried leaves of Morus nigra L. and
Ocimum basilicum L. were purchased from a herbal store
called Bin Menqash, located on Imam Saud Bin Abdulaziz
Road, Riyadh, Saudi Arabia. The dried herbs were examined
and identified by a taxonomist at the Botany and Microbiol-
ogy Department at King Saud University.

2.2. Preparation of Polyherbal Extracts. The polyherbal
extracts were prepared by mixing equal quantities of M.
nigra (20 g) and O. basilicum (20 g). Then, the herbs were
grinded by a coffee grinder. Subsequently, their powder
was extracted via Soxhlet extractor using four solvents
(450mL each) of different polarities. The employed solvents
were hexane, chloroform, ethyl acetate, and methanol
(Sigma-Aldrich, France), respectively. Next, the four poly-
herbal extracts were evaporated using a rotary evaporator
(Heidolph, Germany) at 45°C. Then, they were dissolved in
DMSO (Panreac, E.U) and transferred into small tubes.
Eventually, the tubes were labeled and preserved at -20°C.

2.3. Total Polyphenol Content. The total phenol content was
evaluated through the Folin-Ciocalteu (Alpha Chemika,
India) assay method [12]. Two microliters of each extract
was mixed with twenty microliters of Folin-Ciocalteu
reagent (10%) in a 96-well plate. Then, the mixture was trit-
urated a few times and kept for ten minutes at 25°C. Subse-
quently, 80μL of 7.5% sodium carbonate was pipetted into
the wells and mixed for a couple of times. Then, the 96-
well plate was incubated at 25°C for two hours to observe
any color change. Lastly, the wells’ absorbances were mea-
sured at 765nm using a microplate reader (ChromMate,
UK). The total phenolic content was recorded as mg/g gallic

acid (GAE/g) equivalent according to the standard curve
(y = 0:0042 × +0:0489, R2 = 0:97).

2.4. Total Flavonoid Content. The total flavonoid content
was evaluated using the aluminium chloride (AlCl3) colori-
metric assay [12]. In a 96-well plate, 2μL of each plant
extract was combined with 60μL of methanol, of 10% alu-
minium chloride (4μL), 1M of potassium acetate (4μL),
and 112μL of distilled water. After that, the mixture was trit-
urated for a few seconds and then incubated for 30 minutes.
Thereafter, the mixture was read at 420nm via a spectropho-
tometer. The total flavonoid content was documented as mg/
g quercetin equivalent according to the standard curve
(y = 0:0032 × +0:0492, R2 = 0:99).

2.5. Gas Chromatography-Mass Spectrometry (GC-MS). As
carried out earlier, the compounds found in MO2C extract
were investigated using GC-MS (Agilent Technologies,
USA) [13]. Those phytochemicals were identified by com-
paring their mass spectra to the library of the National Insti-
tute of Standards and Technology (NIST, 2004).

2.6. DPPH Radical Scavenging Assay. The radical scavenging
activity of the MO2 extracts was evaluated in vitro following
the method instructed by Abutaha et al. [12]. The reaction solu-
tion composed of 198μLDPPH (0.008% inmethanol) and 2μL
of various extract concentrations (4–0.125mg/mL) of each
plant, as well as standardizing gallic acid (10–90μg/mL). The
components were mixed in a 96-well plate and kept in the dark
at 25°C for half an hour. Subsequently, the absorbances of the
wells were measured at 517nm using a plate reader. In addition,
the percentage of the DPPH radical scavenging activity was
calculated based on the standard curve.

2.7. Cell Culture. Double negative MDA-MB-231ER(−)/PR(−),
double-positive MCF-7 ER(+)/PR(+) estrogen receptor (ER)
and progesterone receptor (PR) human breast adenocarci-
noma cell lines, human hepatoma (HepG2, Huh-7, and
CHANG), human colorectal carcinoma (HCT116 and LoVo),
and human umbilical vein endothelial cells (HUVEC) were
obtained from the Leibniz-Institute DSMZ-German Collec-
tion ofMicroorganisms and Cell Cultures and Japanese Tissue
Culture. The cells were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) (Gibco, USA) supplemented with penicil-
lin (100U/mL) and streptomycin (100μg/mL) (Gibco, USA)
and 10% fetal bovine serum (Gibco, USA). Cells were grown
at 37°C in a CO2 incubator (5% CO2) and using trypsin-
EDTA solution (Gibco, USA).

2.8. Cytotoxicity Assays. Through the MTT assay, the extracts
were assessed for their cytotoxic effects on eight cell lines. In
24-well plates, the cells were plated at 105 cells/mL density in
Dulbecco’s Modified Eagle Medium (DMEM) with 10% fetal
bovine serum at 37°C in 5% CO2 [14]. Additionally, the plates
were kept in the incubator for 24 hours. Then, they were treated
using various concentrations of the plant extracts for another 24
hours. In addition, DMSO-treated (0.5%) wells served as nega-
tive controls, and carbonyl cyanide 3-chlorophenylhydrazone
was used as a positive control. After the 24-hour treatment,
the MTT solution was pipetted into the wells and incubated
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for 2 hours. Subsequently, the formazan crystals were dissolved
using a solubilization solution such as DMSO. The resulting-
colored solution was quantified by reading the absorbances of
samples at 570nm via a spectrophotometer [12].

2.9. Morphological Changes by Light Microscopy. Cells were
exposed to MO2C extract for 24 h. After the treatment
period, cells were observed under light microscope (Leica,
Germany) to detect apoptosis morphological changes.

2.10. DAPI (4′,6-Diamidino-2-phenylindole) Staining. Ini-
tially, cells were cultured and then treated at a proper conflu-
ence (70%). Phosphate-buffered saline (1X PBS, pH7.4) was
applied to wash the treated cells. Then, the cells were fixed in
70% ethanol for five minutes. After that, they were stained
with DAPI dissolved in PBS (5μL/mL) and incubated for
half an hour at 37°C in the dark. Next, the cells were washed
using PBS and examined by fluorescent microscopy.

2.11. In Vitro Anti-inflammatory Bioassay. The protein
denaturation assay was carried out based on the method
demonstrated by [15]. Five millilitres of the reaction mixture
(0.02mL of extract, 4.78mL of PBS (pH6.4), and 0.2mL of
1% bovine albumin) was incubated for fifteen minutes at
37°C and subsequently heated at 70°C for 5 minutes. Upon
cooling, the turbidity was assessed at 660 nm by a plate
reader. Also, PBS solution was employed as a control. The
percentage inhibition of protein denaturation was found by
using the following equation:

%inhibition = 100 × ½Vt/Vc – 1�; Vt represents the absor-
bance of the test sample, whereas Vc refers to the absorbance
of the control.

3. Result

3.1. Phenolic and Flavonoid Contents of Tested Extracts. The
total phenolic content was found to be at its highest level in
the ethyl acetate extract (36.69mg gallic acid equivalent
(GAE)/g dry weight), followed by methanol (33.23mg
GAE/g dry weight), chloroform (11.61mg GAE/g dry
weight), and hexane (7.510mg GAE/g dry weight) extract.
Moreover, the total flavonoid content results showed that
the ethyl acetate extract had the maximum value (22.95mg
quercetin equivalent (QE)/g dry weight) followed by chloro-
form (7.75mg QE/g dry weight), methanol (6.75mg QE/g
dry weight), and hexane (6.47mg QE/g dry weight) extract.

3.2. Composition Analysis of the Extract. The chromatogram
and the identified compounds are presented in Table 1 and
Figure 1. A total of 5 phyto-compounds were identified in
the MO2C extract. The compounds identified were α-
trans-bergamotene, germacrene D, selin-4,7(11)-diene, 2-
tridecen-1-ol, and 2-decen-1-ol.

3.3. In Vitro Antioxidant Activity. The in vitro antioxidant
activity assays were performed to evaluate the capacity of
herbal extracts to scavenge free radicals DPPH. Overall, it
was apparent that MO2M possessed the highest antioxidant

Table 1: Phytochemical profile of MO2C extract using gas chromatography-mass spectrometry.

No. Compounds Retention time Area % Formula Molecular weight

1 α-Trans-bergamotene 10.58 8.930 C15H24 204.35

2 Germacrene D 11.47 2.800 C15H24 204.35

3 Selin-4,7(11)-diene 12.69 19.620 C15H24 204.35

4 2-Decen-1-ol 14.13 62.820 C10H20O 156.26

5 2-Tridecen-1-ol 14.31 5.840 C13H26O 198.34

5.55 7.55 9.55 11.55 13.55 15.55 17.55
Time0

100

%

Omr-1
14.13;2-DECEN-1-OL (C

12.6910.58
,TRANS-.ALPHA.-

14.45
2-TRIDECEN-1-OL

Figure 1: Gas chromatography-mass spectrometry chromatogram of MO2C.
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properties (18.13%), followed by MO2E (12.25%), MO2C
(9.380%), and MO2H (6.31%) (Table 2).

3.4. In Vitro Anti-inflammatory Bioassay. The anti-
inflammatory properties of MO2 extracts were assessed using
the egg albumin method. The highest inhibition percentage
was observed in MO2H (28.54%) followed by MO2M
(4.32%) at 0.2 and 0.1mg/mL concentrations, respectively.

3.5. Cytotoxic Effects. A normal cell line and seven distinct
cancer cell lines were incubated with different concentra-
tions of solvent extracts for 24 hours to determine the effec-
tiveness of each extract based on their corresponding
cytotoxic effects. The results indicated that only the chloro-

form extract (MO2C) was toxic against all cell lines but
CHANG cells at the highest concentration. (Figures 2 and
3). The IC50 values of the MO2C-treated cancer cells were
11.31μg/mL (MDA-MB-231ER(-)/PR(-)), 15.45μg/mL (MCF-
7ER(+)/PR(+)) 18.9μg/mL (HepG2), 26.33μg/mL (Huh-7),
30.17μg/mL (LoVo), and 36.76μg/mL (HCT116). MDA-
MB-231ER(−)/PR(−) cells were the most sensitive cancer cell
line tested with an IC50 value of 11.31μg/mL. In addition,
HCT116 cells were the least sensitive with an IC50 value of
36.76μg/mL. MO2C extract displayed selective cytotoxicity
because it was less toxic to the normal HUVEC cells (IC50:
38.45) compared to the other cancer cell lines. Carbonyl
cyanide 3-chlorophenylhydrazone was used as a positive
control, and its calculated IC50 values were 1.36, 2.26,

Table 2: Total polyphenols and total flavonoids contents, antioxidant, and anti-inflammatory activities of different solvent extract of M.
nigra and O. basilicum mixture.

No. Sample
Total flavonoid

content (1mg/mL)
Total polyphenol
content (1mg/mL)

Antioxidant DPPH (%
inhibition at 4mg con.)

Anti-inflammatory (% inhibition of albumin
denaturation at 1mg con. except MO2H at 0.5mg)

1 MO2H 6.47 7.510 6.31 28.54

2 MO2C 7.75 11.61 9.38 —

3 MO2E 22.95 36.69 12.25 —

4 MO2M 6.75 33.23 18.13 4.32
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Figure 2: Dose-dependent cytotoxic effect of MO2C extract and cyanide 3-chlorophenylhydrazone after 24 hours of exposure on human
cancer cell lines, namely, hepatocellular carcinoma (HepG2, CHANG), human colon carcinoma (HCT116), and the normal human
umbilical vein endothelial cells (HUVECs).
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10.67, 18.39, 29.06, 53.27, and 44.98μg/mL against Huh-7,
MDA-MB-231, HCT116, MCF7, LoVo, HepG2, and
HUVEC cells, respectively.

3.6. Cell Morphology and DAPI Staining. The morphology of
the MCF-7 cells was affected by MO2C extract, whereas the
control cells showed typical cell morphologies. Shrinkage,
cell detachment, complete cellular integrity loss, and cyto-
plasm contraction were observed in MCF-7 cells treated with
MO2C extract (Figure 4). The effect of MO2C extract on the
nuclear morphology of MCF-7 cells was assessed by DAPI
staining. As exhibited in Figure 4, MO2C extract-treated
cells showed chromatin condensation and formation of apo-
ptotic bodies. In contrast, the control cells were stained uni-
formly (Figure 4) and morphologically intact. They were
adherent to the surface and tightly packed.

4. Discussion

According to the United States National Cancer Institute plant
screening program, the cytotoxic activity of crude extracts is
promising if the IC50 value is <30μg/mL [16]. The MO2C
extract was cytotoxic at very low concentrations. Its cytotoxic
activity against HepG2, MCF-7, HCT116, LoVo, MDA-MB-

231, and Huh-7 was selective compared to the normal human
umbilical vein endothelial cells (HUVECs). To date, most che-
motherapeutic agents attack both normal and cancer cells
indiscriminately. For less damage to normal cells postcancer
therapy, it is essential to develop natural product extracts with
selective cytotoxicity towards cancer cells. Thus, plant extracts
cytotoxic effects on cancer cells were compared to that of nor-
mal HUVEC cells. Different researchers observed similar
results such as the selective cytotoxicity observed in Artemisia
absinthium leaf and seed extract on A-549, K-562, K-562,
MCF-7, and PC-3 cells compared with human bronchial epi-
thelial cell line (BEAS-2B) [17]. Similarly, researchers claimed
that the Primula auriculata and Primula vulgaris extract
exhibited selective cytotoxic effects on different human cancer
cell lines, including MCF-7, HepG2, HT-29, A549, PC-3, and
WiDr compared with normal bovine kidney cells and human
normal fibroblast cells [18, 19].

It is noted that different cancer cell lines may respond to
cancer drugs differently [20, 21]. In this study, it was noticeable
that there were variations in response to MO2C extract from
different cell lines derived from the same organs, such as breast
cancer MCF7 and MDA-MB-231, colon cancer HCT116,
LoVo, and liver cancer HepG2, Huh-7, and CHANG. It has
been widely acknowledged that many tumors are not
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Figure 3: Dose-dependent cytotoxic effect of MO2C extract and cyanide 3-chlorophenylhydrazone after 24 hours of exposure on different
human cancer cell lines, namely, hepatocellular carcinoma (Huh-7), human colon carcinoma (LoVo), and human breast carcinoma (MCF7
and MDA-MB-231).
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homogenous in nature but are comprised of cells of different
characteristics. Tumoral heterogeneity occurs in many cancers
causing different resistances to treatment, drug sensitivities,
and relapse after treatment [22, 23]. Therefore, tumor hetero-
geneity is a significant obstacle in cancer treatment. Hence, cel-
lular heterogeneity is an important factor in assessing the
overall response of cells to cancer drug treatment. Therefore,
drug combination and botanical extract serve as promising
resources towards the mission of overcoming this obstacle.

Plant extracts are a valuable source of anticancer agents
[24]. Secondary metabolites such as polyphenols, flavonoids,
terpenoids, and alkaloids exhibit different biological activities,
such as antioxidant, anti-inflammatory, anticancer, and anti-
aging [25]. In fact, several polyphenols and flavonoids have
already been reported for their anticancer activities such as
hydroxycinnamates, lignins, chalcones, stilbenes, xanthones,
coumarins, flavonoids, and hydroxybenzoates [26].

Anticancer agents that induce apoptosis are considered as
one of the most effective strategies of chemotherapy [27]. Thus,
when searching for new anticancer agents, the candidates
should demonstrate apoptosis induction in cancer cells [28].
Our data showed that MO2C treatment resulted in the forma-
tion of apoptotic bodies, membrane blebbing, cell shrinkage,
and othermorphological changes, all of which are common fea-
tures of apoptosis [29, 30]. Upon application of DAPI staining,
the treated cells displayed chromatin condensation and nuclear
fragmentation, which could be associated with apoptosis induc-

tion relative to normal control cells (Figure 4). Similar results
have been published where polyherbal extracts showed apopto-
tic activity against MCF-7 and other cancer cells [31–33].

Protein denaturation causes the production of auto-
antigens in different medical conditions such as diabetes,
rheumatic arthritis, and cancer, which are recognized as
chronic inflammatory disorders. Therefore, by inhibiting pro-
tein denaturation, inflammation is also inhibited [34]. The egg
albumin method provides a cheap alternative way of testing
the anti-inflammatory activity of herbal medicines. In the
future, the anti-inflammatory test of MO2C should be validated
by in vivo and in vitro studies such as rat paw edema, bovine
serum albumin, andmembrane stabilization. From phytochem-
ical investigation, the presence of different compounds sug-
gested that one of the constituents or their combination is
responsible for producing the anti-inflammatory effects.

The compounds identified by GC-MS in the present
sample (Table 1 and Figure 1), namely, germacrene D, α-
trans-bergamotene, selin-4,7(11)-diene, 2-decen-1-ol, and
2-tridecen-1-ol were not individually tested. Still, they have
been associated with the anticancer and anti-inflammatory
activities of many plants’ crude extracts [35–40]. In addition,
in silico molecular docking conducted by Farooq Khan et al.
showed that the possible molecular mechanism of anticancer
activity is the binding of 2-Tridecen-1-ol with phase inducer
phosphatases 2 with higher binding energy as compared to
M-phase inducer phosphatases [37].

(a) (b)

(c) (d)

Figure 4: Morphological and nuclear assessment of MO2H-treated and untreated cells MCF-7ER(+)/PR(+) cells at IC50 × 2 after 24 h. Cells
were observed using light and fluorescent microscopes. (a) DMSO treated MCF-7ER(+)/PR(+) cells after 24 h. (b) Detachment of cell from
culture plate (BT549) after 24 h exposure to MO2H at IC50 × 2 value. (c) Control cells stained with DAPI appear evenly stained with no
DNA fragmentation. (d) MCF7 cells treated with MO2H extract show apoptotic nuclei. Images are magnified at 40×. Scale bars = 100μm.
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5. Conclusion

This study demonstrates the anticancer potential ofM. nigra
and O. basilicum mixture for the first time against different
cancer cell lines. Further studies on combining the extract
with other anticancer drugs and in vivo animal models are
necessary before advancement to clinical trials.
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Level of toxic heavy metal concentration like lead (Pb), chromium (Cr), cadmium (Cd), iron (Fe), copper (Cu), zinc (Zn), and
nickel (Ni) in thirty-six soft and hard organs and their impact on lipid profile of Hypophthalmichthys molitrix and Catla catla
fish species inhibiting in Tanda Dam reservoir were investigated. The heavy metal concentrations in water, sediment, and fish
of the different regions in the reservoir were determined with atomic absorption spectrophotometer. Lipid profile was carried
out by AOAC official methods. The results showed that Pb was dominant among all the heavy metals in six organs, and its
maximum concentration of Pb (22.5mg kg-1 and 32.9mg kg-1) was observed in scales in Hypophthalmichthys molitrix and tail
of Catla catla, respectively. The maximum concentrations of Cd were observed in the head, scales, fins, and gills of Catla catla.
The bioaccumulation of heavy metals was significantly different at (p ≤ 0:01) within the organs and between the fish species.
The lipid concentration was minimum in those organs where the concentrations of heavy metals were maximum. It is clear
from the findings that heavy metal accumulation reduces the lipid content of fish. It is inevitable to monitor the Tanda Dam
reservoir to safeguard human health.

1. Introduction

Heavy metal toxicity on fish is multidirectional and causes
physiological and chemical changes in their body. The
bioaccumulation of heavy metals can cause functional dis-
turbance of organs. Accumulation of metals in various
organs of fish may cause structural lesions and functional
disturbances in them. A survey of heavy metal toxicity shows
that the presence of heavy metals causes alterations in condi-
tion indices (condition factor and hepatosomatic index),
biochemical disorders including oxidative stress and associ-
ated genotoxicity, and histopathology on aquatic organisms.

At over 22,000 species, fish exhibited the supreme diversity
of vertebrates. Although the fisheries sector in Pakistan is a
subsector of agriculture and contributes 1% to the country’s
GDP. Pakistan is rich in fisheries in the marine and freshwa-
ter regions. In 2020, Pakistan’s overall fish production was
estimated at 701,726 metric tons, 474,025 metric tons of
which were derived from marine fisheries and the remainder
from inland freshwaters (Pakistan economic survey, 2019-
20) [1]. The demands of the growing population eventually
lead to an increase in food, so the fish industry can serve
as a good source of healthy food, especially protein and
lipids [2]. In human nutrition, the significance of fish is
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primarily due to its lipids. Fish lipids are an excellent source
of polyunsaturated omega-3 fatty acids (n-3PUFA), docosa-
hexaenoic acid (DHA), and eicosatetraenoic acid (EPA).
Omega-3 polyunsaturated fatty acids are important due to
their involvement in several biological processes and nutri-
tional significance. They are important for a reduction in
the cholesterol levels, decreasing the risk of heart diseases
and stroke incidence, and thus, the presence of n-3 PUFAs
is an essential requirement in our diet [3]. Based on this evi-
dence, the fish are regarded as an alternative cure for heart
patients [4]. In recent years, the poor wastewater treatment
and practices are resulting in the contamination of water
resources with heavy metals, pesticides, and inorganic fertil-
izers in the agricultural sector, atmospheric deposition, and
geomorphological weathering of the earth’s crust [5, 6],
and depleting aquatic and ecosystem. As part of our diet, it
is not surprising that contaminated fish can be a very dan-
gerous source of some toxic heavy metals in the diet [7, 8].
Heavy metals have acquired the soft and hard tissues of
the fish via the process of bioaccumulation. The accumula-
tion of heavy metals in fish is used as a bioindicators to
detect the concentration of heavy metals in aquatic bodies.
These metals are transported from fish to their predators
in the food chain [9, 10].

Heavy metal accumulation causes infertility in fish pop-
ulations. Their high concentration affects the physiology and
biochemical parameters of fish tissues, and heavy metals dis-
turb body biochemistry in normal metabolic processes.
These heavy metals not only accumulated in fish but also
in plants in the environment and cause damage to animal
and plant tissues [11–14]. In aquatic animals, heavy metals
cause sublethal pathology of the liver, kidneys, reproductive,
respiratory, and nervous systems [15]. Furthermore, the
conversions of unsaturated fatty acids into small fragments
of hydrocarbon are important for membrane lipid peroxida-
tion. This process of peroxidation results in lipid-free radical
formation, extremely toxic for carbohydrates, proteins, and
lipids via the process of oxidative damage. These free radi-
cals are regarded as reactive oxygen species and play a vital
role in the inhibition of antioxidant defense mechanisms.
Among the most common heavy ions in wastewater are Cd
(II) and Pb (II) and responsible for grave health issues and
environmental problems. Cd (II) and Pb (II) ions have a sole
history of an intensive bad impact on human beings and
animal health [16]. For example, Cd (II) is regarded as class
I human carcinogens and Pb (II) for children compared to
adults due to its higher intake by ingestion [17–20]. For
example, Cd (II) is regarded as class I human carcinogens
and Pb (II) for children compared to adults due to its higher
intake by ingestion [21]. Several environmental issues are
associated with heavy metal contamination of water [20].
Literature shows the bioaccumulation of different metals in
the fishes and their resultant effects on humans. Very
recently, the toxic effects of heavy metals were monitored
in different families and genera of fish. It was found that
the consumption of heavy metals resulted in renal impair-
ment (Pb, Cd, and Hg), decreased cognitive function (Pb
and Hg), reproductive disorder (Cd and Pb), neurological
abnormalities (Hg and Pb), teratogenic disorders (Hg), and

cancer (Cd) [14]. Flow sheet diagram of heavy metals in
aquatic system is provided as Figure 1.

The present study explores the heavy metal concentra-
tion in two fish species Hypophthalmichthys molitrix and
Catla catla and their accumulation in lipid contents in the
water reservoir of Tanda Dam, a small water reservoir
located in the district of Kohat, Pakistan. The reservoir is
surrounded by semiarid hills of Landi Kotal and connected
with river Toi in District Kohat, Khyber Pakhtunkhwa Prov-
ince, Pakistan. The Tanda Dam is often used for irrigation,
fishing, and picnic purposes. On July 23, 1970, it was desig-
nated as a Ramsar site for winter passage migrants stop off
here as an important wetland. Local specialists in wildlife
also seek to encourage cranes to use this site during migra-
tion. The area is closed off, to the captive, rare, and bred
extinct animals within the province by the Khyber Pakh-
tunkhwa Wildlife Department. During the breeding season,
the Tanda fish hatchery was established near the Tanda
Dam to hatch different cyprinid species. There is rich fish
fauna in the Tanda Dam, so it is a good fishing place for
hunting.

2. Materials and Methods

2.1. Sample Collections. The samples of Hypophthalmichthys
molitrix and Catla catla fish species, water, and sediments
were collected from the Tanda Dam, Kohat, Pakistan. The
water and sediment samples were collected in clear sterilized
plastic bottles separately, from the inlet, outlet, and middle
sides of the dam. All sediments were dried in an oven at
100°C for 24 hours. The fish specimens collected were pre-
served in separate bottles in a 5-percent formalin solution.
To prevent deterioration, the samples were covered with
sterilized polythene bags and kept at -20°C in a deep freezer
until further examination. Using corrosion-resistant stain-
less knives, fish specimens were cut into separate sections
(head, tail, abdomen, scales, fins, and gills). Each sample
was placed in a separate china dish and transferred to the
oven to dry at 100°C for 24 hours.

2.2. Preparation of Samples. The dried samples were crushed
into small pieces. About 2.0 g of each sample was treated
with 10mL (concentrated HNO3) and 2mL (H2O2). The
samples were digested by using a hot plate (Janeway,
Model-1000), and 6.0 g of each sample was subjected to a
protocol of total lipids extraction as per the standard
method [22].

2.3. Acid Digestion of Fish and Sediment Samples. Each 2.0 g
dry and crushed sample of fish was weighed and transferred
to a 50mL conical flask separately, and 10mL concentrated
HNO3 (70%) and 2mL H2O2 were added. The flask was
heated gradually from 50 to 120°C for 30 minutes using a
hot plate, and the process was continued for 12°C with the
repeated addition of HNO3 and H2O2. The process of
digestion was stopped upon the appearance of a colorless
solution. The solution was placed in an open container for
cooling after the complete digestion of the samples. The
sample was then filtered in 50mL clean plastic bottles with
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sealing plugs by Whatman Filter Paper 42. The volume of
the solution was increased to 7mL by adding 2mL of con-
centrated HNO3. The solution was then diluted by adding
25mL of distilled water. The samples were labeled and used
for heavy metal analysis. The whole procedure was repeated
until all the samples were digested and prepared for the
atomic absorption spectrophotometer (Model-Analyst 400)
analysis. The standard calibration for each metal element
was prepared from the stock solution and analyzed at
regular time intervals, to check the flow of the instrument
[3]. The same procedure was adopted for sediments unless
otherwise mentioned.

2.4. Procedure of Lipid Extraction. A 6.0 g dried and ground
sample of each organ of fish were treated with 200mL of
acetone added to the sample, separately. In the continuous
extractor, lipid extraction with acetone was carried out for
up to 12 hours. Using a rotary evaporator, the acetone was
distilled until 10-15mL of acetone remained in the flask
and was then transferred into the beaker. Finally, to make
it free of oils, the flask was washed with fresh acetone. The
beaker was heated to evaporate water and lipid acetone at
constant temperature in a water bath. The beaker was trans-
ferred to the oven at 80°C for 1 h for complete evaporation
and then shifted to cool and weighted desiccators. The sum

of the extracted lipids is equal to the total lipid weight
as mentioned in the following (Association of Official
Analytical Collaboration (AOAC), official method of anal-
ysis, 948) [23, 24]:

Formula lipid percentage = W3 −W1
W2

� �
× 100, ð1Þ

where W1, W2, and W3 are the weight of empty beaker,
sample, and lipid, respectively.

3. Results and Discussion

This study was performed to test the concentration of heavy
metals in different parts of Hypophthalmichthys molitrix and
Catla catla. Table 1 presents the heavy metal Fe, Cu, Zn, Ni,
Cd, Cr, and Pb concentrations in six body parts of
Hypophthalmichthys molitrix and Catla catla. The metal Pb
was found to be the highest (22.50mg/kg) of all heavy metals
in the scales of Hypophthalmichthys molitrix. The concentra-
tions of all the metals in the head, gills, abdomen, tail, fins,
and scales of the Hypophthalmichthys molitrix were as
follows: the concentration of Pb was found to be maximum
(15.60, 17.15, 20.20, 14.32, 20.10, and 22.50mg/kg, respec-
tively), while Cd showed the minimum concentration

Pd, Cr, Cd, Fe, Cu, Zn, Ni
(Aquatic ecosystem)
Accumulation in tissues (gills, liver
kidney, muscle, integument
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More energy
requirement
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reactive oxygen species
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Figure 1: Flow sheet diagram of heavy metals in an aquatic system.
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(0.032, 0.112, 0.112, 0.096, 0.064, and 0.016mg/kg,
respectively).

In the body parts of Catla catla, the highest heavy
metal concentration was found for Pb (32.9mg/kg) accu-
mulated in the tail of fish, while the concentration of
multiheavy metals in six body parts of Catla catla is
found in the head, gills, abdomen, tails, fins, and scales.
The concentration of Pb were found maximum (21.2,
30.0, 22.24, 32.2, 25.6, and 30.8mg/kg, respectively), while
Cd showed the minimum concentration (0.176, 0.144,
0.016, 0.08, 0.096, and 0.144mg/kg, respectively).

Table 2 shows the concentration of heavy metals (Fe, Ni,
Cu, Zn, Cd, Cr, and Pb) in water samples collected in the
inlet, medium, and outlet regions of Tanda Dam water.
The concentration of Pb had the maximum concentration
among all heavy metals in the outlet water sample
(19.802mg/L). The reported values of Pb in the inlet, mid-
dle, and outlet regions were15.40, 18.10, and 19.802mg/L,
respectively, while Cd showed the lowest concentration
among all metals, and their concentrations in the inlet, mid-
dle, and output regions were 0.144, 0.16, and 0.128mg/L,
respectively.

Table 3 represents the concentration of heavy metals in
the sediment sample of the Tanda Dam. Out of all the metals
present, Pb showed the highest concentration (12.5mg/kg),
while Cd has the lowest concentration (0.16mg/kg).

Table 4 shows the comparison of heavy metals (Fe, Ni,
Cu, Zn, Cd, Cr, and Pb) concentration for both species.
The abdomen of Catla catla represented the highest concen-
tration of Fe among all the organs of both species. The con-
centration of iron (Fe) in the head, tail, fins, and gills of
Hypophthalmichthys molitrix was higher than that of the
Catla catla, while the iron concentration in the scales and

abdomen of Catla catla was higher than that in the
Hypophthalmichthys molitrix. For nickel (Ni), the scales of
Catla catla revealed the maximum concentration. Compared
to the Hypophthalmichthys molitrix, Catla catla had higher
concentrations of nickel in the tail, gills, fins, and scales.
Only the head of the Hypophthalmichthys molitrix had an
increased concentration of nickel than that of Catla catla.
Copper (Cu) concentrations were higher in the scales, head,
abdomen, and gills of Catla catla than in the Hypophthal-
michthys molitrix. However, in the fins and tail of the
Hypophthalmichthys molitrix, the concentration of copper
was much higher than that of the Catla catla. The concentra-
tion of zinc in the head, tail, and abdomen of Hypophthal-
michthys molitrix is higher than that of Catla catla.

Table 1: Heavy metals concentration (mg/kg) in different body parts of Hypophthalmichthys molitrix and Catla catla collected from the
Tanda Dam (mean value ± standard).

Hypophthalmichthys molitrix
Heavy metals Head Gills Abdomen Tail Fins Scales p≤

Fe 5:501 ± 0:061 6:23 ± 0:021 3:604 ± 0:103 4:126 ± 0:019 2:62 ± 0:014 2:12 ± 0:013 0.0016

Ni 3:26 ± 0:039 2:70 ± 0:013 1:648 ± 0:027 1:728 ± 0:011 3:12 ± 0:033 3:13 ± 0:011 0.0003

Cu 0:112 ± 0:014 0:864 ± 0:031 1:0721 ± 0:131 3:296 ± 0:022 3:920 ± 0:015 2:496 ± 0:005 0.0243

Zn 9:424 ± 0:82 4:016 ± 0:006 12:824 ± 0:106 10:19 ± 0:103 8:448 ± 0:018 5:968 ± 0:008 0.0012

Cd 0:032 ± 0:005 0:112 ± 0:003 0:112 ± 0:002 0:096 ± 0:001 0:064 ± 0:005 0:016 ± 0:010 0.0080

Cr 0:496 ± 0:009 0:464 ± 0:007 0:512 ± 0:002 0:544 ± 0:001 0:496 ± 0:007 0:48 ± 0:001 0.001

Pb 15:6 ± 0:051 17:15 ± 0:039 20:2 ± 0:056 14:32 ± 0:049 20:10 ± 0:127 22:5 ± 0:059 0.001

Catla catla

Fe 2:912 ± 0:023 5:46 ± 0:031 9:82 ± 0:052 1:630 ± 0:002 2:52 ± 0:021 2:452 ± 0:028 0.0217

Ni 2:752 ± 0:019 4:52 ± 0:009 2:704 ± 0:02 3:808 ± 0:047 4:40 ± 0:037 13:74 ± 0:01 0.0267

Cu 2:512 ± 0:006 4:656 ± 0:096 2:96 ± 0:035 3:152 ± 0:047 2:752 ± 0:02 4:432 ± 0:112 0.0003

Zn 4:56 ± 0:002 4:848 ± 0:029 11:34 ± 0:135 10 ± 0:075 10:688 ± 0:05 9:888 ± 0:035 0.001

Cd 0:176 ± 0:004 0:144 ± 0:003 0:016 ± 0:002 0:08 ± 0:004 0:096 ± 0:004 0:144 ± 0:002 0.0056

Cr 0:528 ± 0:001 0:496 ± 0:001 0:528 ± 0:001 0:496 ± 0:002 0:352 ± 0:003 0:480 ± 0:002 0.001

Pb 21:2 ± 0:041 30:0 ± 0:094 22:24 ± 0:110 32:9 ± 0:141 25:6 ± 0:056 30:8 ± 0:095 0.001

Standard permissible limit of heavy metals in fish by WHO (FAO/WHO, 1993): Fe-0.5, Ni-0.05, Cu-3.0, Zn-30, Cd-0.5, Cr-0.6, and Pb-2.0mg/kg.

Table 2: Heavy metal concentration (mmin) in water samples of
the Tanda Dam were collected from three different sides.

Heavy
metals

Inlet Middle Outlet
Significant

value

Fe 3:235 ± 0:058 1:942 ± 0:032 1:635 ± 0:019 p ≤ 0:0436
Ni 2:912 ± 0:024 3:376 ± 0:018 4:528 ± 0:012 p ≤ 0:0173
Cu 2:088 ± 0:109 0:928 ± 0:057 0:512 ± 0:088 p ≤ 0:1301
Zn 5:41 ± 0:042 4:432 ± 0:040 3:28 ± 0:035 p ≤ 0:0192
Cd 0:144 ± 0:004 0:16 ± 0:005 0:128 ± 0:004 p ≤ 0:0041
Cr 0:544 ± 0:001 0:544 ± 0:002 0:544 ± 0:001 p ≤ 0:001
Pb 15:40 ± 0:083 18:10 ± 0:058 19:802 ± 0:098 p ≤ 0:0052
The permissible limit of heavy metals in water by WHO (FAO/WHO,
1993): Fe = 0:30, Ni = 0:02, Cu = 2:00, Zn = 3:00, Cd = 0:003, Cr = 0:05,
and Pb = 0:04mg/L.
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However, the scales, gills, and fins of the Catla catla have
shown a greater amount of zinc than the Hypophthal-
michthys molitrix.

In the comparison of cadmium concentration, the head,
scales, gills, and fins of Catla catla showed higher concentra-
tion than Hypophthalmichthys molitrix, while the tail and
abdomen of Hypophthalmichthys molitrix contain more
cadmium concentration than Catla catla. The concentration
of chromium in the abdomen, head, and gills of Catla catla
was higher than that of Hypophthalmichthys molitrix, while
the concentration of chromium in the fins and tail of Catla
catla was lower than that of Hypophthalmichthys molitrix,
whereas both species have an equal concentration of chro-
mium in the scales. Lead concentration was higher in all
six organs of the Hypophthalmichthys molitrix as compared
to Catla catla. In Catla catla, the overall concentration of
heavy metals, and specifically that of lead, was higher than
in Hypophthalmichthys molitrix.

Table 5 showed the comparison of lipid percentages in
both species. The highest lipid percentage (38.42 percent)
was found in the head of Hypophthalmichthys molitrix, while
scales of Catla catla showed the minimum lipid percentage
(1.58 percent). In all six body parts, the recorded percentage
of lipids was as follows: head>gills>abdomen>tail>fins>
scales in both species. The overall comparison showed that
the total percentage of lipids in all six organs was greater
in Hypophthalmichthys molitrix as compared to Catla
catla.

4. Discussion

The present study was conducted on two fish species of
Tanda Dam Kohat, i.e., Hypophthalmichthys molitrix and
Catla catla. The literature shows that the overconsumption
of fish is sometimes toxic due to the concentration of heavy
metals. Therefore, it was important to evaluate the heavy
metals in the fish species H. molitrix and Catla catla.

The accumulation of heavy metal sand lipid contents
of these two species were screened (Tables 1–5 and
Figures 1–5). Table 1 presents the concentration of multi-
heavy metals (iron, nickel, copper, zinc, cadmium, and lead)

in the body parts of Hypophthalmichthys molitrix and Catla
catla of Tanda Dam. Lead (Pb) has the highest concentration
on the scales, i.e., 22.5mg/kg, while cadmium (Cd) has the
lowest concentration (0.016mg/kg) on the scales, of all the
heavy metals in the Hypophthalmichthys molitrix. In the
head, gills, abdomen, tails, fins, and scales of theHypophthal-
michthys molitrix, the concentration of Pb was found maxi-
mum (15.60, 17.15, 20.20, 14.32, 20.10, and 22.50mg/kg,
respectively), while Cd showed the minimum concentra-
tion (0.032, 0.112, 0.112, 0.096, 0.064, and 0.016mg/kg,
respectively). The concentrations of lead, nickel, and iron,
described by the WHO were above the permissible levels,
while the concentrations of chromium, copper, zinc, and
cadmium were below the permissible limits [25–28].

Table 1 also shows the heavy metal concentration in the
body parts of the Catla catla. The highest concentration of
lead (Pb) in the tail was 32.9mg/kg, while the lowest concen-
tration of cadmium (Cd) in the abdomen was found to be
0.016mg/kg in all the metals present in Catla catla.

The recorded value of heavy metals in the head, gills,
abdomen, tail, fins, and scales of Catla catla shows a higher
concentration of lead in the head, gills, abdomen, tails, fins,
and scales with values of 21.2, 30.0, 22.24, 32.2, 25.6, and
30.8mg/kg, respectively, while Cd showed the minimum
concentration (0.176, 0.144, 0.016, 0.08, 0.096, and
0.144mg/kg, respectively) in these parts.

The concentration of lead in the body parts of Catla catla
ranged from 32.9 to 21.2mg/kg. The accumulation of lead,
iron, and nickel was above the permissible limits, while cad-
mium, zinc, and chromium were below the permissible
limits, and copper was within the permissible level of the
WHO standard.

The present study showed that the organs of both species
have different concentrations of metals.

Kalay et al. [29] reported that different species of fish
have different concentrations of metals in their tissues. Also,
Canli and Atli [30] reported that the concentration of heavy
metals in fish varies according to their species and the
aquatic environment. Kamaruzzaman et al. [31] reported a
significant increase in the concentration of Pb and Cd in
all heavy metals in Cyprinus carpio tissues.

Table 2 indicates the abundance of heavy metals in three
water samples (i.e., inlet, middle, and outlet) of the Tanda
Dam. Lead (Pb) has the highest concentration in the outlet
water sample, i.e., 19.802mg/kg among all metals.

The reported values for heavy metals in the inlet, middle,
and outlet regions were as follows: Pb showed the highest
concentration (15.40, 18.10, and 19.802mg/L, respectively),
while Cd showed the lowest concentration among all metals
(0.144, 0.16, and 0.128mg/L, respectively). In inlet water
region, the order of concentration of metals was Pb>Zn>
Fe>Ni>Cu>Cr>Cd, while in the middle water region, the
order of concentration was Pb>Zn>Ni>Fe>Cu>Cr>Cd. In
the outlet water region, the order of concentration of heavy
metals was found as Pb>Ni>Zn>Fe>Cr>Cu>Cd. The con-
centration of all the metals in the water was above the
WHO standard level, except for Cu.

Table 3 shows the concentration of iron, nickel, copper,
zinc, cadmium, chromium, and lead in the sediment sample

Table 3: Heavy metal concentration (mg/kg) in sediments
collected from Tanda Dam.

Heavy metal Sediments Significant value

Fe 5:435 ± 0:064 p ≤ 0:001
Ni 8:272 ± 0:047 p ≤ 0:001
Cu 5:568 ± 0:266 p ≤ 0:0008
Zn 6:69 ± 0:078 p ≤ 0:001
Cd 0:16 ± 0:006 p ≤ 0:0005
Cr 0:528 ± 0:001 p ≤ 0:001
Pb 12:5 ± 0:030 p ≤ 0:001
Permissible limit of heavy metals in soil by WHO (FAO/WHO, 1993):
Fe = 0:030, Ni = 50, Cu = 0:025, Zn = 30, Cd = 0:006, Cr = 0:8, and Pb =
0:040mg/kg.
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of the Tanda Dam, where lead has the highest concentra-
tion, i.e., 12.5mg/kg, while cadmium has the lowest con-
centration, i.e., 0.16mg/kg in all metals. The metal
concentrations in the sediments were found in order of
concentration (mg/kg) as lead> nickel>zinc>copper>ir-
on>chromium>cadmium. The concentrations of iron, lead,
cadmium, and copper were above the permissible limit,
while the concentrations of zinc, chromium, and nickel
were below the WHO limit. The correlation of heavy
metal concentration is difficult, even between the same
organs of the different species. This is due to variations
of many factors, such as eating habits, whether carnivorous
or herbivores, the fish habitat in deep water regions, whether
surface feeder or bottom feeder, and age. Kamaruzzaman
et al. [31] observed that there is a correlation between mental
concentration and several basic fish variations such as fish
size, age, and genetic makeup.

Table 4 shows a comparison of the concentrations of
iron, nickel, copper, zinc, cadmium, chromium, and lead in
the two species. The highest concentration of iron among
all organs was recorded in the abdomen of Catla catla,
i.e., 9.82mg/kg. In the head, throat, tail, and wings, the
concentration of Hypophthalmichthys molitrix was higher
than that of Catla catla. The concentration of Fe in the
abdomen and scales of Catla catla was higher than that
of Hypophthalmichthys molitrix. Of all the organs, the
highest concentration was recorded in the Catla catla scales,
i.e., 13.74mg/kg. Compared to the Hypophthalmichthys
molitrix, the Catla catla had a higher concentration of nickel
in the fins, tail, scales, and gills. Only the head of the
Hypophthalmichthys molitrix showed a higher amount of
nickel than the Catla catla. The concentration of copper in
the head, abdomen, gills, and scales was higher in Catla catla
as compared toH. molitrix, while fins and tail ofHypophthal-
michthys molitrix showed a higher concentration of copper
than Catla catla. Compared to the Catla catla, the concentra-
tion of zinc in the head, abdomen, and tail of theHypophthal-
michthys molitrix was higher, while the gills, scales, and fins
of Catla catla had a higher concentration of zinc than
Hypophthalmichthys molitrix.

Compared to Hypophthalmichthys molitrix, the Catla
catla had a higher concentration of cadmium (Cd) in the
head, scales, fins, and gills, while the tail and abdomen of
the Hypophthalmichthys molitrix showed higher concentra-
tion than the Catla catla. In contrast to the Hypophthal-
michthys molitrix, the Catla catla had a higher

Table 4: Comparison of Fe, Ni, Cu, Zn, Cd, Cr, and Pb
concentrations (mg/kg) in the body of Hypophthalmichthys
molitrix and Catla catla collected from the water of the Tanda
Dam (mean value ± standard).

Heavy metals Parameters
H. molitrix Catla catla p≤

Temperature 273K

Fe

Head 5:50 ± 0:06 2:91 ± 0:02 0.1901

Gills 6:2 ± 0:02 5:46 ± 0:03 0.0419

Abdomen 3:60 ± 0:10 9:82 ± 0:05 0.2761

Tail 4:13 ± 0:02 1:63 ± 0:01 0.2605

Fins 2:62 ± 0:014 2:52 ± 0:02 0.0124

Scales 2:12 ± 0:013 2:45 ± 0:03 0.0461

Ni

Head 3:26 ± 0:04 2:75 ± 0:02 0.0537

Gills 2:70 ± 0:02 4:52 ± 0:01 0.0431

Abdomen 1:65 ± 0:03 2:70 ± 0:02 0.1529

Tail 1:728 ± 0:01 3:80 ± 0:05 0.2288

Fins 3:12 ± 0:03 4:40 ± 0:04 0.1073

Scales 3:13 ± 0:01 13:74 ± 0:01 0.3574

Cu

Head 0:11 ± 0:01 22:51 ± 0:01 0.4716

Gills 0:86 ± 0:03 4:66 ± 0:10 0.3832

Abdomen 1:072 ± 0:13 2:96 ± 0:04 0.2788

Tail 3:30 ± 0:02 3:15 ± 0:05 0.0142

Fins 3:92 ± 0:02 2:75 ± 0:02 0.1103

Scales 2:50 ± 0:01 4:43 ± 0:11 0.1735

Zn

Head 9:42 ± 0:82 4:56 ± 0:01 0.2131

Gills 4:02 ± 0:01 4:85 ± 0:03 0.0596

Abdomen 12:82 ± 0:11 11:34 ± 0:14 0.0390

Tail 10:19 ± 0:10 10:00 ± 0:08 0.0060

Fins 8:45 ± 0:018 10:69 ± 0:05 0.0742

Scales 5:97 ± 0:01 9:89 ± 0:04 0.1543

Cd

Head 0:03 ± 0:01 0:18 ± 0:01 0.3855

Gills 0:11 ± 0:01 0:14 ± 0:03 0.0792

Abdomen 0:11 ± 0:02 0:02 ± 0:02 0.4097

Tail 0:10 ± 0:01 0:08 ± 0:02 0.0577

Fins 0:06 ± 0:05 0:10 ± 0:04 0.1257

Scales 0:02 ± 0:01 0:14 ± 0:02 0.4296

Cr

Head 0:50 ± 0:01 0:53 ± 0:01 0.0199

Gills 0:46 ± 0:01 0:50 ± 0:01 0.0212

Abdomen 0:51 ± 0:02 0:53 ± 0:01 0.0098

Tail 0:54 ± 0:02 0:50 ± 0:02 0.0294

Fins 0:50 ± 0:01 0:35 ± 0:03 0.1071

Scales 0:48 ± 0:01 0:48 ± 0:02 0

Table 4: Continued.

Heavy metals Parameters
H. molitrix Catla catla p≤

Temperature 273K

Pb

Head 15:60 ± 0:05 21:20 ± 0:04 0.0961

Gills 17:15 ± 0:04 30:00 ± 0:09 0.1694

Abdomen 20:20 ± 0:06 22:24 ± 0:11 0.0306

Tail 14:32 ± 0:05 32:90 ± 0:14 0.2387

Fins 20:10 ± 0:13 25:60 ± 0:06 0.0763

Scales 22:50 ± 0:06 30:80 ± 0:10 0.0983
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concentration of chromium in the head, abdomen, and gills,
but the H. molitrix fins and tail had a higher concentration
of chromium than the Catla catla. The scales of both species

have an equal concentration of chromium. The concentra-
tion of lead was higher in all six organs of the Catla catla
than in the Hypophthalmichthys molitrix. The overall

Table 5: Total lipids % and age in different body parts of Hypophthalmichthys molitrix, Catla catla, and their comparison collected from the
water of Tanda Dam.

Organs
Fish species Comparison

Hypophthalmichthys molitrix lipids (%) Catla catla lipids (%) Lipid % of H. molitrix Lipid % of Catla catla p≤
Head 38.42 32.55 38.42 32.55 0.0525

Gills 23.47 22.08 23.47 22.08 0.0194

Abdomen 19.73 16.00 19.73 16.00 0.0662

Tail 16.51 14.73 16.51 14.73 0.0362

Fins 11.75 6.37 11.75 6.37 0.1837

Scales 3.05 1.58 3.05 1.58 0.1957

p value 0.0118 0.0184 — — —
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concentration of heavy metals, and especially that of lead,
was higher in Catla catla than in Hypophthalmichthys moli-
trix. This fact may be due to the reason that the Tanda Dam
is filled with floods of water from the catchment area of Dis-
trict Orakzai and Hangu. The erosion from unexplored
mountains and valleys is the cause of the higher concentra-
tion of Pb.

Table 5 represents the comparison of the complete lipid
percentage in the six body parts of both species. The data
shows that the lipid concentration in the head of
Hypophthalmichthys molitrix was higher (38.42%), while
the lipid concentration in the scales was the lowest
(3.05%). The Catla catla head has the highest lipid percent-
age, i.e., 32.55%, while scales have the lowest percentage

(1.58%). The recorded levels of lipid percentage in all six
organs of Catla catla and Hypophthalmichthys molitrix were
found in order of head>gills>abdomen>tail>fins>scales.
According to the literature, the lipid content of fish varies
over a wide range. [32–34] reported that lipids are found
mainly in subcutaneous tissues of fish such as the belly flap,
liver, head, muscles, and mesenteric tissues. The overall
comparison showed that the total percentage of lipids in all
six organs was greater in Hypophthalmichthys molitrix than
in Catla catla. Although the concentration of heavy metals
was higher in Catla catla than in Hypophthalmichthys moli-
trix, a heavy metal deposition allows biomolecules such as
carbohydrates, proteins, and lipids to decline via oxidative
damage. A decrease in lipid content in Catla catla tissues
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Figure 4: Comparison of heavy metal concentration (mg kg-1) in the body of Hypophthalmichthys molitrix and Catla catla.
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exposed to sublethal and lethal cadmium chloride concen-
tration was reported by Sobha et al. [35]. The effect of
heavy metals on lipid profiles has also been documented

by Levesque et al. and Defo et al. [36, 37], Dubale and
Shah [38], and Nowosad et al., Bazarsadueva et al., and
Pierron et al. [39–41].
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5. Conclusion

It was found that heavy metal accumulation decreases the
lipid quantity in fish. The heavy metal content of Catla catla
was higher than that of Hypophthalmichthys molitrix,
although the overall percentage of lipids in Catla catla was
smaller than that of Hypophthalmichthys molitrix. In both
fishes, the concentration of lead, iron, and nickel was found
above the permissible range as defined by the WHO, while
chromium, zinc, cadmium, and copper were found below
the permissible level. The concentration of these metals
was found different in different body parts of both fishes as
shown in Tables 1 and 2. This fact demonstrates the level
of accumulation of heavy metals in different tissues among
fish species. The deposition level of heavy metals also varies
with the aquatic environment. Furthermore, the presence of
subcutaneous tissues and their lipid content added their
effect to the accumulation of heavy metals. A higher accu-
mulation of metals and lower lipid profile was found for
Catla catla. The presence of heavy metals is associated with
oxidative stress conditions causing a lowering of the nutri-
tional index of fish via degrading biomolecules like lipids,
proteins, and carbohydrates. In water, the concentration of
all metals was above the permissible range, except for cop-
per, which was less than the permissible range. In the case
of sediments, lead, iron, copper, and cadmium were deter-
mined above the permissible level, but chromium, nickel,
and zinc were below the permissible range of WHO stan-
dard. Keeping in view the above findings, another detailed
study is required (data unpublished) where the factors are
important for the contamination of these water resources
and food (fish). Moreover, the mechanistic basis of heavy
metal toxicity is important to understand for essential evalu-
ation of health hazardous assessment.
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The present study reports the fish fauna of Gomal Zam Dam at three different sites from October 2018 to July 2019. The total
sampled fish belong to 18 species, 15 genera, 5 families, and 4 orders. Fourteen species belong to family Cyprinidae, which was
the most abundant, while one species belong to each family Mastacembelidae, Channidae, Siluridae, and Sisoridae. The
prominent species were Labeo dyochielus (18.6%), Barilius vagra (16.5%), and Barilius pakistanicus (13.8%), while the rare
species were Tor zhobensis, Wallago attu, Hyphophthalmicthys molitrix, Ctenophyrngodon idella, and Bagarius bagarius each
one forming (0.1%). Species were rich in spring with ideal temperature, followed by summer, whereas species abundance was
high in summer with high temperature and minimum abundance was recorded in autumn. In conclusion, the Gomal Zam
Dam is a favorable reservoir for the fish particularly for family Cyprinidae. This present study will provide useful information
about the diversity of fish fauna of Gomal Zam Dam that could be used in systematic fisheries management and conservation
of the country.

1. Introduction

Fish are an essential human food source, rich in protein, fats,
vitamins, phosphorus, and other fundamental elements. Fish
live in diverse habitats and are found from the Arctic to the
Antarctic zone of the world [1, 2]. Fish are distributed in
nearly all natural aquatic environments, from colder to
warmer. Based on feeding habits and other ecological fac-
tors, fish that live in warmer climates with relatively stable
temperatures are abundant by species count [3]. The rich
taxonomic and functional diversity of freshwater fish is due
to their habitat isolation [4]. Thus, the rich biodiversity of
freshwater ecosystems is the freshwater fishes [5]. Glaciated
regions have fewer fish fauna than temperate regions [6].

More than 27,977 species comprise 62 orders and 515 fami-
lies, with 450 families of freshwater fishes identified world-
wide [7].

Pakistan has diverse fish fauna due to its biogeographical
location, diversified agroclimatic conditions, and diverse
eco- and geodiversity. Pakistan covered a total area of
780,000 hectares with a total wetland area of 9.7%, of which
73% is covered by freshwater and 26.06% is by coastal wet-
lands [8, 9]. The country has 193 species of freshwater,
mainly belonging to the class Actinopterygii, subclass Tele-
ostei [10, 11]. Studies examined the biodiversity of fish spe-
cies in various water bodies in Khyber Pakhtunkhwa
province of Pakistan, including River Kurram at Bannu
[10–12] and Baran dam of district Bannu [13]. Khan et al.
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[14] recently determined the fish biodiversity of River Panj-
kora in both upper and lower Dir districts [14]. Ali et al. [15]
studied the diversity of freshwater fishes from different loca-
tions of district Malakand including the Meherdi stream,
Kharki stream, Wartier stream, Mahajar camp stream, and
Dargai streams. According to Rafique and Khan [11], there
are 193 freshwater fish species in Pakistan, including 5
superorders, 10 orders, 26 families, and 86 genera. The fish
biodiversity from River Barandu, Pakistan was studied, and
18 species were identified [16].

The Gomal Zam Dam is constructed on river Gomal,
originating from Afghanistan, and River Zhob emerging
from Baluchistan, industrial-free areas; hence, the biodiver-
sity of the Dam is conserved. Therefore, this study explored
the ichthyofauna of the Gomal Zam Dam at three different
sites and determined the physicochemical parameters of
water. This study is the first-ever effort to record this newly
constructed dam’s fish fauna. Thus, the study will be attrac-
tive to Pakistan’s fisheries sector and will add new under-
standings to the global fish industry.

2. Materials and Methods

2.1. Study Area. Gomal Zam Dam lies at 32°05′55″N and
69°52′53″E coordinates and is situated at Khajuri Katch of
district South Waziristan, Khyber Pakhtunkhwa, Pakistan
[17]. This dam impounds River Gomal, which emerges from
Ghazni, Afghanistan and River Zhob, which emerges from
Balochistan. The dam has been built for hydroelectric power
generation, flood control, irrigation, and fish cultivation [18].

2.2. Study Design. The present study was carried out from
October 2018 to July 2019 (10:00 am to 4:00 pm) and cov-
ered all the year’s four seasons. Fish were sampled from
three sites of the Dam (indicated in the map): Swai Nallah,
Dotani village, and Gomal Khulla (Figure 1). Our previous
protocol [16] was followed for fish and water sample collec-
tion. Sampling was carried out fortnightly from each site
with the help of local fishermen where they have used gill
nets with a length (10m to 20m), height (1.6m), and mesh
size of around 1.5 inches. Other nets like cast nets, drag nets,
hand nets, and hooks were also used wherever necessary.

Similarly, water samples were collected from each site to
determine its physicochemical parameters. Each catch was
handled separately, and the specimens were sorted species-
wise. The fish were preserved in 5-10% formalin for further
identification in plastic jars. Small-sized fishes were immedi-
ately placed in the formalin solution, whereas formalin injec-
tion was given into the bodies of large-sized fishes before
they were preserved in the formalin solution. The collection
date, locality, and serial numbers were given to each col-
lected and fixed fish species before they were saved in the
laboratories of Fisheries and Aquaculture, Department of
Animal Sciences, Quaid-I-Azam University Islamabad.

2.3. Fish Identification. The identification of the fish species
was done mainly based on the color pattern, specific spots
or marks on the body’s surface, shape of the body, structure

of various fins, and mouth shape. Identification was made
after consulting several standard keys and literature, such
as fishes of Punjab [19], freshwater fishes of the Indian
region [20], and Pakistan May Taza Pane Ke Machlian
[21]. During identification, different materials were used,
such as surgical gloves, China dish, forceps for holding fish,
measuring tape, facial masks, and a digital camera for cap-
turing fish pictures.

2.4. Indices Used to Determine the Diversity. The following
diversity indices were used to find fish species diversity.

2.5. Simpson’s Index of Diversity (D).

D = 1 − Σ pi2ð Þ ð1Þ

Here, pi = ni/N , where ni is the total no. of individuals of
a particular species and N is the total no. of individuals of all
species. Σ= sum.

2.6. Pielou’s Evenness. For calculating the evenness of spe-
cies, Pielou’s evenness index (E) was used [22].

E =H/In S, where H is the Shannon-Weiner diversity
index and S is the total number of species in the sample.

2.7. Shannon-Weiner Index (H). The diversity of species was
calculated following the Shannon-Weiner index (H), which
depends on the number of species present and the abun-
dance of each species.

H = Σ Pi log 2Pi, where H is the Shannon-Wiener index,
Pi = ni/N , Σ = Sum, ni is the number of individuals of each
species in the sample, and N is the total number of individ-
uals of all species in the sample.

2.8. Physicochemical Parameters of Water. Water samples
were collected as much as possible from the surface layer
in plastic canes, avoiding unpredictable changes. The tem-
perature, power of hydrogen ion concentration (pH), and
dissolved oxygen (DO) of water were observed fortnightly
on the spot. In contrast, other physicochemical parameters
such as electrical conductivity (EC), turbidity, salinity, and
total dissolved solids (TDS) were measured using respective
digital equipment in the laboratory of Fisheries and Aqua-
culture, Department of Animal Sciences, Quaid-I-Azam
University Islamabad.

2.9. Statistical Analysis. Statistically, SPSS version 26 was
used for regression and correlation analysis and the relation-
ship between variables was revealed.

3. Results

3.1. Fish Diversity of Gomal Zam Dam. In the present study,
703 fish specimens were collected from Gomal Zam Dam
from October to July fortnightly bases. These specimens
were identified as 18 species, 15 genera, 5 families, and 4
orders. Most of the species belonged to family Cyprinidae,
the most abundant family with 14 species, whereas one spe-
cies each belonged to families Siluridae, Sisoridae, Masta-
cembelidae, and Channidae. The observed/collected species
with their classification up to genus are shown in (Table 1).
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3.2. Distribution and Abundance of the Identified Fish Species

3.2.1. Tor putitora (Hamilton, 1822). Tor putitora was
found at all three sites, Swai Nallah, Gomal village, and
Gomal Khula. Highest abundance of Tor putitora was
recorded at Gomal village (36.36%), followed by both Swai
Nallah and Gomal Khula (31.81%) (Table 2). The highest
monthwise abundance was recorded in December
(19.31%), followed by January (15.9%), March (13.63%),
July (11%), June (8%), October (5.68%), November, Febru-
ary, and May (7.95%). The lowest value was recorded in
April (2.27%) (Table 3).

3.2.2. Cyprinion watsoni (Day, 1872). Cyprinion watsoni was
recorded from all three sites. The highest abundance was
recorded at Swai Nallah (43.9%), followed by Dotani village
(34.14%), and the lowest value was found at Gomal Khula

(21.95%) (Table 2). The highest abundance was recorded
in April (26.82%), followed by May, June, and July (15%),
November (12.19%), March (7.31%), and October (9.75%).
However, this species was not recorded in December, Janu-
ary, and February (Table 3).

3.2.3. Crossocheilus diplochilus (Heckel, 1838). Crossocheilus
diplochilus was recorded from all three sampling sites. The
highest abundance of Crossocheilus diplocheilus was found
at Swai Nallah (36.17%), followed by Gomal Khula
(34.04%), while the minimum number was recorded from
Dotani village (30%) (Table 2). Similarly, monthwise highest
abundance was recorded in June (34%), followed by July
(21%), of March and April (12.76%), May (10.63%), and
October (8.51%). In contrast, this fish was not recorded in
December, January, and February (Table 3).

3.2.4. Barilius pakistanicus (Mirza and Sadiq 1978). Barilius
pakistanicus was recorded from all three sites Swai Nallah,
Dotani village, and Gomal Khula. The high number of Bar-
ilius pakistanicus was found at Dotani village (38.14%),
followed by Gomal Khula (35.05%), and the lowest number
was found at Swai Nallah (Table 2). The maximum number
was recorded in April (27.27%), followed by July (20%),
March (18%), May (12.2%), and June (10%). While the low-
est value was recorded in October (6.06%), this species was
utterly absent in December, January and July (Table 3).

3.2.5. Barilius vagra (Hamilton, 1822). Barilius vagra was
recorded from all sites. High abundance was recorded from
Dotani village (37.93%), Swai Nallah (34.48%), and Gomal
Khula (27.58%). (Table 2). The highest abundance was
recorded in March (23.68%), followed by April (22.8%), July
(16%), June (13%), and May (10.52%), whereas in each
October and November (7.01%) but no species was found
in December, January, and February (Table 3).

3.2.6. Mastacembelus armatus (Lacepede, 1800). Mastacem-
belus armatus was also recorded from all three sites. Its max-
imum number was found at Swai Nallah (57.14%), followed
by Dotani village (28.57%), and the minimum number was

Table 1: Fish species reported in this study from Gomal Zam Dam.

Family Genus Species

Mastacembelidae Mastacembelus M. armatus

Channidae Channa C. marulius

Siluridae Wallago W. attu

Sisordiae Bagarius B. bagarius

Cyprinidae Tor
T. zhobensis,

T. putitora

// Barilus
B. pakistanicus,

B. vagra

// Labeo
dyochielus, diplostomus

L. diplostomus

// Cirrihinus C. reba

// Hyphophthalmicthys H. molitrix

// Ctenophyringodon C. idella

// Puntius P. sophore

// Crossochielus C. diplochielus

// Carassius C. auratus

Figure 1: Map and location of Gomal Zam Dam and its tributaries. The three sampling sites were shown in the map. The map was cropped
from Google Map and was edited accordingly.
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Table 2: Sitewise fish species recorded during the study from Gomal Zam Dam. The conservation status of each species was given according
to Bibi et al. [23] and IUCN 2021-3 [46].

Species Conservation status Swai Nallah, n (%) Dotani village, n (%) Gomal Khula, n (%) Ab RA %RA

T. putitora Endangered 28 (31.81) 32 (36.36) 28 (31.81) 88 0.13 12.52

C. watsoni Least concern 18 (43.90) 14 (34.14) 9 (21.95) 41 0.06 5.83

C. diplocheilus Least concern 17 (36.17) 14 (29.78) 16 (34.04) 47 0.07 6.69

B. pakistanicus Not evaluated 26 (26.80) 37 (38.14) 34 (35.05) 97 0.14 13.80

B. vagra Least concern 40 (34.48) 44 (37.93) 32 (27.58) 116 0.17 16.50

M. armatus Least concern 8 (57.14) 4 (28.57) 2 (14.28) 14 0.02 1.99

T. zhobensis Not evaluated 0 (0) 1 (100) 0 (0) 1 0.00 0.14

C. auratus Least concern 13 (31.70) 13 (31.70) 15 (36.58) 41 0.06 5.83

L. dycheilus Least concern 49 (37.40) 31 (23.66) 51 (38.93) 131 0.19 18.63

C. carpio Vulnerable 16 (43.24) 10 (27.02) 11 (29.72) 37 0.05 5.26

W. attu Near threatened 0 (0) 1 (100) 0 (0) 1 0.00 0.14

C. reba Least concern 10 (41.66) 6 (25) 8 (33.33) 24 0.03 3.41

L. diplostomus Least concern 10 (35.71) 9 (32.14) 9 (32.14) 28 0.04 3.98

H. molitrix Near threatened 0 (0) 1 (100) 0 (0) 1 0.00 0.14

C. marulius Least concern 2 (33.33) 1 (16.66) 3 (50) 6 0.01 0.85

C. idella Not evaluated 0 (0) 0 (0) 1 (100) 1 0.00 0.14

P. sophore Least concern 11 (39.28) 8 (28.57) 9 (32.14) 28 0.04 3.98

B. bagarius Near threatened 1 (100) 0 (0) 0 (0) 1 0.00 0.14

Total 249 226 228 703 1.00 100.0

Table 3: Monthwise abundance of fish species recorded during the study from Gomal Zam Dam.

Species
Oct.
n (%)

Nov.
n (%)

Dec.
n (%)

Jan.
n (%)

Feb.
n (%)

Mar.
n (%)

Apr.
n (%)

May
n (%)

June
n (%)

July
n (%)

Ab RA %RA

T. putitora 5 (5.7) 7 (7.2) 17 (19.3) 14 (15.9) 7 (7.) 12 (13.6) 2 (2.3) 7 (7.9) 7 (7.9) 10 (1.36) 88 0.13 12.5

C. watsoni 4 (9.8) 5 (12.2) 0 (0) 0 (0) 0 (0) 3 (7.3) 11 (26.8) 6 (14.6) 6 (14.6) 6 (14.6) 41 0.06 5.8

C.diplocheilus 4 (8.5) 0 (0) 0 (0) 0 (0) 0 (0) 6 (12.8) 6 (12.8) 5 (10.6) 16 (34.0) 10 (21.27) 47 0.07 6.7

B.pakistanicus 6 (6.1) 4 (4.0) 0 (0) 0 (0) 0 (0) 18 (18.2) 27 (27.3) 12 (12.1) 12 (12.1) 20 (20.2) 99 0.14 14.1

Bariliusvagra 8 (7.0) 8 (7.0) 0 (0) 0 (0) 0 (0) 27 (23.7) 26 (22.8) 12 (10.5) 15 (13.2) 18 (15.9) 114 0.16 16.2

M. armatus 1 (7.1) 0 (0) 0 (0) 1 (7.1) 0 (0) 0 (0) 0 (0) 3 (21.42) 4 (28.6) 5 (35.7) 14 0.02 1.9

T.zhobensis 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 0.00 0.1

C. auratus 0 (0) 2 (4.9) 3 (7.3) 5 (12.2) 4 (9.7) 9 (21.9) 9 (21.9) 2 (4.9) 4 (9.7) 3 (7.3) 41 0.06 5.8

L. dycheilus 0 (0) 14 (10.7) 13 (9.9) 20 (15.3) 16 (12.2) 8 (6.1) 11 (8.4) 6 (4.6) 25 (19.1) 18 (13.7) 131 0.19 18.63

C. carpio 0 (0) 1 (2.7) 5 (13.5) 1 (2.70) 2 (5.4) 3 (8.1) 4 (10.8) 4 (10.8) 3 (8.1) 14 (37.8) 37 0.05 5.26

W. attu 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 0.00 0.14

C. reba 0 (0) 0 (0) 1 (4) 2 (8) 5 (20) 3 (12) 0 (0) 4 (16) 4 (16) 6 (24) 25 0.04 3.56

L. diplostomus 0 (0) 0 (0) 0 (0) 2 (7.4) 2 (7.4) 4 (14.8) 3 (11.1) 1 (3.7) 8 (29.62) 7 (25.92) 27 0.04 3.84

H. molitrix 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 0.00 0.14

C. marulius 0 (0) 0 (0) 1 (16.7) 1 (16.7) 1 (16.7) 0 (0) 1 (16.7) 2 (33.3) 0 (0) 0 (0) 6 0.01 0.85

C. idella 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 0.00 0.14

P. spore 0 (0) 1 (3.6) 0 (0) 0 (0) 2 (7.1) 0 (0) 0 (0) 12 (42.8) 6 (21.4) 7 (25) 28 0.04 3.98

B. bagarius 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 1 0.00 0.14

Grand total 28 43 40 46 42 93 100 76 110 125 703 1 100
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recorded at Gomal Khula (14.28%) (Table 2), whereas the
maximum number was found in July (36%), followed by
June (29%) and May (21.42%), while both in October and
January (7.14%). This species was absent in November,
December, February, March, and April (Table 3).

3.2.7. Tor zhobensis (Mirza, 1967). Tor zhobensis was
recorded merely at Dotani village and not found at Swai Nal-
lah and Gomal Khula (Table 2). A single specimen of this
species was recorded in November, utterly absent in Octo-
ber, December, January, February, March, April, May, June,
and July (Table 3).

3.2.8. Carassius auratus (Linnaeus, 1758). Carassius auratus
was recorded from all three sites. The highest abundance
was found at Gomal Khula (36.58%), followed by both Swai
Nallah and Dotani village (31.7%) (Table 2). The highest
abundance was recorded in March and April (21.95%),
followed by January (12.9%), June (10%), February
(7.31%), December (7%), and July (9.75%), then in Novem-
ber and May (4.87%). It remained absent in October
(Table 3).

3.2.9. Labeo dyocheilus (McClelland, 1839). Labeo dyocheilus
was present at all three sites. The highest number was
recorded from Gomal Khula (38.93%), followed by Swai
Nallah (37.4%), and the lowest number was found at Dotani
village (23.66%) (Table 2). Maximum abundance was found

in June (19%), followed by January (15.26%) July (14%),
February (12.21%), November (10.68%), December
(9.92%), April (8.39%), and March (6.1%), while the lowest
number was recorded in May (4.58%). However, this species
was not found during October (Table 3).

3.2.10. Cyprinus carpio (Linnaeus, 1758). Cyprinus carpio
was recorded from the three selected sites, but it was most
abundant at Swai Nallah (43.24%), while at Gomal Khula
(29.72%) and Dotani village (27.02%) it was not that abun-
dant (Table 2). The highest percentage was recorded in July
(38%), followed by December (13.51%), both in April and
May (10.81%), and in March (8.1%), June (8%), and Febru-
ary (5.4%). The lowest number was found in November and
January (2.7%), whereas absent in October (Table 3).

3.2.11. Wallago attu (Bloch and Schneider, 1801). Wallago
attu was recorded only at Dotani village, and no specimen
was found at Swai Nallah and Gomal Khula (Table 2). High
abundance was noted in February (100%) but remained
absent in October, November, December, January, March,
April, May, June, and July (Table 3).

3.2.12. Cirrhinus reba (Hamilton, 1822). Cirrhinus reba was
recorded from all three sites. It was most abundant at Swai
Nallah (41.66%), Gomal Khula (33.33%), and least abundant
at Dotani village (25%) (Table 2). The highest number was
recorded in July (24%) followed by February (20%), whereas
in each May and June (1%), which was followed by March
(12%), June (8%), and December (4%). However, this species
was not recorded in October, November, and April
(Table 3).

3.2.13. Labeo diplostomus (Heckel, 1838). Labeo diplostomus
was recorded from all three sites, and their highest number
was recorded at Swai Nallah (35.71%), followed by each
Dotani village and Gomal Khula (32.14%) (Table 2). The
largest number was recorded in the month of June (30%),
followed by July (26%), March (14.81%), April (11.11%),
and each January and February (7.4%). In contrast, it was
not found in October, November, and December (Table 3).

3.2.14. Hypophthalmichthys molitrix (Valenciennes, 1844).
Hypophthalmichthys molitrix was only found at Dotani vil-
lage and not seen at Swai Nallah and Gomal Khula
(Table 2). A single specimen was recorded in February but
remained absent during all the months (Table 3).

Table 4: Different ichthyodiversity-related parameter recorded monthwise in the study from Gomal Zam Dam.

Parameters
Months

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July

Species richness 6 6 4 7 10 6 6 9 8 9

Species abundance 28 43 40 46 42 93 100 76 110 125

S-Wiener index 1.67 1.85 1.37 1.49 1.93 1.92 1.93 2.36 2.27 2.37

S-diversity index 0.8 0.81 0.69 0.7 0.79 0.84 0.82 0.89 0.88 0.89

P-evenness index 0.5 0.49 0.37 0.39 0.52 0.49 0.42 0.52 0.48 0.49

Relative abundance 0.21 0.06 0.05 0.06 0.05 0.013 0.14 0.1 0.15 0.17

%RA 21.4 6.11 5.68 6.54 5.97 13.22 14.22 10.81 15.64 17.78

Table 5: Different ichthyodiversity-related parameter recorded
sitewise in the study from Gomal Zam Dam.

Parameters
Study sites

Swai
Nallah

Dotani
village

Gomal
Khula

Species richness 14 13 14

Species abundance 249 226 228

Shannon-Wiener
index

2.37 2.32 2.29

Simpson diversity
index

0.89 0.88 0.88

Pielious’ evenness
index

0.43 0.43 0.42

Relative abundance 0.35 0.32 0.32

%R A 35 32.14 32.43
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3.2.15. Channa marulius (Hamilton, 1822). Channa maru-
lius was recorded from all three sites and high abundance
at Gomal Khula (50%), followed by Swai Nallah (33.33%)
and the lowest number at Dotani village (16.66%)
(Table 2). The maximum number was found in May
(33.33%), followed by December, January, February, and
April (16.66%), while this species was absent in March, June,
July, October and November (Table 3).

3.2.16. Ctenopharyngodon idella (Valenciennes, 1844).
Ctenopharyngodon idella was found only at Gomal Khula
(100%) and was absent at the other two sites (Table 2). High
abundance was found during February (100%), whereas it
was lacking in October, November, December, January,
March, April, May, June, and July (Table 3).

3.2.17. Puntius sophore (Hamilton, 1822). Puntius sophore
was recorded from all three sites. The highest number was
recorded from Swai Nallah (39.28%), followed by Gomal
Khula (32.14%), while the lowest number was at Dotani vil-
lage (28.57%) (Table 2). Maximum abundance was recorded
in May (42.85%) followed by July (25%), June (7.14%), Feb-
ruary (3.57%), and November (21%). This species was not
recorded in December, January, March, and April (Table 3).

3.2.18. Bagarius bagarius (Hamilton, 1822). This species was
recorded at Swai Nallah and absent at Dotani village and
Gomal Khula (Table 2). It was found during July but was
not recorded in October, November, December, January,
February, March, April, May, and June (Table 3).

The species richness, species abundance, S-Wiener
index, S-diversity index, P-evenness index, and relative
abundance (%R) was given in Table 4. The highest richness
was found in February (10), followed by May and July (9),
June (8), January (7), March, April, October, November
(6), and December (4). Species abundance was high in July
(125), while minimum abundance was recorded in October
(28). The Shannon-Weiner index (H) greater value (2.37)
was recorded as high during July and lower in October
(1.67). The value of the Simpson diversity index (D) for
December was (0.69) and the highest for July (0.89). The
value of Pielious’ evenness (J) was found lower in December
(0.37) and higher during July and March (0.49). The relative
abundance was highest (21.4) in October while lowest (5.68)
in December (Table 4).

The value of species richness at Swai Nallah and Gomal
Khula was recorded (14), while at Dotani village, the species
richness was 13. The highest value of species abundance was
calculated at Swai Nallah (249), followed by Gomal Khula
(228) and Dotani village (226). The value of Shannon-
Weiner (H) at Swai Nallah was higher (2.37) than Gomal
Khula (2.29) and (2.32) at Dotani village. Similarly, the
Simpson diversity index (D) at Dotani village was (0.88)
higher than Swai Nallah (0.89) and Gomal Khula (0.88). Pie-
lious’ evenness index (E) was similar both at Swai Nallah
and Dotani village (0.43), followed by Gomal Khula (0.42).
The relative abundance was highest at Swai Nallah (0.35),
while its value at Dotani village and Gomal Khula was
0.32. The % RA was also highest (35) at Swai Nallah, while
its value was 32.14 at Dotani village and was 32.43 at Gomal
Khula (Table 5).

3.3. Water Quality Parameters. The physicochemical param-
eters of water are shown in Table 6. The temperature, pH,
dissolved oxygen, total dissolved solids, electrical conductiv-
ity, salinity, and turbidity were recorded the same at Swai
Nallah, Dotani village, and Gomal Khula (Table 6).

The correlation and regression tests were conducted for
finding out the relationship between temperature, pH, DO,
TDS, EC, salinity, and turbidity with fish abundance
Figure 2. The correlation was positive between temperature
and fish abundance (r = 0:887). In regression analysis, the
y value was 3:955x + −12:02 and R2 was 0.786. The correla-
tion between pH and fish abundance (r = 0:887) was also
positive, and in the regression test, the y value was 11:5:7x
+ −852:5 and R2 was 0.862. The correlation between DO
and fish abundance (r = 0:967) was negative (Table 7),
whereas in the regression test, the y value was 72:48x + −
414:6 and value of R2 was 0.934. Similarly, the negative corre-
lation (r = −0:0745) was found between TDS and fish abun-
dance (Table 7). The regression for TDS showed that the y
value was −0:047x + 97:21 and R2 was 0.005. The correlation
between EC and fish abundance was negative (r = −0:922),
and its regression showed that the y value was −2:575x +
28:56 and R2 was 0.851. The correlation between salinity and
fish abundance was negative (r = −0:8783), whereas its regres-
sion test showed that the y value was −1066x + 637:4 and R2

was 0.771. Lastly, the correlation between turbidity and fish
abundance was negative (r = −0:909) and its regression test

Table 6: Mean ± SD of physicochemical parameters from the studied sites of Gomal Zam Dam.

Variables Units Swai Nallah Dotani village Gomal Khula

Temp °C 20:81 ± 7:78 20:13 ± 6:99 20:49 ± 7:42
pH pH unit 7:97 ± 0:26 7:73 ± 0:27 7:73 ± 0:27
DO mg/L 6:53 ± 0:53 6:65 ± 0:98 6:78 ± 0:82
TDS mg/L 518:9 ± 12:36 545:10 ± 13:11 519:10 ± 12:36
EC μS/cm 1074:6 ± 15:04 1080:60 ± 17:73 1075:50 ± 25:55
Salinity mg/L 0:52 ± 0:03 0:53 ± 0:03 0:53 ± 0:03
Turbidity mg/L 2:04 ± 0:26 2:00 ± 0:29 2:07 ± 0:35
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showed that its y value was −145:8x + 351:7 and R2 value was
0.825 (Table 7 and Figure 2).

4. Discussion

The study of the fish fauna of Gomal Zam Dam was carried
out from October 2018 to July 2019. A total of 18 fish species
belonging to 10 families, 4 orders, and 15 genera were
reported from the studied sites. Based on species richness
and percentage composition, order Cypriniformes was dom-
inant with (14 species), followed by order Siluriformes (2

species), Channiformes, and Mastacembeliformes (1 species
each). The ichthyodiversity of Gomal Zam Dam consists of 5
families: Cyprinidae, Siluridae, Sisoridae, Mastacembelidae,
and Channidae. The fish species we report are mainly in line
with the studies conducted previously in the same region on
River Zhob, [24] and water bodies of Dera Ghazi Khan
region [25, 26]. The shared reported species between our
and previous studies were Cyprinion watsoni, Labeo dyochie-
lus, Cirrihins reba, Barilius pakistanicus, Tor putitora, Tor
zhobensis, and Mastacembelus armatus. However, we did
not find some previously reported species such as Labeo

0 5

Fi
sh

 ab
un

da
nc

e

R
2 = 0.786

10 15 20 25 30 35
Temperature

140

120

100

80

Y = 3.955x – 12.02

(a)

7.5 7.6 7.7 7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6
pH

140

100

80

60

Fi
sh

 ab
un

da
nc

e

Y = 115.7x – 852.5

R
2 = 0.743

(b)

140

120

100

80

60

0 1 2 3 4 5 6 7 8

Fi
sh

 ab
un

da
nc

e

Dissolved oxygen

Y = 72.48x – 414.6
R

2 = 0.934

(c)

0 100 200 300 400 500 600 700 800

140

120

100

80

60

40

Total dissolved solid

Fi
sh

 ab
un

da
nc

e

R
2 = 0.005

Y = –0.047x + 97.21

(d)

10651060 1070 1075 1080 1085 1090 1095 1100

140

120

100

80

60

40

20

0

Y = –2.575x + 2856

R
2 = 0.851

Electric conductivity

Fi
sh

 ab
un

da
nc

e

(e)

140

120

100

80

60

40
0.49 0.5 0.51 0.52 0.53 0.54 0.55 0.56 0.57 0.58 0.59

Salinity

Fi
sh

 ab
un

da
nc

e

Y = –1066x + 637.4

R
2 = 0.771

(f)

140

120

100

80

60

40
0 0.5 1 1.5 2 2.5

Turbidity

Fi
sh

 ab
un

da
nc

e

Y = –145.8x + 351.7

R
2 = 0.825

(g)

Figure 2: The regression between water quality parameters and fish abundance. Values for each parameter (a–g) are shown in x-axis while
fish abundance is shown in y-axis, respectively.
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rohita, Puntius tictto, Crossochielus latus, Aspidoparia, Schi-
zocypris brucei, schizopygopsis stolizkae, Botia lohacheta,
Glyptothorax naziri, Schistura kessleri, Schitura arifi, and
Mastacembelus punculus; this may be due to anthropogenic
activities, illegal fishing, and particularly environmental fac-
tors because dams cause destruction of habitats of fish spe-
cies and produce negative outcomes on biodiversity [27].
Human pressure, overexploitation of resources, habitat loss,
and degradation of breeding grounds led to the unrecorded
extinction of the restricted range species [28]. Previously,
Barilius pakistanicus was the least abundant species from
River Zhob represented by a single specimen. At the same
time, we report it as one of the most abundant species form-
ing (14.08%) of the total collection. Similarly, Crossocheilus
diplocheilus was reported as least diverse previously, but
our study represented it by 6.69%. Cyprinion watsoni was
reported to be the most abundant species of River Zhob by
both [24, 29]. In contrast, its present status in Gomal Zam
Dam is 5.83%. Barilius vagra is the second most abundant
(16.22%) species in the present study and was also reported
by [29]. However, [24] did not report it previously from the
regional River Zhob. These results may indicate that the
favorability of the environment is proportional to fish diver-
sity [30]. Garra gotyla and Schizothorax plagiostomus were
reported from Khanozai Dam [29]; however, it was not
reported from River Zhob [24], and these two species were
accordingly not reported. This may be due to global warm-
ing [31] or S. plagiostomus, a cold-water species living at
high altitudes [32]. Tor was also reported previously [24],
and accordingly, this species was abundant in our study
(12.52%). This indicates that the warm water of Gomal
Zam Dam is very suitable for T. putitora.

In the present study, different indices were used for find-
ing icthyodiversity, such as the Simpson diversity index,
which is the probability of whether two individual fish taken
from a huge community belong to a different species. This
index has a value that ranges between 0 and 1. The larger
the value, the more prominent will be the diversity sample
[33]. In the present study, the values of the Simpson diver-
sity index ranged from 0.88 to 0.89 at the three different
sampling sites, with an overall value of 0.88 representing
greater diversity for the entire region [34]. Shannon’s index

is the diversity (species number and evenness) comparison
among different sites [35, 36]. In our study, Shannon’s index
value ranged from 2.29 to 2.37 in all three sampling sites,
with an overall value of 2.32. The usual value of Shannon’s
Index range between 1.5 and 3.5, whereas elevated values
indicate larger diversity [37]. Evenness indices (E) are used
for abundance standardization [38]. Its values are consid-
ered near 0 when most individuals belong to a few species,
and its values are close to 1 when species are nearly equally
abundant [38]. In the present study, the evenness index
ranged from 0.42 to 0.43 for three sampling sites with an
overall value of 0.42. This means that most individuals
belong to a few species at most of the selected sampling sites.

Physicochemical analysis of water is the prime consider-
ation to assess its fitness to be used by aquatic animals. In the
present study, water temperature ranged from 13.2-33°C to
air temperature (15.8-37°C). Hasan et al. [39, 40] reported
a maximum water temperature (30.5°C) in July, which is less
compared to the temperature (31.8°C) we reported in June.
This maximum reported temperature falls entirely in the
intolerable range for the identified fish species [41]. The pro-
ductivity of a water body depends on hydrogen ion concen-
tration (pH) which indicates the acidity or alkalinity of
water. pH ranges from 6.4 to 8.3 are favorable for fish
growth and survival [42]. The water of Gomal Zam Dam
was found to be alkaline in nature, and the pH ranged 7.3
to 8.5. In the summer months, pH values were recorded
higher than in other months. This may be due to increased
photosynthetic activities, which increase the nutrient con-
centration at higher temperatures. The solubility of drinking
water can be determined by TDS because it is an important
physical parameter. During the present study, the values of
TDS ranged between 500 and 567ppm. Hasan et al. [39]
recorded a TDS value of 111.1–139.2 ppm while working
on the physicochemical parameters of River Panjkora. The
increased value of TDS indicates water pollution [43]. Dis-
solved oxygen is essential to all aquatic organisms and is
used as an index for net biomass production [44]. The pres-
ent study’s range varied from 5.5 to 7.9mg/L. Its concentra-
tion in water depends mainly upon dissolved salts,
temperature, pollution load, photosynthetic activity, respira-
tion rate, and velocity of wind [45]. The composition of the
particles, presence of dissolved, suspended solids, and size
and shape of particles are the various factors that affect the
turbidity of water. In the present study, turbidity was mea-
sured as 0.50-2.7. Water quality measurements that can help
characterize turbidity include total suspended solids, volatile
suspended solids, total dissolved solids, and suspended sedi-
ment concentration.

This pioneering study reported 18 fish species domi-
nantly of the family Cyprinidae from the three new sites of
Gomal Zam Dam. The species abundance was highest from
May to July and lowest from December to February. Species
richness was maximum at Swai Nallah and Gomal Khula,
while it was minimum at Dotani village. We recommend
further studies to explore other undiscovered water bodies
of Pakistan for ichthyofaunal diversity. Moreover, we recom-
mend DNA-based identification for taxonomic and evolu-
tionary allocation of the fish.

Table 7: Correlation analysis of water quality parameters versus
fish abundance.

Variable
Correlation values

(r)
Correlation

status

Temp vs. fish abundance 0.887 Positive

PH vs. fish abundance 0.86 Positive

DO vs. fish abundance 0.96 Positive

TDS vs. fish abundance -0.074 Negative

EC vs. fish abundance -0.92 Negative

Salinity vs. fish abundance -0.87 Negative

Turbidity vs. fish
abundance

-0.90 Negative
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Data Availability

The data was generated from record of the survey conducted
during the field visit on hard paper; therefore, it cannot be
converted into soft form to be available online.
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The Peelu (Salvadora oleoides Decne.) fruit is well known for its nutritional and medicinal values. The current study analyzed the
chemical composition of Salvadora oleoides fruit. Fresh Peelu fruits were harvested, and physicochemical properties, proximate
composition, macro- and micronutrients, and phytochemical properties were determined. Moreover, ethanol and methanol
fruit extract was analyzed for physicochemical properties. The Peelu fruit seemed to be a potential source of essential macro-
((nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), and magnesium (Mg)) and micronutrients (zinc (Zn),
manganese (Mn), iron (Fe), and copper (Cu)). The fruit had significant biochemical properties (total soluble solids (TSS), total
acidity (TA), and TSS : TA ratio) with appreciable moisture, crude fiber, and ash contents. The fruit extracts demonstrated
significantly higher antioxidants and phenolics, ascorbic acid contents, and carotenoids. Phytochemical screening of fruit
revealed the presence of coumarins, flavonoids, phlobatannins, tannins, and terpenoids. Physicochemical and sensory
evaluation of extracts indicated its potential for further in vivo study trials. The Peelu fruit was found to be a good source of
mineral nutrients, proximate contents, vitamins (ascorbic acid and carotenoid), phytochemicals (total phenolic sand
antioxidant contents), and pharmaceutically important metabolites that can be used as functional drink.
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1. Introduction

Peelu (Salvadora oleoides Decne.) is a member of the Salve-
doraceae family comprising of three genera, i.e., Azima,
Dobera, and Salvadora. Ten (10) species of this family are
mainly distributed in tropical and subtropical regions of
Africa and Asia [1]. In Pakistan, the family is represented
by a single genus Salvadora, with two species, i.e., S. persica
and S. oleoides [2]. Recently a new species S. alii has also
been reported and described from Sindh province of the
country [3, 4]. The Salvadora species can grow in saline,
arid, and semiarid regions [5] and serve as an excellent
source of food for camels and goats. Moreover, the effective
plantations can be used as shelterbelts and windbreaks [6].

It is considered a shrub or tree, 4-10m in height with a
twisted trunk. The plant had deep root system and usually
known as xerophytes and facultative halophytes with high
tolerance to salinity [2]. Leaves are simple, small, and high
in number. It is a cross-pollinated plant [4] having
greenish-white and greenish-yellow flowers born in leaves
axil [6]. The fruit is a small, globose, smooth drupe with
red yellow or purple color. The fruits ripen during May
and June [6]. The fruit is sweet and peppery in taste with a
pungent smell and eaten when fully ripe. Seed oil is pale
green that is not fit for consumption [7]. Several therapeutic
and industrial uses are well known about this plant which
encourage the scientist in exploring more information about
this medicinal plant [4]. The plant is well known for its anti-
ulcer, antifungal, antiparasitic, antiviral, and antibacterial
properties [8–10]. Leaves are used in the treatment of open
wounds and act as a blood purifier and cooling agent. The
stem is used to cure fever, asthma, cough, leprosy, rheuma-
tism, and anthelmintic with diuretic properties [5]. Roots
are effective against chest and teeth diseases [11, 12]. The
oil can be used to manufacture candles, while oil cake is used
as feed for animals [13].

Apart from the medicinal and nutritional importance,
Peelu is a wild ignored crop with a high commercial poten-
tial for consumption and value addition. The prevalence of
this plant is decreasing swiftly which may cause its extinc-
tion in the near future. Therefore, this valuable species could
be conserved through exploring and promoting its commer-
cial value. The current study examined the nutritional status
of Peelu fruits. The results of the study would improve the
understanding and importance of the nutritional value of
the plant.

2. Materials and Methods

The Peelu fruits were harvested from a commercial field
(29°06′12.64″ N 70°19′30.14″ E) by considering size unifor-
mity and free from disease infestation. The characterization
of nutritional composition was performed at Postharvest
Laboratory, MNS-University of Agriculture, Multan, Paki-
stan under 30 ± 5°C temperature and 60-65% and relative
humidity. Furthermore, proximate composition, mineral
quantification, and phytochemical composition were
explored. Hundred (100) grams of Peelu fruits were used
as an experimental unit and replicated four times.

2.1. Compositional Analysis

2.1.1. Moisture (%). The moisture contents of the Peelu fruit
were determined by method no. 44-15 according to AACC
[14]. The sample was dried in a hot air oven at 105 ± 5°C till
constant weight. The mathematical expression to compute
the moisture percentage is given in

Moisture %ð Þ = Fresh weight gð Þ −Oven dried weight gð Þ
Fresh weight gð Þ × 100: ð1Þ

2.1.2. Crude Fat (%). Crude fat was determined by the Soxh-
let apparatus. The 2 g sample was placed in a paper thimble
after removing moisture. Fat extraction was done with 75 to
100mL diethyl ether or hexane. The extraction procedure
was repeated four times with solvent. The heat was turned
off after the completion of washing. The sample was placed
in a hot air oven for the removal of solvent residues followed
by cooling in a desiccator. The percentage of crude fat was
computed according to

Crude fat %ð Þ = Sample weight with fat − Sample weightwithout fat gð Þ
Sample weight gð Þ × 100: ð2Þ

2.1.3. Crude Protein (%). The crude protein was estimated by
the Kjeldahl method. A 5 g sample was added in a pre-
weighed digestion flask to which 3 g digestion mixture con-
taining copper sulfate (CuSO4), potassium sulfate (K2SO4),
and ferrous sulfate (Fe2SO4) at the ratio of 5 : 94 : 1, and
25-30mL sulfuric acid was added. The flask was placed on
a burner and heated until 2-3mL of the solution was left.
The sample was then diluted up to 50mL. Afterwards,
10mL of the sample and 10mL of NaOH (40%) were added
in the reaction flask of the Kjeldahl apparatus. The 10mL of
boric acid (4%) was added to the receiving beaker of the
Kjeldahl apparatus. The distillation continued until the vol-
ume of boric acid reached 20-22mL and turned yellow. It
was titrated with 0.1N H2SO4 and N was computed accord-
ing to equation (3). Form the determined N percentage,
crude protein was calculated according to

N %ð Þ = 0:0014 × volume of 0:1N sulfuric acid × Volume of dilution
Weight of sample × Volume of sample taken × 100,

Crude protein% =N% × 6:25:

ð3Þ

2.1.4. Crude Fiber (%). Crude fiber was determined in four
steps. Primarily, a fat-free sample was added with 200mL
of boiling sulfuric acid (1.25%) till simmering (70-80°C).
Afterwards, the sample was filtered with a linen cloth in
the fluted funnel. In the second step, the acid-treated sample
was subjected to alkaline medium of NaOH (1.25%)
followed by heating, simmering, and filtration. In the third
step, the treated sample was subjected to moisture removal
according to the standard protocol. The weight of the sample
obtained after moisture removal was denoted asW1. Finally,
ashing was carried out. The weight of the sample after ashing
was designated as W2. The cured fiber was calculated
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according to

Crude fiber %ð Þ = W1 −W2
Weight of sample × 100: ð4Þ

2.1.5. Ash (%). The ash (%) content was estimated by Muffle
Furnace (MF-1/02, PCSIR, Pakistan). The 3 g dry sample
was incinerated after charring in Muffle Furnace according
to Method 08-01 AACC [14] at 550°C till grayish-white res-
idue. The ash content was computed by using

Ash %ð Þ = Weight of ash gð Þ
Weight of sample gð Þ × 100: ð5Þ

2.2. Mineral Profiling. The fresh fruits were washed with dis-
tilled water and dried in a hot air oven at 105°C till constant
weight. The dried fruits were ground proceeded by acid
digestion. The resultant solution was used to determine var-
ious mineral nutrients as nitrogen (N) by the micro-Kjeldahl
method, phosphorus (P) by vanadomolybdo analysis, and
potassium (K) by flame photometer as elaborated by Ullah
et al. [15]. Additionally, other elements as Zn, Ca, Mn, and
Fe were estimated by an Atomic Absorption Spectropho-
tometer (2-8200 Series Polarized Zeeman, Hitachi, Japan)
by using a hollow cathode lamp [15].

2.3. Phenolic and Antioxidants. The ascorbic acid was deter-
mined by following the protocol of Kumar et al. [4] using tri-
chloroacetic acid as reference. Moreover, ascorbic acid

contents were calculated using the standard curve of L-
ascorbic acid and expressed as μg·100 g-1·DW. Total caroten-
oids were determined and expressed as μg·g-1 of β-carotene
equivalent [16]. Total phenolic contents (TPC) were esti-
mated by following Folin–Ciocalteu (FC) method as dis-
cussed by Razzaq et al. [17]. The concentration of TPC
was showed as mg GAE·100 g-1. The antioxidant activity
was measured through 2,2-diphenyl-1-picrylhydrazyl radical
(DPPH) by spectrophotometer in ELX800 Microplate
Reader (Bio-Tek Instruments, Inc., Winooski, VT, USA) as
outlined by Mimica-Dukić et al. [18] and was expressed as
%. The inhibition percentage was computed according to

Inhibition %ð Þ = AB −AA
AB × 100, ð6Þ

where AB is the absorption of a blank sample and AA is
the absorbance of the tested sample.

2.4. Tannins, Coumarins, Phlobatannins, Flavonoids, and
Terpenoids. The fruit pulp (50mg) was boiled in distilled
water (20mL) followed by filtration. After boiling, FeCl3
(0.1%) was added to the filtrate and a color change was
noticed as blue-black or brownish-green as evidence of tan-
nin presence. For the determination of coumarins, a fruit
sample (300 g) was added to a test tube covered with a filter
paper soaked in NaOH (1N). The sample containing the test
tube was placed in a hot water bath. The filter paper was
removed and the sample was observed under UV light.
The appearance of a yellow color indicated the presence of
coumarins. In a small test tube, 300mg of fruit was covered
with filter paper moistened with 1N NaOH. The test tube
was placed in a boiling water bath for few minutes. After
removing the filter paper, it was examined under UV light,
yellow fluorescence indicated the presence of coumarins.
The Peelu fruit was boiled in diluted hydrochloric acid
(1%). The resultant deposition of red-colored precipitates
indicated the occurrence of phlobatannins. The fruit sample
(50mg) was added in 100mL of distilled water to obtain a
filtrate. In the prepared filtrate, 5mL of dilute ammonia
solution plus few drops of concentrated H2SO4. The flavo-
noids were confirmed by the appearance of the yellow color
[19]. The determination of terpenoids was done by taking
5mL of fruit pulp tissues with a dilution of 1mgmL-1, mixed
with 2mL chloroform and 3mL of concentrated H2SO4. The
reddish-brown color indicated the presence of terpenoids as
described by Saeed et al. [19].

2.5. Biochemical Analysis. The total soluble solids (TSS) were
measured by a digital refractometer (ATAGO, RX5000,
Atago Co. Ltd., Itabashi-ku, Tokyo, Japan) and expressed
as °Brix. The total acidity (TA) was assessed via the acid-
base titration method. The juice sample was titrated against
NaOH (0.1N) by using a phenolphthalein indicator. The pH
of juice was estimated through a digital pH meter (Starter
3100 OHAUS Corporation, USA).

2.6. Functional/Nutraceutical Drink. Functional drink
(Nutra-1) was developed by using various ingredients
include citric acid, carboxymethylcellulose (CMC),

Table 1: Compositional analysis (%) of Salvadora oleoides fruit.

Parameters Minimum Maximum Mean∗

Moisture contents 54.07 71.23 63:23 ± 6:3
Crude protein 2.53 6.04 4:23 ± 1:32
Crude fat 5.35 9.76 7:19 ± 2:09
Crude fiber 4.95 13.21 8:75 ± 3:02
Ash 5.53 12.67 8:78 ± 2:57
∗Mean ± SD.

Table 2: Minerals (mg·100 g-1·DW) composition of Salvadora
oleoides fruit.

Parameters Maximum Minimum Mean∗

Nitrogen (N) 245.23 182.43 209:35 ± 22:64
Phosphorus (P) 101.56 65.78 85:08 ± 12:62
Potassium (K) 695.24 536.89 631:56 ± 60:81
Calcium (Ca) 589.78 422.76 507:56 ± 57:68
Magnesium (Mg) 127.56 100.98 113:79 ± 11:30
Iron (Fe) 9123.67 6758.34 8068:12 ± 938:53
Manganese (Mn) 678.9 645.78 656:84 ± 12:15
Zinc (Zn) 674.21 445.21 532:05 ± 97:24
Copper (Cu) 672.67 450.67 556:98 ± 88:75
∗Mean ± SD.
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aspartame, sodium benzoate, flavor, and food-grade color
along with propolis extract of following treatments at the
dose rate of 400mg/500mL of the functional drink. The
treatment planning of drinks was designed as T0 (placebo),
T1 (functional drink with ethanol extract of Peelu), and T2
(functional drink with methanol of extract of Peelu).

2.7. Functional Drink Analysis. The functional drinks were
analyzed for their physicochemical attributes including
TSS, TA, and pH. Sensory evaluation (color, flavor, sweet-
ness, sourness, and overall acceptability) was done by using
the 9-point hedonic scale (9 = extremely like, 1 = extremely
dislike) as specified by Meilgaard et al. [20] during 10 days
intervals of storage period (30 days).

2.8. Statistical Analysis. The experiment was carried out
according to completely randomized design (CRD) with
four replications. The data regarding different studied attri-
butes were analyzed by descriptive statistics and presented.
Statistix® statistical software was used for the data analysis
[21]. The data regarding nutritional composition of func-
tional drinks were analyzed by one-way analysis of variance
(ANOVA). The normality in the data was tested indicating
that the data had normal distribution. Therefore, the original
data were used in the analysis. The least significant differ-
ence test at 95% probability was used to compare the means
where ANOVA indicated significant differences.

3. Results and Discussion

3.1. Compositional Analysis. The compositional profiling of
fruit elucidated that it contained significant moisture con-
tent (63.2%), crude fat (7.1%), crude protein (4.2%), crude
fiber (8.7%), and ash (7.8%) as indicated in Table 1. The
findings of the current study are closely related to the out-
comes of Kumari et al. [22] who documented that ripened
fruit of Salvadora persica had significant amounts of mois-
ture (73:8 ± 5:0%), protein (5:9 ± 0:6%), ash (9:3 ± 0:6%),

and fiber (10:4 ± 1:9%) which was slightly higher than our
results. Variation in proximate composition of the Peelu
fruit may be due to different species, climatic conditions, soil
type, or growing environment. The studied fruit was har-
vested from Southern Punjab, Pakistan, which had compar-
ative lesser relative humidity which can be a major
contributing factor in the low moisture content of fruit
under investigation as compared to the results of Kumari
et al. [22].

3.2. Mineral Profiling. The mineral profiling revealed the
presence of a sufficient amount of macronutrients, i.e., nitro-
gen (N) 209.3mg·100 g-1·DW, phosphorus (P)
85.0mg·100 g-1·DW, potassium (K) 631.5mg·100 g-1·DW,
calcium (Ca) 507.5mg·100 g-1·DW, and magnesium (Mg)
113.7mg·100 g-1·DW (Table 2). Our results showed that
Peelu fruits contain a comparable amount of K and Ca with
Dialium guineense [23]. The K is beneficial for cardiovascu-
lar disorders by reducing blood pressure by maintaining
appropriate K+ and Na+ ratio [24]. Calcium (Ca+2) is a cru-
cial mineral of the human diet that facilitates various biolog-
ical functions of the body as differentiation, neuronal
activities, muscles contraction, and immune responses that
leads to apoptosis [25]. The Peelu fruit is rich source of Ca
than common fruits, i.e., orange, apple, banana, papaya,
chiku, and medicinal plants [13, 26]. The Peelu fruit was
found to be a good source of Na+ which is important for var-
ious biological processes [27]. The Mg prevents cardiovascu-
lar diseases. It maintains bone structure by retaining Ca and
vitamin D into bones which prevents osteoporosis [28]. Our
results reported optimum concentrations of Mg in the Peelu
fruit which are high than nonconventional fruits [29–31].
Hence, the Peelu fruit may be considered for functional
foods to meet the daily requirement of minerals.

The Peelu fruits were rich in many micronutrients like
Fe, Mn, Zn, and Cu as 8068.1, 656.2, 532.0, and
556.9mg·100 g-1·DW, respectively (Table 2). These micronu-
trients were required for the survival of human health as
involved in many biochemical, physiological, and metabolic
processes like DNA synthesis, mitotic division, respiration,
and healthy aging [32, 33]. Moreover, micronutrient con-
tents of Peelu in this study were at par with Salvadora per-
sica, Ziziphus jujube, and Capparis decidua [29, 30].
However, these were lower than Dialium guineense, Chryso-
phyllum albidum, and Spondias mombin [30, 31].

3.3. Phenolic and Antioxidant Contents. Phenolic substances
of different origins and functions can be obtained from

Table 3: Total phenolic, antioxidant, and ascorbic acid contents of Salvadora oleoides fruit.

Parameters Minimum Maximum Mean∗

Total phenolic contents (mg·GAE·100 g-1) 525.25 675.9 598:9 ± 100:35
Total antioxidants (% inhibition) 60.8 79.53 70:25 ± 7:33
Carotenoid (μg·100 g-1·DW) 4.67 8.41 6:52 ± 1:39
Ascorbic acid contents (μg·100 g-1·DW) 82.4 65.6 73:9 ± 1:15
∗Mean ± SD.

Table 4: Biochemical attributes of Salvadora oleoides fruit.

Parameters Minimum Maximum Mean∗

Total soluble solids (°Brix) 7.2 10.5 8:9 ± 1:32
Titratable acidity (%) 0.325 0.62 0:5 ± 0:10
Ripening index (ratio) 11.2 32.3 19:7 ± 7:32
pH 3.8 4.1 3:9 ± 0:11
∗Mean ± SD.
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plants. Most of these substances have antiviral, anticancer-
ous, and antibacterial properties [34]. Phenolic contents
and antioxidant activities of nontraditional fruits plants have
limited description in literature [35]. The total phenolic con-
tent of the Peelu fruit extract were 598:9 ± 100:5
mg·GAE·100 g-1 (Table 3). These contents are higher from
Ficus sycomorus, Diospyros mespiliformis, Parkia biglobosa,
and Lannea microcarpa and almost at par with Sclerocarya
birrea, Diospyros mespiliformis, and Saba senegalensis and
lower than Tamarindus indica and Ziziphus mauritiana
[36]. The total phenolic content of the Peelu fruit has been
found higher than the red and green peppers and at par with
sour cherry and blueberry [23].

The antioxidants are becoming more important due to
their role in maintaining good health and inhibiting disease
through scavenging free radicals responsible for the multipli-
cation of many diseases, including cancer, neurodegenerative,
and AIDS disorder [22]. The total antioxidant capacity of the
Peelu fruit was 70:2 ± 7:3% inhibition (Table 4). Antioxidant
contents of the Peelu fruit were higher than banana, water
apple, guava, and star fruit [37]. Among the species, the anti-
oxidant contents of S. oleoideswere higher than S. persica [22].

Carotenoids are a good source of antioxidants and con-
sidered fat-soluble pigments in plants. Moreover, color
development is also dependent on carotenoids synthesis
during maturity and ripening of the fruits. The carotenoid
content in Peelu were 6:5 ± 1:4μg·100 g-1 (Table 4). Caroten-
oids obtained from fruits and vegetables significantly reduce
the risks of diseases and provide more health benefits [38,
39]; hence, Peelu could be a good choice of carotenoids for
dietary intake. Ascorbic acid has antioxidant activity and
maintains cellular membrane activity. Ascorbic acid inhibits
the conversion of cancer-causing compound N-nitroso from
nitrates and nitrides present in fruit and vegetables [40]. In

the current study, ascorbic acid contents in the Peelu fruit
were 73:9 ± 1:1μg·100 g-1 (Table 4). Higher ascorbic acid
content in Peelu proved its great potential for promoting
health benefits. Similarly, a higher amount of ascorbic
(67.9mg·100 g−1·DW) has been reported for S. persica
fruit [22].

3.4. Biochemical Analysis. Data regarding biochemical profil-
ing of the Peelu fruit indicated that TSS in fruit juice were
8:9 ± 1:3°Brix (Table 4). The percent TA was 0:5 ± 0:1 (%)
with a pH value of 3:9 ± 0:1. Additionally, the ripening index
ratio was 19:7 ± 7:3. These results showed that biochemical
attributes of Peelu were at par with other ignored fruits like
Averrhoa carambola, Morus alba, and Syzygium cumini [41,
42], comparable with Grewia subinaequalis, and lesser than
Prunus persica and Prunus armeniaca [43] suggesting the
usage of this rare fruit in different value-added products.

3.5. Physicochemical Analysis of Drink. Data regarding vari-
ous physicochemical attributes (pH and acidity) showed a
significant effect of treatments and storage duration on func-
tional drinks prepared from Peelu. However, the interaction
between treatments and storage duration was nonsignificant
for pH and acidity of the functional drinks. Moreover, a
nonsignificant effect of treatment and storage period, as well
as their interaction, was recorded for TSS (Figure 1).

The highest concentration of TSS (1.6°Brix) was observed
in functional drink with ethanol extract of Peelu as compared
to placebo and functional drink withmethanol extract of Peelu
(1.58°Brix and 1.58°Brix). As far as the storage period was con-
cerned, an increasing trend was observed for TSS for the stor-
age period. The highest concentration of TA (1.67%) was
obtained after 30 days of storage period as compared to 0 days
(1.5%) (Figure 2(a)). An increasing trend has been observed
for acidity with prolonging storage period in all treatments.
This increase in acidity (%) was more in methanol extract of
Peelu when compared with other treatments. After storage
of 30 days drink prepared in methanol extract showed 1.03-
and 1.06-fold more TA (Figure 2(b)). Among various treat-
ments, functional dinks prepared in methanol extract exhib-
ited the highest (3.48) value for pH. A significant linear
decreasing trend (1.13-fold) was observed for the pH of func-
tional drinks with the increase in storage period from day-0 to
day-30 (Figure 2(c)).

Previously, the average TSS documented was about
10.4°Brix in a diet drink of apple prepared with artificial
sweetener. Similarly, the results of the current investigation
are in corroboration with González-Molina et al. [44], who
reported a nonmomentous effect of storage period on TSS
of apple and pomegranate juices and their blending. The
result of the present study for pH and acidity of functional
drinks is similar to Ahmed [45], who observed that a nega-
tive correlation exists between acidity and pH of juice during
storage. Moreover, these increase and decrease in acidity and
pH are closely linked with each other as reported by Klimc-
zak et al. [46]. Similarly, an increase in acidity and a sharp
decline in pH was monitored in fruit drink during 90 days
of storage [47]. The inverse relationship between pH and
acidity has also been observed in yogurt-like beverages
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Figure 1: Impact of treatments (T0: placebo; T1: ethanol extract
containing functional drink; T2: methanol extract containing
functional drink) on overall acceptability of drink during storage
period. Vertical bars indicate ±standard error of means. n = 3,
LSD (P ≤ 0:05) for drinks.

5BioMed Research International



RE
TR
AC
TE
D

including cereals [48]. This increase in acidity may be due to
the breakdown of artificial sweeteners as well as citric acid in
replacement of sugar for making therapeutic drinks [49].
Additionally, a decrease in pH and increase in acidity may
be due to the degradation of polysaccharides and oxidation
of reducing sugars that results in the production of acidic
components. Furthermore, the development of uronic acid
due to the breakdown of pectin may also be the reason for
a change in the abovementioned parameters [50].

3.6. Sensory Evaluation. Treatments, storage period, and
interaction were nonsignificant for sensory parameters of
functional drinks. Color of the product/physical appearance
is considered a prime factor for selection/rejection of the
product by the consumer. With the increase in storage dura-
tion color score of the functional drinks was significantly
reduced. The color score of the drinks was more at 0-day
(6.6), while rescued to 6.1 after 30 days of storage. Among

the treatment, the highest color score was obtained from
T2 (6:51 ± 0:07) as compared to T1 and T0 (6.45 and 6.23,
respectively) (Figure 3(a)). The flavor of drinks was found
higher (7:1 ± 0:06) at 0-day, while the lowest value (6.96)
was recorded after 30 days of storage (Figure 3(b)). As far
as various treatments are concerned, drink prepared with
ethanol extract (T1) showed a better flavor score (7.14), as
compared to drinks prepared with methanol extract (7.09)
and drink without extract (6.94). Average values docu-
mented for sweetness and sourness at 0-day were 7.20 and
7.68, 7.60 and 7.79, and 7.36 and 7.5, respectively, whereas
mean values for sweetness and sourness after 30 days of stor-
age were 7.08 and 7.38, 7.22 and 7.5, and 7.18 and 7.39 for
T0, T1, and T2 treated drink accordingly. The overall accept-
ability means a score of functional drinks was recorded
about 7.77 during storage.

Our results were in line with Ahmed [45] who reported
that sensory evaluation of functional drinks prepared with
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polyphenol extracts declined in various sensory attributes
including color, flavor, sweetness, sourness, and overall
acceptability. This may be due to the reason that polyphe-
nols induce color variation because of color imparting bod-
ies linked with the plant polyphenols [51].

4. Conclusion

The Peelu fruit is a good source of macro- and micronutri-
ents and has a sufficient quantity of biochemical contents
(SSC, TA, SSC : TA ratio, and pH). Like other fruits, the
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juice of the Peelu fruit is a rich source of phenolic and anti-
oxidants, including ascorbic acid and caroteniods. However,
the sensory attributes of the functional drinks were in cor-
roboration with control representing its potential for further
in vivo study. Conclusively, Peelu exhibit high nutritional
potential and could be included in the food chain with value
addition.
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The sequenced data availability opened new horizons related to buffalo genetic control of economic traits and genomic diversity.
The visceral organs (brain, liver, etc.) significantly involved in energy metabolism, docility, or social interactions. We performed
swamp buffalo transcriptomic profiling of 24 different tissues (brain and non-brain) to identify novel transcripts and analyzed the
differentially expressed genes (DEGs) of brain vs. non-brain tissues with their functional annotation. We obtained 178.57Gb clean
transcriptomic data with GC contents 52.77%, reference genome alignment 95.36%, exonic coverage 88.49%. Totally, 26363
mRNAs transcripts including 5574 novel genes were obtained. Further, 7194 transcripts were detected as DEGs by comparing
brain vs. non-brain tissues group, of which 3,999 were upregulated and 3,195 downregulated. These DEGs were functionally
associated with cellular metabolic activities, signal transduction, cytoprotection, and structural and binding activities. The
related functional pathways included cancer pathway, PI3k-Akt signaling, axon guidance, JAK-STAT signaling, basic cellular
metabolism, thermogenesis, and oxidative phosphorylation. Our study provides an in-depth understanding of swamp buffalo
transcriptomic data including DEGs potentially involved in basic cellular activities and development that helped to maintain
their working capacity and social interaction with humans, and also, helpful to disclose the genetic architecture of different
phenotypic traits and their gene expression regulation.

1. Introduction

The buffalo belongs to the family Bovidae (genus Bubalus) and
is considered a significant livestock species owing to its multi-
ple utilities as a source of meat, milk, and draught power in
agricultural fields [1–3]. Buffaloes are usually found in wet
grasslands, swamps, and marshes, subtropical and tropical
regions of the world. The Asian domesticated water buffalo

is generally categorized into two main subspecies including
the swamp (2n = 48) and river buffalo (2n = 50) usually based
on their physical appearance, body size, chromosome karyo-
type, and physiological features [2, 4, 5]. In China, swamp buf-
faloes are native animals distributed across 18 provinces in
southern and central China. Based on their local regional dis-
tribution, these buffaloes have been grouped into 18 local
breeds [6, 7]. Swamp buffaloes were mostly reared by small
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farmers as a draught power for agricultural operations, partic-
ularly ploughing in rice paddy fields. However, owing to its
economic traits like leather, horns, meat, and milk, over the
last decade, extensive efforts have been made for the genetic
improvement of dairy traits in buffalo through crossbreeding
[2, 8, 9].

The major impediment in China’s buffalo industry
included poor reproductive performance and milk production
of local buffalo as compared to dairy cattle, so major efforts
were directed towards improving the buffalo herd size to
increase reproductive efficiency through utilizing reproductive
technologies [8, 10–13], to identify the genetic markers and
genes, which were associated with phenotypic variations
[14–16] of desirable traits [17–19]. In China, the information
related to buffalo breeding is still limited regarding molecular
breeding techniques. The lacking of genomic information is
the key hindrance in buffalo genetic improvement programs,
although several studies at the genomic level have been con-
ducted so far by different research groups [20–22].

Even though the draft genome of the swamp and river buf-
falo has been released [23, 24], but genetic information on dif-
ferent physiological traits of buffalo is still scanty which in turn
hinders the buffalo’s genetic improvement [25, 26]. The tran-
scriptomic studies are important to generate larger quantities
of sequenced data for both model and non-model species
[27]. In different species like sheep [28, 29], goat [30] cattle
[31], and pig [32], high-throughput technologies such as
RNA sequencing (RNA-seq) have efficiently been used in
transcriptome analysis, molecular marker development, and
gene discovery.

The swamp buffaloes have shown closer association with
humans mainly because of their key utility as a draft power
in agroecosystems. The genetic basis of this close social inter-
action of swamp buffalo has also been revealed at the genomic
level in a recent study [23] that explained the selection signa-
tures for social behavior and energy related genes in the
swamp buffalo, which facilitated them to develop long-term
collaboration with humans in rice paddy field work. Further,
the visceral organs, like the brain, liver, heart, lungs, spleen,
and kidney, etc. are the key organs that play a significant role
in energy metabolism, docility, and/or social interactions. It is
therefore imperative to explore the differential expression of
genes associated with physiological responses and neural net-
works to better understand adaptive and cognitive behaviors.
This study was designed with the aim to perform the tran-
scriptomic profiling of 24 different tissues of swamp buffalo
(grouped into brain and non-brain tissues), to analyze the
DEGs, to evaluate the novel transcripts, and their functional
annotation.

2. Materials and Methods

2.1. Sample Collection and Preparation. An adult female
swamp buffalo, which was kept under uniform feeding con-
ditions without any biotic or abiotic stress, was purchased
from SIYE buffalo farm Guanxi, China, for slaughtering
and sample collection. A total of 24 samples from different
body parts of the swamp buffalo were collected. These sam-
ples were categorized into two groups, including the brain

and non-brain tissues. The details of the samples are given
in Table 1. All these samples were used for transcriptomic
sequencing analysis.

2.2. RNA Extraction, Quantification, and Quality Assessment.
The total RNA of each sample was extracted by using the Tri-
zol method [33]. Further, the purity and concentration of RNA
were checked by using NanoDrop 2000 (Thermo Fisher Scien-
tific,Wilmington, DE), and the integrity of RNAwas evaluated
through the RNA Nano 6000 Assay Kit of the Agilent Bioana-
lyzer 2100 system (Agilent Technologies, CA, USA).

2.3. Library Preparation for Transcriptomic Sequencing. To
prepare the RNA sample, 1μg RNA from each sample was
used. The NEBNext UltraTM RNA Library Prep Kit for Illu-
mina (NEB, USA) was used to generate the sequence libraries
by following the recommendations of the manufacturer, and
index codes were given to each sample feature. Briefly, the
magnetic beads (poly-T oligo-attached) were used to purify
the mRNA from total RNA. In NEBNext, first-strand synthe-
sis reaction buffer (5×) at high temperature divalent cations
was used for disintegration. The first cDNA strand was pro-
duced by using a random hexamer primer along with M-
MuLV Reverse Transcriptase, while RNase H and DNA poly-
merase I was subsequently used to synthesize the second
cDNA strand. The remaining overhangs via exonuclease/poly-
merase activities were changed into blunt ends. After the ade-
nylation of DNA fragments 3′ ends, the hairpin loop structure
andNEBNext adaptor were ligated for hybridization purposes.
The AMPure XP system (Beckman Coulter, Beverly, USA)
was used to purify the library fragments to select cDNA frag-
ments especially in the length of 240bp. Meanwhile, before
PCR, a 3μl of USER Enzyme (NEB, USA) was added with
selected size and ligated-adaptor to cDNA at 37°C for 15
minutes and followed by 5 minutes at 95°C. Then, universal
PCR primers, Index (X) primer, and Phusion High-Fidelity
DNA polymerase were used to perform the PCR. At last, the
AMPure XP system was used to purify the PCR products,
and Agilent Bioanalyzer 2100 system was employed to access
the quality of the library [34].

2.4. Clustering and Sequencing. The cBot Cluster Generation
System using TruSeq PE Cluster Kit v4-cBot-HS (Illumina)
was used to perform the index-coded samples clustering
analysis as per the manufacturer’s instructions. After the
generation of the cluster, the prepared library was sequenced
by using an Illumina platform (HiSeq X Ten), and reads
with paired ends were produced.

2.5. Data Analysis

2.5.1. Quality Control. Firstly, the in-house Perl scripts were
used to process the raw reads (raw data). The clean reads
(clean data) were obtained after removing the reads having
ploy-N and low-quality and adaptor sequences from the
raw data. Moreover, the GC-content, Q20, Q30, and level
of sequence duplication in clean reads were calculated. The
high-quality clean data was used for further downstream
analyses [35].
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2.5.2. Comparative Analysis. Subsequently removing the
low-quality and adaptor sequences from the data sets, the
clean reads after data processing were transformed from
raw sequences. Hisat2 tools software was used to map the
clean reads to the reference genome and the sequences with
exact match or single mismatch were further evaluated and
annotated to the reference genome.

2.5.3. Gene Functional Annotation. For gene functional anno-
tation, various databases were utilized including, Nt (NCBI
nonredundant nucleotide sequences), Nr (NCBI nonredun-
dant protein sequences), KOG/COG (Clusters of Ortholo-
gous Groups of proteins), Pfam (Protein family), GO
(Gene Ontology), Swiss-Prot (A manually annotated and
reviewed protein sequence database), and KO (KEGG
Ortholog database) [36, 37].

2.5.4. SNP Calling. For each sample sorting, removing the
duplicated reads and bam alignment merging was done by
samtools (v0.1.18) and Picard-tools (v1.41). Moreover,
SNP calling was accessed by GATK2 or samtools software.
The GATK standard filter method with other parameters
(including cluster Window Size: 10; MQ0 > = 4 and
(MQ0/ð1:0∗DPÞ > 0:1; QUAL < 10; QUAL < 30:0 or QD <

5:0 or HRun > 5), were used to filter the raw vcf files and
the SNPs with distance > 5 were retained [35, 38].

2.5.5. Quantification of Gene Expression Levels. The levels of
gene expression were predicted in fragments per kilobase of
transcript per million fragments mapped (FPKM) value by
using the following formula:

FPKM = cDNA fragmentsmapped
fragments millionsð Þ × transcript length kbð Þ:

ð1Þ

2.5.6. Differential Expression Analysis

(1) For the Samples with Biological Replicates. The DESeq2
was used to analyze the differential expression of the two tis-
sue groups. Based on the negative binomial distribution
model, DESeq2 provided practices to determine the differen-
tial expression of the digital gene expression dataset. Benja-
mini and Hochberg’s approach were used to adjust the P
value to control the false discovery rate (FDR). Statistically,
the Pvalue < 0:05 was used as the level of significance, and
the genes with Pvalue < 0:05 were perused as differentially
expressed [39, 40].

(2) For the Samples without Biological Replicates. For two
samples, the edgeR was used to analyze the differential
expression and the FDR value < 0:05 (FDR < 0:05) and fold
change ≥ 2 (FC ≥ 2) was set as a criteria to categorize the sig-
nificant differential expression [40, 41].

(3) GO and KEGG Pathway Enrichment Analysis. The Walle-
nius noncentral hypergeometric distribution based GOseq R
packages [42] were used for GO (Gene Ontology) enrichment
analysis of DEGs. The KEGG [43] is a biological system related
database resource used to understand high-level utilities and
functions associated with cells or organisms at the molecular
level especially the large scale molecular datasets developed by
high-throughput genome sequencing and experimental tech-
nologies (http://www.genome.jp/kegg/). The KOBAS [44] soft-
ware was used to test the statistical enrichment of DEGs in
KEGG pathways [43].

3. Results

3.1. Quality Assessment of the Data

3.1.1. The Sequence Quality Score with Content Distribution
and Data Statistics. The quality of the data was accessed by
using Phred quality scores Q ,which is logarithmically associ-
ated with base calling error probabilities (P). The quality of
all sample data with base error rates and ATCG content distri-
bution is presented in Figure S1. All the samples showed an
equal distribution of ATCG content revealing the accuracy
of the data (Figure S1). Furthermore, after the quality
control of sequenced data, a total of 178.57Gb clean data
were obtained with a minimum Q score as ≥Q30 (91.27%)
represented a 1/1000 probability of incorrect base call. The
higher Q value results in lowering the false positive variants

Table 1: Details of tissues of swamp buffalo used for sample
collection.

Sr. no. Sample tissue Abbreviation

1 Dorsal muscles BJ

2 Lung F

3 Liver GZ

4 Pain sense(24 + 32 area) KJ24-32Q

5 Oarium (ovarium or ovary) LC

6 Spleen P

7 Emotional area 23 + 31 QG23-31

8 Emotional area 35 QG35Q

9 Anterior tongue muscle QS

10 Kidney S

11 Conarium SGT

12 Visual sense (7-20 area) SJ-7-20Q

13 Sense of hearing (21-22 area) TJ21-22Q

14 Taste, language 43 area WJYY43Q

15 Heart X

16 Sense of smell (25 + 11 area) XJ25-11Q

17 Opisthencephalon XN

18 Hypothalamus XQN

19 Sport (44-45 area, 4 + 6 area) YD44-45Q

20 Right hind leg muscle YHT

21 Right fore-muscle YQZ

22 Bulbus rhachidicus YS

23 Fattiness ZF

24 Uterus ZG

3BioMed Research International
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Figure 1: The annotation classification of (a) SNPs and (b) InDel. [Note: The abscissa represents SNPs and InDel areas or types while
ordinate is the classification numbers].
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with the more consistent and reliable data set. The clean reads,
clean bases, and GC contents were ranged between 21868067-
28337044, 6560420100-8501113200, and 49.47-52.77%,
respectively (Table S1).

3.1.2. The Transcriptomic Data Alignment with Reference
Genome Sequence. Clean data read without paired ends were
mapped to the reference genome exhibiting an alignment per-
centage (%) between 89.53% and 95.36% (Table S2).While the
unique mapped read coverage was 84.88% to 92.48%, and the
clean read percentage which multiply mapped to the reference
genome was 2.13% to 4.83% (Table S2). Whereas, the
percentage of clean reads marked on the sense vs. antisense
chain of the reference genome was 44.58% vs. 43.79% to
47.50% vs. 47.47% (Table S2).

3.1.3. The Mapped Data Distribution on the Reference Genome
with Exon, Intron, and Intergenic Regions. Additionally, the
genome wide distribution of the reader’s coverage was retrieved
to find the location and distribution of themapped reads on dif-
ferent chromosomes in terms of coverage depth, plotted on the
reference genome with log2 value ranged between −10 and 10
(Figure S2). The blue and green color represents the reads
coverage on the positive and negative chain of the reference
genome, respectively (Figure S2). Moreover, for each sample
type the percentage of different regions including intronic,
exonic, and intergenic regions based on number of mapped
reads in reference to the specified reference genome were
counted (Table S3). The highest exon count percentage was
observed as 88.49% in the LC sample and the overall range
was between 75.81% and 88.49% (Table S3). The percentage
of intronic and intergenic regions for all samples was 5.05% to
16.74% and 6.04% to 7.89%, respectively (Table S3).

3.1.4. The RNA-Seq Library-Quality Evaluation. The RNA-seq
library quality was accessed employing transcripts depth cover-
age to evaluate the randomness of the mRNA degradation and
mRNA fragmentation, the distance from paired-end of read1
and read2 to judge the inserted lengths distribution extent,
and the data saturation to assess the library capacity and
mapped data adequacy (Figure S3(a) and (b)). All the sample
RNA fragments’ randomness was observed uniformly, which
was simulated based on the density of mapped reads on

transcripts as shown in Figure S3(a). Further, for each sample
data, the gene saturation with an interval of 15% FPKM was
observed, and a gradual increase was seen, with gene
saturation detected as 1 (Figure S3(b)).

3.2. Single Nucleotide Polymorphisms/InDel Analysis. Single
nucleotide polymorphism (SNP) is referred to a single nucleo-
tide variation in transcript sequence.We used GATK to identify
the single base mismatch between the sample transcripts and
the reference genome as a potential SNP site. The higher num-
ber of SNPs was perceived in P (495,289) and the lower number
was detected in YD44-45Q4 (183,666) (Table S4). The spotted
genic and intergenic SNPs were ranged between 153151 to
456941 and 29406 to 68294, respectively (Table S4). A higher
ratio of transitions SNPs (A >G, G > A, C > T, and T > C)
with a percentage between 71% and 73.22% as compared to
the transversions (A > C, C > A, A > T, T > A, C >G, G > C,
G > T, and T >G) was detected in all transcriptomic data
(Table S4, Figure S4). Moreover, the SNP sites heterozygosity
(more alleles) proportion was also determined which ranged
from 20.31% in QS to 25.04% in KJ24-32Q (Table S4). The
SNPs density for all the samples is presented in Figure S5,
which showed a gradual increase of SNPs per kb of the gene
length. But, the number of genes was inversely proportional to
the number of SNPs per Kb (Figure S5).

Furthermore, the SnpEff tool was used to predict the SNP
and InDel variability impact. In reference to the position and
information on the reference genome, the location of variable
sites in reference genome regions (CDS, intergenic, or genic
regions, etc.) and their potential effects (nonsynonymous or
synonymous mutations) were obtained (Figures 1(a) and
1(b)). A total of 936514, 176881, 94824, 67604, 52783, 12657,
and 5142 SNPs were found in intronic, intergenic, down-
stream, 3′UTR, upstream, 5′UTR, and intragenic regions,
respectively (Figure 1(a)). The synonymous coding/nonsynon-
ymous coding SNPs ratio was 50519/27314 (Figure 1(a)).
Besides, the annotated InDel retrieved on the reference genome
were 96200, 13348, 12312, 11375, and 5823 in the intron, 3′
UTR, intergenic, downstream, and upstream regions, respec-
tively (Figure 1(b)).

The alternative splicing events for all samples were scanned
by the ASProfile tool, which divided all these events into 12 dif-
ferent types. The TSS, TTS, AE, and SKIP were the most abun-
dant mapped alternative splicing events of which the first
alternative 5′ exon splicing (TSS) and alternative 3′ last exon
splicing (TTS) were highly screened in all samples with value
> 15000 (Figure S6), while XMIR was not detected in LC, P,
QG23-31, QG35Q, SGT, WJYY43Q, and XN samples
(Figure S6). Except for sample F, P, QS, S, YQZ, ZF, and ZG,
the lower alternative splicing events XAE and XIR were also
identified in all samples (Figure S6). While an equal ratio of
XSKIP event was detected in all samples (Figure S6).

3.3. Novel Genes Detection and Functional Annotation. We
used string tie to assemble the mapped reads based on the ref-
erenced genome and the original genome annotation was
compared to discover the unique unannotated transcriptional
regions, revealing novel transcripts and genes in the buffalo,
and improved the existing genome annotation information.

Table 2: The summary of novel gene number annotated in
different databases.

Annotated databases Novel gene number

GO 2,629

KEGG 1,713

KOG 541

Pfam 719

Swiss-Prot 753

Eggnog 2,218

NR 3,619

COG 82

All 3,647
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A total of 5,574 novel genes were discovered after filtering the
short peptides (<50 amino acid) and the sequence with a single
exon. All the novel genes were blasted in different databases
including GO, KEGG, KOG, Pfam, Swiss-Prot, eggNOG, NR,
and COG to obtain the annotation information. The novel
gene number annotated by different databases is summarized
in Table 2.

3.4. Analysis of Genes Expression

3.4.1. Quantitation of Gene’s Expression Levels. Using RNA-
seq, a sum of 26363 mRNAs transcripts were detected,
including 5574 novel mRNAs transcripts. The expression
of transcripts was presented by FPKM value. The discrete
angle of expression levels for each sample is shown in the
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Figure 2: Expression levels for each sample are shown in box chart (a) and mRNAs FPKM density distribution in each sample (b).
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box chart of Figure 2(a) and the mRNAs FPKM density dis-
tribution in all samples is shown in Figure 2(b).

3.4.2. Correlation Assessment of Biological Replicates. For
transcriptomic data of biological samples, the correlation
assessment is important which could provide reliable differ-
entially expressed genes. To evaluate the index of correlation
among all the samples, we used Pearson’s correlation coeffi-
cient R for multiple biological samples prepared under the
same conditions. The two samples are more related to each
other with R2 value close to 1 (Figure 3). So, we developed
a relationship cluster diagram that reflected the relationship
of the samples instinctively (Figure 3). The transcriptomic
data reflected a consistent clustering effect where the sam-
ples XQN, QG35Q, YS, XN, SJ-7-20Q, QG23-31, KJ24-
32Q, TJ21-22Q, WJYY43Q, XJ25-11Q, and YD44-45Q were
found close to 1 and highly correlated to each other ensuring
the reliability of the analysis (Figure 3).

3.4.3. Identification and Statistics of Differentially Expressed
Genes. We used False Discovery Rate ðFDRÞ < 0:05 and Fold
Change ðFCÞ ≥ 2 value as the screening criteria to identify
DEGs. The FC values specified the proportion of gene expres-
sion in two groups (brain vs. non-brain tissues). The differen-
tially expressed genes analysis was based on independent

statistical hypothesis testing, follow-on some false positives.
Thus, we employed the Benjamini-Hochberg technique to
correct the P value and made FDR a screening criterion. A
total of 7,194 differentially expressed genes (DEGs) were iden-
tified, among which 3,999 were upregulated while 3,195
downregulated. The Volcano and MA plot was used for the
presentation of gene expression level differences and the statis-
tical significance in two groups (Figures 4(a) and 4(b)).

3.4.4. Clustering Analysis of DEGs. For hierarchical cluster-
ing analysis, the genes with differential expression were fil-
tered and the genes with similar or same expression
patterns were clustered together. The results of clustering
analysis for DEGs in all the samples of both groups are
shown in Figure 5.

3.4.5. Functional Annotation and Enrichment Analysis of
DEGs. A total of 7,121 DEGs (brain vs. non-brain) were
annotated in different functional annotation databases
including GO, COG, KOG, KEGG, Pfam, Swiss-Prot, egg-
nog, and NR with DEGs numbers 6267, 2152, 4781, 4744,
6431, 5493, 6929, and 7091, respectively.

3.4.6. Gene Ontology Classification of DEGs. For DEGs, the
GO database was used to determine their role in biological
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processes, cellular components, and their molecular functions
(Figure 6). The cellular component related DEGs were mainly
involved in the extracellular region, membrane enclosed lumen,
cell junction, synapses, supramolecular complex, virion part,
nucleoid, and macromolecular complexes (Figure 6). Further,
the DEGs involved in the biological process were associated
with gene regulation, metabolism, development, immune sys-
tem, behavior, growth, locomotion, apoptosis, rhythmic pro-
cess, detoxification, reproduction, response to stimulus, signal
transduction processes, and cellular response to abiotic stresses
(Figure 6). The molecular functions related to DEGs included
metabolic, signal transduction, transportation of molecules,
antioxidant activity, transcription binding factors, protein tag,
morphogen activity, electron transporter, and structural and
binding activity (Figure 6).

3.4.7. Cluster of Orthologous Groups Analysis of DEGs. The
COG database was also used for the annotation of DEGs
(Figure 7). The products of DEGs were involved in general
gene function, signal transduction mechanisms, posttransla-
tional modification, protein turnover, chaperon activity, cell
motility, metabolism, transportation, cellular and nuclear
structural maintenance, transportation, defense mechanisms,
etc. (Figure 7).

3.4.8. KEGG Annotation and Pathway Enrichment Analysis of
DEGs. The KEGG database was used to annotate the DEGs
and explore their association with different pathways. All the
DEGs were classified according to their involvement in differ-
ent functional pathways. About 591 DEGs were identified to
be associated with pathways of cellular processes including
endocytosis, regulation of actin cytoskeleton, cell cycle, apopto-

sis, phagosome, and tight junction, while 1291 DEGs were
linked with different pathways of environmental information
processing including various signaling pathways andmolecular
interactions (Figure 8(a)). Furthermore, for metabolism and
genetic information processing related pathways, only 66
DEGs for each functional group were identified (Figure 8(a)).
Moreover, the top 20 KEGG pathways with minimum Q
values, which were analyzed by enrichment analysis for DEGs,
are presented in Figure 8(b).

4. Discussion

The availability of massive DNA, RNA, and proteomic
sequencing technologies has revolutionized the biological
approaches which ultimately provides huge sequenced data
output. For species with significant economic worth and
poor genomic data resources like buffalo, it is imperative to
develop improved and annotated sequenced genomic or
transcriptome data, which would be helpful for understand-
ing the genetic control of economic traits, genomic diversity,
and evolutionary dynamics of available buffalo genetics
resources. Transcriptomic sequencing is a cost-effective
and powerful tool for producing good quality transcriptome
data that might be used to explicate molecular markers and
categorizing the novel genes in non-model and model
organisms [45–48].

The advancement in this reverence requires both the data
accuracy and reliability to decrease the error rate making the
data more efficient [49]. Thus, using Phred quality scores Q
with base calling error probabilities P is a crucial step to access
the data quality [49]. A recent study by Singh et al. [50] iso-
lated the RNA transcripts from buffalo liver tissues with an
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excellent quality of NGS data having score of FastQC quality
up to 30. Further, they reported 54 million reads having an
alignment percentage of > 84% with reference genome [50].

The 178.57Gb clean transcriptomic data of our study with
a minimum Q score of ≥Q30 revealed a 1/1000 probability of
incorrect base calling and the clean reads with GC contents
were 28337044 and 52.77%, respectively. Further, the clean
data reads without paired ends were mapped to the reference
genome with an alignment percentage of 95.36%. Earlier stud-
ies have reported that the genome wide percentage of the GC-
contents in river buffalo was 42.20% and in other animals, it
was 41.80%–42.30% [51–54], while our study presented a
higher ratio of 52.77% GC contents. Our study is also in line
with a previous study conducted on swamp buffalo having
GC contents of 49.92% [55]. Moreover, a recent study on the
whole genome sequence of buffalo figured out the 12.5% struc-
tural differences and 9170 structural differences were likely
because of the assembly errors [56].

In comparison to the reference genome, the predicted per-
centage of the exonic region was 88.49% and the SNPs ratio
was 456941 with a higher proportion of transition as com-

pared to the transversion with heterozygosity of 25.04%.
Mostly, the detected SNPs and InDels were present in the
intronic regions. This indicated the high quality transcriptome
data produced from the swamp buffalo and these tissue spe-
cific unique transcripts could be utilized for designing further
experiments related to transgenesis, gene cloning, and molec-
ular genetics of the swamp buffalo [57, 58].

The alternative splicing event could produce different
transcripts encoded by a single gene and can translate into
protein, which varies in their sequence and function. It is an
important mechanism involved in tissue specific gene expres-
sion regulation and can enhance protein diversity [59]. In this
study, a total of 12 alternative splicing events were identified of
which TSS, TTS, AE, and SKIP were the most abundant
mapped alternative splicing events where the first alternative
5′ exon splicing and alternative 3′ last exon the last exon splic-
ing were highly screened in all tissue samples.

We identified a total of 26363 mRNAs transcripts
including 5574 novel mRNAs transcripts. Our study pre-
sented 34.57% novel genes whose function has not been
yet identified after blasting all these novel genes in different
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A: RNA processing and modification
B: Chromatin struchture and dynamics
C: Energy production and conversion
D: Cell cycle control, cell division, chromosome partitioning
E: Amino acid transport and metabolism
F: Nucleotide transport and metabolism
G: Carbohydrate transport and metabolism
H: Coenzyme transport and metabolism
I: Lipid transport and metabolism
J: Translation, ribosomal structure and biogenesis
K: Transcription
L: Replication, recombination and repair
M: Cell wall/membrane/envelope biogenesis
N: Cell motility
O: Posttranslational modification, protein turnover, chaperones
P: Inorganic ion transport and metabolism
Q: Secondary metabolites biosynthesis, transport and catabolism
R: General function predicition only
S: Function unknown
T: Signal transduction mechanisms
U: Intracellular trafficking, section, and vesicular transport
V: Defense mechanisms
W: Extracellular structures
X: Mobilome: prophages, transposons
Y: Nuclear Structure
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Figure 6: GO classification results of DEGs.
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Figure 8: (a) KEGG annotation of DEGs. (b) The top 20 KEGG pathway enrichment bubble diagram of DEGs.
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databases including GO, KEGG, KOG, Pfam, Swiss-Prot, egg
NOG, NR, and COG for annotated information, while the
previous study indicated only 27.53% novel gene in swamp
buffalo with unknown function [55]. For any transcriptomic
analysis, the identification of DEGs is very critical [60]. Our
study found variations in the expression of genes such as
about 55.58% (3,999) genes were upregulated and 44.41%
(3,195) were downregulated genes. In the NR database, most
of the genes were annotated to Bubalus bubalis, Bos taurus,
and Bos mutus, perhaps due to the swamp buffalo is evolu-
tionary more close to Bos taurus and Bos mutus than other
available genetic resources [61, 62].

The GO and COG predicted molecular functioning of
DEGs as metabolic, signal transduction, electron transporter,
and structural and binding activity. Moreover, among the top
20 pathways, cancer pathway, PI3k-Akt signaling, axon guid-
ance, focal adhesion, and regulation of actin cytoskeleton were
abundant while the other related pathways were involved in
thyroid and oxytocin hormone signaling, synaptic vesicle cycle,
adhere junction, circadian entertainment, etc. These findings
are in agreement with the previous study of Deng et al. [55].

5. Conclusion

The current study is one of the most comprehensive studies
conducted on the swamp buffalo using 24 tissue samples,
which were grouped into two main categories (brain vs.
non-brain). We obtained 178.57Gb clean transcriptome data
withQscore ≥Q30 and the clean reads with GC contents were
28337044 and 52.77%, respectively. The alignment percentage
of clean data reads to the reference genome was 95.36% with
88.49% exon region coverage, and the SNPs ratio was
456941 with higher transition SNPs proportion with 25.04%
heterozygosity. We incur 26363 mRNAs transcripts including
5574 (34.57%) novel genes of which 55.58% (3,999) were
upregulated and 44.41% (3,195) downregulated. The DEGs
were mainly involved in the metabolism, signal transduction,
electron transporter, structural and binding activities, among
the top hit pathways, cancer pathway, PI3k-Akt signaling,
axon guidance, focal adhesion, and regulation of actin cyto-
skeleton were abundant.

Data Availability
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The current study is aimed at examining the overall effects of steroids on the tissues of organisms and pharmacotherapeutics and
pharmaco-histokinetics of several steroids, including Bromocriptine as mesylate and estradiol valerate in common quails
(Coturnix coturnix). A total of 100 birds were used for pharmaco-histokinetics. The research was carried out in two separate
trials, one during the fall season and the other during the spring season. Each experiment lasted for five, ten, fifteen, and
twenty days. Each study group used 20 birds while basing their experiments on a control group of 5. At the stretch of five, ten,
fifteen, and twenty days in each season, therapeutic dosages were administered to a sum of two groups representing two
separate steroid trial groups. Each steroid was administered to each bird in a therapeutic dose, which was three drops
administered twice daily. Clinical symptoms include despondency, sluggishness, and variations in weight and temperature that
almost all treated birds display. However, only in trials conducted in the fall was a sizable degree of body enlargement in one
treated bird noticed. The winter testing showed a mortality rate. Four birds have died in the twenty-day group. One bird died
when treated with estradiol valerate, and three birds died treated with Bromocriptine as mesylate. Both the male and female
birds showed signs of having lost some of their body weight. The treated birds’ kidney, stomach, hearts, and livers exhibited
some edema. In comparison, almost all birds show enteritis, which indicates that steroids mainly affect the intestine. There
were apparent differences in the histological analysis of heart and skeletal muscle and some treated birds with the control
group. The kidney, liver, and intestine show the major histopathological change in all treated birds.

1. Introduction

All the steroids are synthesised from the lanosterol in the
cell. Lanosterol is the naturally occurring compound found
in animals, plants, fungi, and some bacteria. The synthesis
of steroids is called steroidogenesis [1]. The release of ste-
roids and their mechanism of action are regulated by neuro-

nal and hormonal signals. The pituitary gland is stimulated
by neural impulses from the hypothalamus; the pituitary
gland then releases a hormone that influences the ovaries,
kidneys, and testicles to regulate hormonal levels through a
feedback process [1, 2]. The first steps of steroid production
are performed in mitochondria. Cholesterol is converted to
pregnenolone in mitochondria by the enzyme p450sec [3].
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The current study reveals that steroid output is controlled by
steroid metabolism, i.e., biosynthesis. In order to protect the
cellular membranes against antifungal medications like
amphotericin B and azol, fungus synthesise ergosterols [4].
In female humans and other animals, steroids increase sick-
ness and the immune system’s reaction [5]. Numerous phys-
iological processes in vertebrates, including responsiveness
and electrolyte balance, are influenced by corticosteroids
[6]. Canada, Europe, US, and other countries throughout
the world all utilise estradiol valerate. Estradiol valerate has
been used by women to prevent pregnancy for more than
50 years. [7]. Estradiol valerate is a hormone that is utilised
in the treatment of a variety of conditions, including trans-
gender women, menopausal symptoms, low oestrogen levels,
and hormonal birth control [8]. Estradiol valerate at large
doses raises the risk of thrombosis, alters the lipid profile
in the blood, and raises the level of both prolactin and insu-
lin resistance [9]. The Control Centers for Disease claim
that, between 2006 and 2008, 10.5 million persons used oral
contraceptives containing estradiol valerate as a birth con-
trol method [10]. When testosterone is given to a female,
the female is unable to reproduce and has fewer cloacal
glands. In fact, estradiol-17 is applied to male quail to pro-
mote copulation and 5-dihydrotestosterone to promote clo-
acal gland development [11].

By inhibiting ovulation and using its hormone, estradiol
valerate prevents conception. The endometrium and cervical
mucus have changed, making it difficult for sperm to pene-
trate. Bromocriptine use over an extended period of time
results in anxiety, agitation, suicidal thoughts, weariness,
and irritability [12]. Gallstone formation and cholesterol
retention are more likely to occur when the gallbladder is
not completely empty in late pregnancy. Gallstone develop-
ment and cholesterol retention are both increased during
pregnancy [13]. During the neonatal stage and during social
interactions, steroids have an impact on a mammal’s
body [13].

The social behaviors of mammals can be modified by
altering the hormone concentration (neuropeptides) [14].
They affect the human body in a number of ways. The pri-
mary impacts on the body alter mood and raise the dangers
of anxiety, sadness, and menopause [15]. The birds’ immu-
nological function is inhibited by stress, their immunity is
decreased, and pathogens can easily target their system [16].

Additionally, steroids have an impact on the tarsus,
badge, wing bar, size, and beak. Size, color, wings bar, crest,
and visual ability of the birds are all impacted by corticoste-
rone [17]. Regardless of dose, the CORT-administered zebra
finches had fewer copulations than the control animals. As a
result, pair bonds are not significantly affected by acute
CORT [18]. The effects of steroids on gender, sexuality,
and the immune system in general. In females, humans,
and animals, steroids increase illness and the immunological
response. The most important finding is that gender and sex
hormones have an effect on both the innate and the adaptive
immune cells, but the mechanism responsible for this effect
is unknown [5]. Recent research has demonstrated that
11beta-HSD serves both physiologic and pathological func-
tions in the skin. In the context of the skin, the functions

of 11beta-HSD include cell proliferation, the healing of
wounds, inflammation, and the ageing process [19]. The
goal of the current study was to explore the effects of steroids
on the tissues of organisms as well as the pharmacothera-
peutics and pharmaco-histokinetics of Bromocriptine as
mesylate and estradiol valerate. This was accomplished
through comparing the effects of Bromocriptine as mesylate
and estradiol valerate on the serum and blood biochemistry
of common quails that had either been subacutely or chron-
ically stimulated with. The information was contrasted with
that obtained for intact or control groups.

2. Materials and Methods

2.1. Ethical Approval. Institutional ethical approval for this
study was obtained from the Ethical Committee of the Ghazi
University, D G Khan, Punjab, Pakistan.

2.2. Experimental Birds. A total of 100 common quails are
used during experimental periods (Coturnix coturnix). All
of the birds are typically adult, weighing between 40 g and
150 g. These chickens are bought from D G Khan in a Paki-
stani chowk. The feed was manufactured at home without
the use of medications and had sufficient nutrients (bajra,
corn, and rice). Before beginning the treatment, all the birds
had a five-day conditioning and adjustment period to the
bird’s condition.

2.3. Drug Formulation. Two medications were utilised over
the course of the experiment. Each day, a brand-new Brotin
and Pregnova solution is made and administered orally to all
the birds receiving medication. The weight of the bird was
used to calculate the required dosage of the medication
formulation.

2.4. Dose Fixation. The dosage that was prescribed was the
same as what was administered to the tiny mammals. The
therapeutic dose is 2.5mg/kg, and it is used to evaluate all
of the potentially harmful effects of the whole medicine.

2.5. Therapeutic Dose. By using a syringe and a few tiny
drops of steroid medication, the birds are administered their
therapeutic dose.

2.6. Experimental Design. In each experiment, there were a
total of 100 common quail birds, which were randomly
divided into two groups of 50 birds each (summer and win-
ter). In each experiment, there were a total of fifty birds,
which were randomly assigned to one of three groups.
Twenty birds were sacrificed in order to extract Brotin for
drug testing. Twenty birds were sacrificed in order to collect
Pregnova-treated medication samples. The remaining ten
birds are split in half; five of them are utilised for the obser-
vation of clinical symptoms, while the other five are used to
measure the treated birds’ weights for comparison. The
twenty birds are separated into four groups, each of which
has five birds to make up its membership. Every trial lasts
for a total of twenty days. Only five days of treatment were
given to those five birds. The second group of five birds
received treatment for somewhere between 1 and 10 days.
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The duration of treatment for the third group ranged from
one to fifteen days. The duration of treatment for the fourth
group ranges from 1 to 20 days. During the course of the
experiment, each of the birds became completely accus-
tomed to the setting in which they were placed. In order to
reduce the amount of stress the birds were put through, it
was necessary to take their rectal temperature and record
their live body weight every five days. The birds’ body weight
was recorded in group 1, between 1 and 5 days. Between 1
and 10 days, group 2’s total body weight is recorded every
day. From day 1 to day 15, group 3 members had their body
weight recorded. The participants in group 4 had their body
weight recorded anywhere from 1 to 20 days. It has also been
observed that the birds’ temperatures are identical.

2.7. Clinical and Behavioral Observation. The birds were
provided with fresh water and food three times a day, and
their behavior and clinical status were monitored through-
out the day. The behavioral observations made included
the consumption of feed, dropping of the head, unrest,
jumping in cages, and a feeling of hunger. Additionally, he
was observed avoiding the other cage in order to hide in it.

2.8. Sample Collection and Processing. All of the birds in
group 1 were given a thorough necropsy after 1 to 5 days,
birds in group 2 were examined after 1 to 10 days, birds in
group 3 were examined after 1 to 15 days, and birds in group
4 were examined after 1 to 20 days. In the event that there
was a pathological alteration, this information is also docu-
mented. The sample was obtained from the kidneys, liver,
and heart in addition to the skeletal muscles. For the pur-
pose of histological analysis, representative tissue specimens
were preserved in formalin at a concentration of 10%. Stan-
dard paraffin processing was utilised in order to preserve
and embed the tissue. A section with a thickness of 5-6m
was cut. Eosin and hematoxylin were then used to stain
the slides that had previously been prepared.

2.9. Histopathology Grassing. A location in the laboratory
where the organ is sectioned off into parts measuring one
centimetre in size. When the organ fragments are more than
1 centimetre in size, the reagent does not penetrate the tissue
as well. The width of the samples is 1 centimetre, while the
length is 1 inch. The ability to observe everything in the
specimens, including colors, figures, and tumours, is one of
the benefits of using this method. Following the cutting,
fragments of the organs are placed in tissue cassettes and
given labels before being stored.

2.10. Tissue Fixation. There are various fixatives employed,
including ethylene, picric acid, and formaldehyde. Formal-
dehyde is utilised quite frequently in this context as a fixa-
tive. Formaldehyde can be purchased for a low price and is
readily available in most marketplaces. Additionally, advan-
tageous is the fact that it is readily absorbed by specimens. A
formaldehyde solution is created through the process of
diluting 37 percent of concentrated formaldehyde with 63
percent of water. This is done in accordance with the tech-
nique. After this step, take ten percent of it, combine it with
ninety percent water, and utilise it in the fixation process.

Formaldehyde should be left in contact with the tissue for
a period of at least two hours and no more than sixteen.

2.11. Cutting Microtome. In cutting the tissue, a machine is
used called a microtome. Different types of microtome are
used, but here, a rotary microtome is used. This microtome
is heavy and is fixed in place due to its weight. Parts are that
holder which holds the tissue. The other is the cutter, where
knives are used for cutting. Another part is the wheel which
helps in cutting. After cutting the section, put it in hot water
with temperature 50° to 60°C.

2.12. Staining. After removing the paraffin wax from the tis-
sues, it was then immersed for three minutes in xylene. After
that, the tissues are dipped into 100 percent alcohol for three
minutes so that the xylene can be removed. The tissues are
subjected to alcohol at concentrations ranging from 95 per-
cent to 30 percent for a period of two minutes. In the five
minutes that follow the alcohol, the tissues are soaked in
water. For decolorization, a series of four to ten dips are per-
formed, each using an ever higher grade of alcohol. In the
subsequent 1 minute and a half to 2 minutes, eosin will be
employed. The picture was then cleaned using xylene after
three minutes of dehydrating the tissue to eliminate the alco-
hol. On the slide, a single drop of balsam from Canada was
placed. On the slide, a cover slip was added before being
fixed firmly.

3. Results

During the course of the trial, the clinical indications of
somnolence and blindness of the eye with excessively dark
speckled hues were detected in birds that had been treated
with Pregnova. In the group that had been treated with Bro-
tin, there were a few instances of diarrhoea that was bloody.

After 15 to 20 days of treatment, all clinical indications
were observed in the groups who had been given medica-
tions. In comparison to the group that served as the control,
the physiology of the birds’ hearts and heart muscles showed
no discernible signs of change (Figures 1 and 2). On the
other hand, the drug-treated group’s liver, kidneys, skeletal
muscles, and heart showed little to no evidence of alteration.
The micrographic picture of the heart in common quails
during the first five days of treatment with Brotin, displays
the congestion and hemorrhaging in tissues (Figure 3).
When common quails were treated with Brotin in a ten-
day trial, it displayed necrosis and inflammation in the
heart’s tissues and blood clotting in some heart tissues
(Figure 4). The fifteen-day trial’s common quails given Bro-
tin displays inflamed fibroblasts and cardiac tissues
(Figure 5).

The picture of the heart in common quails following a
20-day treatment with Brotin. It displays microhemorrhages
and cardiac tissue irritation (Figure 6). Pregnova-treated
common quail muscles in the first five days of a winter trial
are depicted in a photo, with the muscles’ unique areas of
inflammation and fibroblast activity (Figures 7 and 8). Com-
mon quail’s muscles in a photo representation from a ten-
day winter study using Pregnova demonstrate the necrosis
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at certain muscle sites and fibroblast (Figures 9 and 10).
Common quail muscles treated with Pregnova in a ten-day win-
ter trial are depicted in a photo, with the muscles congested at
certain locations and the vessels dilated (Figures 9 and 10).
Common quail liver slices were photographed under a micro-
scope to reveal typical histological features and characteristics
(Figures 11 and 12). Common quail liver from a ten-day winter
study with the drug Brotin is shown in the photo, with exuda-
tion at certain liver locations and significant hemorrhage
(Figure 13). Photo representation of the common quail kidney
after five days of Pregnova treatment, demonstrating inflamma-
tion and hemorrhages Figure 14). Common quail kidney was
treated with Pregnova during a ten-day summer study, showing
inflammation and hemorrhages (Figure 15). Common quail
kidney was treated with Pregnova in a fifteen-day summer
study, and the common quail kidney was treated with a photo
representation of blood clotting and blood vessel break
(Figure 16). Common quail kidney was treated with Brotin in
a summer study for 20 days, displaying inflammation and
inflammatory excaudate (Figure 17).

4. Discussion

The purpose of the current study was to investigate the effect
that steroids have on the histopathology of common quail.
In order to accomplish this goal, data were gathered through
the conduct of experiments on common quail. In this

Figure 1: Dissections of common quail Pregnova-treated birds.
The dissection of common quail treated with Pregnova is done to
compare it with controlled groups, and morphological characters
have been observed keenly.

Figure 2: Dissections of common quail Brotin-treated birds. The
dissection of common quail treated with Brotin is done to
compare it with controlled groups, and morphological characters
have been observed deeply.

Figure 3: Five-day winter trial Brotin-treated heart. The
photomicrographic representation of the heart in common quails
treated with Brotin in the first five days of trial. It shows the
congestion and hemorrhages in the tissues of the heart.

Figure 4: 10-day summer trial Pregnova-treated heart. The
photomicrographic representation of the heart in common quails
treated with Brotin in ten days’ trial. It shows the inflammation in
the tissues of the heart and necrosis with blood clotting at some
points of the tissues of the heart.

Figure 5: 15-day winter trial Brotin-treated heart. The
photomicrographic representation of the heart in common quails
treated with Brotin in fifteen days’ trials. It shows the inflammation
in the tissues of the heart and fibroblasts.

Figure 6: 20-day winter trial Brotin-treated heart. The
photomicrographic representation of the heart in common quails
treated with Brotin in twenty days’ trial. It shows the inflammation
in the tissues of the heart and microhemorrhages.
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chapter, we addressed the findings of the most recent study,
which followed the empirical research that had been done
previously on the histopathology of common quail. To
begin, we will talk about the histological changes that have
taken place in the tissues that are the focus of our investiga-
tion. Throughout the course of the trial with the common
quail, a variety of clinical symptoms were noticed. These
symptoms included a drooping of the head, an increase in
hunger, hemorrhaging in the liver, body inflammation, and
enteritis. The administration rate of steroids was found to
be 27.0 percent in obese individuals, while it was only 11.9
percent in nonobese individuals. There was a significant dis-

parity between the number of people who were fat and those
who were not obese who used corticosteroids. It was shown
that consuming corticosteroids causes a 10.5 percent rise in a
person’s body weight when they are already obese [13].

During the winter study, the birds that had been treated
with Brotin displayed clinical signs of inflammation, includ-
ing necrosis and a blood clot in the heart muscles. Through-
out the course of the experiment, birds exhibit a variety of
behaviors. Over the course of the test period of 10 days, there
was a marginal shift in the weight of the birds. The weight of
the birds in the experiment that were given Pregnova was
found to be reduced, whilst the weight of the birds that were
given Brotin was found to be increased. After 15 days of
observation, each of the birds exhibited a distinct pattern
of behavior in reference to their body weight. The experi-
ment lasts for fifteen days, and at the end of that time, all
of the birds have gained weight. The overall rise in the body
weight of the birds was observed across all groups, including
the control group as well as the experimental groups that
received either Bromocriptine as mesylate or Pregnova.
The clinical symptoms of kidney congestion, hemorrhages,
and inflammatory excaudate were observed in the birds that
had been treated with Brotin.

The weight of all of the different types of birds has
increased. During this experiment, there was a significant
shift in both the birds’ outward appearance and their physi-
cal behavior. Some bird species get a dark area on their eye
that appears to be tumours, and their skin develops a rough
texture. There was a discernible change in the belligerent
behavior of each and every bird. They are clearly agitated
throughout the feeding procedures, and they attempt to
break free from their stainless steel cages by making loud
noises and squeezing the wire on the cages in an aggressive
manner. Additionally, compared to the initial five to fifteen
days of the trial, their hunger significantly increased.

Two weeks at a dose of 2mg/kg/day, four weeks at a dose
of 1mg/kg/day, and three weeks at a dose of 0.4mg/kg/day.
The change was not particularly dramatic and did not repre-
sent a considerable departure from the baseline values. They
exhibit some traces of impact despite the little amount of
prednisolone that they took. The use of corticosteroids leads
to an increase in mast cell degranulation as well as their

Figure 9: 10-day summer trial Brotin-treated muscles. Photo
representation of muscles of common quails treated with Pregnova
in ten days of summer trial showed necrosis at specific muscle and
fibroblast points.

Figure 7: Histology of common quail normal bird’s muscles (40x).
Photomicrographic representation of quail’s muscle sections was
observed.

Figure 8: Five-day winter trial Pregnova-treated muscles. Photo
representation of muscles of common quails treated with Pregnova
in the first five days of the winter trial showed inflammation at
specific muscle and fibroblast points.

Figure 10: 20-day summer trial Brotin-treated muscles. Photo
representation of muscles of common quails treated with Pregnova
in ten days of summer trial showed congestion at specific muscle
points and dilation in the vessel.
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production. Inhaled corticosteroids have also been demon-
strated to induce inflammation, whereas the effects of corti-
costeroids mixed with those of beta-agonists have been
shown to reduce the amount of inflammatory and allergic
cell infiltration [20].

In the second experiment, which took place during the
summertime, the actual weight of the birds exhibited varied
patterns as a function of the food that they were given. Dur-
ing the course of the experiment, the birds’ weight behavior
consistently increased. When compared to Pregnova, the use
of the steroid Bromocriptine as mesylate resulted in an
increase in body weight that was more pronounced. During
this test that lasted for 10 days, the conduct of the birds was
astonishing in reference to their weight. Because we are
using two separate steroids, each of these two steroids will
have a unique effect. The birds that were fed Bromocriptine
as mesylate consistently increased their weight, and they
raised their weight day by day in comparison to the experi-
ment that lasted five days.

The birds that were given with Brotin over the summer
showed clinical symptoms of fibroblast, inflammation, and
congestion. Both the winter and summer drug trials indi-
cated relatively little changes in the organs; during the first
five days of the Pregnova study, the participants gained
weight; but, during the 10-day trial, they gradually lost
weight. In this experiment, the birds behave less aggressively,
but their medical examinations reveal that they have malig-
nancies on the sides of their eyes. During the twenty-day
winter trials of Brotin-treated birds, baldness was detected;
however, during the twenty-day summer trials, baldness
decrease occurred. After being observed for fifteen days,
the birds behave in an unpredictable manner. The body
weight of the birds that were treated with Bromocriptine

Sinusoid

Endothelial cell

Bile canaliculus

Kupffer cell

Figure 11: Histology of common quail normal liver (40x). Photomicrographic representation of liver sections in common quails that shows
normal histological parameters and structures.

Figure 12: Five-day summer trial Pregnova-treated liver.
Photomicrographic representation of liver sections in common
quails that shows normal histological parameters and structures.

Figure 13: 10-day winter trial Brotin-treated liver. Photo
representation of the liver of common quails treated with Brotin
in ten days of winter trial showed exudation at specific liver
points and severe hemorrhages.
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mesylate saw an increase, while the body weight of the birds
that were treated with Pregnova exhibited a reduction. The
birds that were assigned to the control group saw a rise in
their overall body mass. All three of these groups exhibited
aggressive behavior [21], one as the control group and the
other two as experimental groups.

During the summer study, birds that had been treated
with Pregnova showed clinical indications consisting of
modest dilatation of their kidney cells. There is a correlation
between the size of a bird’s body and its temperature.
Because steroids alter the internal environment, this temper-
ature varies erratically for no apparent reason. In addition to

that, the temperature in the environment is quite hot during
the summer months. During the summer trial, I discovered
that the temperatures of the birds fluctuated when I admin-
istered steroid medications with brand names like Bromo-
criptine as mesylate and Pregnova. Every species of bird
raises their body temperature, but to varying degrees. In gen-
eral, the behaviors of birds were slightly altered, as evidenced
by the fact that they displayed aggressive behavior, head-
dropping inflammation, and particular patches on their legs.
Also, birds will scratch their legs by pinching their beaks,
which causes the scratching behavior. By inserting the ther-
mometer into the anal region, the entire temperature was
able to be determined with the assistance of a thermometer.
A comparison of the tested member’s liver with the livers of
untested groups uncovered the fact that the tested member’s
liver displays a greater degree of change. In the course of the
experimental investigation, steroids were utilised that had a
considerable impact on their homeostatic function. The
enzymes that are found in birds display a response to these
steroids, which can also have an effect on the temperature
of the birds. The temperature of the birds that were given
Bromocriptine as mesylate constantly increased, and
throughout the course of the trial’s five days, the birds’ tem-
perature gradually declined [21].

The total effect of steroids on the temperature of birds
was investigated over the course of twenty days, and during
that time, the temperature did not change. There was not
any discernible change in the temperature of the birds that
were observed. Ovariectomized rats were used in this study
to evaluate the effects of estradiol on the thermoregulatory
responses brought on by methanol. For a period of two
hours, the temperature was 270 or 160. When the tempera-
ture of the tail and the skin was taken at this point, it was
found that the group that had been treated with methanol
had a higher temperature than the rats that had not been
treated with methanol. Because of this, the utilisation of
methanol, which is a steroid, results in an increase in tem-
perature [21].

The cumulative effect of consuming these steroids led to
very unique and distinct manifestations of behavior. All of
the birds exhibit very aggressive behaviors and vocalisations;
they each pop their voices at different intervals and in varied

Figure 14: Five-day summer trial Pregnova-treated kidney. Photo
representation of the kidney of common quails treated with
Pregnova in five days of summer trial showing inflammation and
hemorrhages.

Figure 15: 10-day winter trial Brotin-treated kidney. Photo
representation of the kidney of common quails treated with
Pregnova in ten days of winter trial showing inflammation and
hemorrhages.

Figure 16: 15-day summer trial Pregnova-treated kidney. Photo
representation of the kidney of common quails treated with
Pregnova in fifteen days of summer trial showing blood clotting
and bursting of the blood vessel.

Figure 17: 20-day winter trial Brotin-treated kidney (40x). Photo
representation of the kidney of common quails treated with
Brotin in twenty days of winter trial showing inflammation and
inflammatory exudate.
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ways. Steroids that are anabolic and androgenic are used to
increase desire in both males and females for the purpose
of sexual activity. Both relieving and contributing to depres-
sion are anabolic androgenic drugs. Increasing one’s testos-
terone level might lead to aggressive behavior as well as
psychological symptoms. Some anabolic steroids are gener-
ated synthetically, and the effects of taking them might lead
to hypomania. Reduced steroid usage is another factor that
contributes to depression [22].

Birds had a wide variety of other characteristics as well,
the most notable of which was their tendency to sleep.
According to the findings of that review, the effects of ste-
roids on social interaction and neonatal periods led to a
reduction in the activity level of birds to some degree. The
neonatal phase is critical for the development of the neuro-
logical system as well as the ability to interact socially. In
mammals, the neonatal phases are influenced by steroid
use. The neonatal phase is a particularly delicate time for
all mammals. Steroids and neuropeptides (such as oxytocin,
arginine, and vasopressin) influence how people connect
with one another socially. Neuropeptides are known to have
an effect on a wide range of behaviors, including aggression,
sociosexual behavior, parental conduct, and response to
stress. Altering the levels of this hormone can cause changes
in the social behavior of mammals [14].

5. Conclusion

Both trials of the steroids showed the expected clinical
symptoms and histological alterations, with all processed
groups corresponding to varying degrees of intensity among
the various drugs. Differences in pharmacokinetic potency
and histological response between different steroids are
uncovered in the present investigation. Pregnova exhibits
less severe unfavorable histotoxic effects on birds than Bro-
tin, according to the most recent studies.
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Vegetable waste (spinach, potato, and cauliflower) is a rich and natural source of nutrients, potentially good for supplying
minerals, essential amino acids, and antioxidants to the birds. Relatively, its cost very low, easily to accessible, easily process &
pose little risk of illness. The aim of present study was to evaluate the effect of vegetable waste (VW) as feed supplement on
growth performance and hematology of broiler chicks. For this purpose, a total of 200 (4 days old) vaccinated chicks were
acquired from a commercial hatchery Multan which was acclimated for three weeks (21 days) on basal starter feed after that
25-day-old chicks with uniform body weight were allocated according to a CRD (completely randomized design) into four
dietary treatments with three replicates of each contained 15 chicks in 12 pens. In dietary treatments, chicks were feed with
basal feed (BF) and supplemented feed with vegetable waste (VW) of spinach, potato, and cauliflower. For this purpose, the
dietary treatments included control treatment (T1) (100% BF+0% VW) and other dietary treatments (T2) (75% BF+25% VW),
(T3) (50% BF+50% VW), and (T4) (25% BF+75% VW). The body weight, feed intake, food conversion ratio (FCR), and
mortality were checked on weekly and daily basis. For hematology analysis, after the 1st experimental week (25-day-old chicks)
and the last 5th experimental week (56-day-old chicks), the samples of blood were gathered from the wing’s veins of two birds
from each treatment in random way. At the end of five weeks (35 days), birds with uniform average body weight were selected
per treatment with three replicates (2 bird/replicate) and then were manually slaughtered according to the Halal method to
analyze the weight of internal body organs of broilers by physical and statistical analysis (ANOVA). There was no significant
effect (P > 0:05) on feed intake and FCR among all the dietary treatments. But in average, body weight and BWG were higher
in treatment (T2) (P < 0:01) than all other dietary treatments (T3) and (T4) and control treatment (T1). The blood constituents
in this study showed that broilers in control treatment (T1) and other dietary treatments (T2), (T3), and (T4) fed on different
doses were significantly (P < 0:01) different from each other. The week 5 (W5) shows higher values of blood constituents
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(P < 0:01) than week 1 (W1). The carcass yield of the chicks fed on different doses showed that they were significantly different
(P < 0:01) among the dietary treatments. The VW inclusion 0%, 25%, 50%, and 75% had positive effect on blood constituents
and carcass yield of the broiler chicks; they were significantly (P < 0:01) different among the treatments.

1. Introduction

A broiler is any chicken (Gallus gallus domesticus) that espe-
cially for meat production is raised and bred. In comparison
with beef cattle, sheep meat, and pig meat, the broiler chicks
due to its less expensive and highly availability have shown
an increasing trend across the world. Great flavor, tender-
ness, and the juiciness are the qualities of the broiler chicken
due to its subcutaneous and marbling fat content in the meat
and skin which makes the chicken taste more delicious when
processed [1]. Broiler meats demonstrate as a functional
food with more levels of natural antioxidants [2]. With the
sorts of business interests, the poultry industry has become
a distinct industry such as egg production, broiler produc-
tion, hatchery, and poultry equipment businesses and feed
mills springing up [3]. The fast growth performance of
broilers supports the FCR (feed conversion rations), but
users usually accuse about bad juicy nature and aroma of
poultry meat. The meat quality improved and the growth
rate slows down the commercial broilers by supplementing
the vegetable waste (VW). So, the VW supply only main-
tains their requirements [4].

Across the world, by the change in living way of the soci-
ety they are becoming much serious and worried about their
health performance so, that the need of the people increases
for useful and pure functional feeds. So, the meat of broiler is
testified as functional food due to more level of natural anti-
oxidants ([5] & Hakim et al., 2022). Food waste (FW) can be
avoided around the food supply chain. Avoidable waste food
normally thrown out in the land-fills. Food waste if proc-
essed and utilized in the right way may consist of high nutri-
ents and energy. The proper processing procedure of green
vegetables produced extremely waste material or byproduct,
whichever incorporate about 25-30 percent of the whole
waste [6]. Consequently, appropriate and organized han-
dlings of food waste (FW) not only produce useful and
energetic products but also minimize the crush on the envi-
ronment [7]. Vegetable wastes are easy to access, found
everywhere, and also have high source of nutrients for the
broilers to increase body weight, have good meat quality,
and provide antioxidant stress to broilers [8]. The broilers
which feed on vegetables produce juicy, cholesterol-free,
and tenderness meat have highly demanding properties [8].

Supplemented vegetables to the commercial broilers
slow down broilers’ growth rate to improve and provide
taste in meat quality and supply at low cost to the producers
[4]. Spinach has useful constituents in a modern crop with
rich nutritional and biological values. Spinach is an excellent
supply of nutrients such as manganese, iron, zinc, and mag-
nesium. Spinach also contains little amount of vitamins, like
vitamin A, K, E, and C, thiamine (B1), riboflavin (B2), pyr-
idoxine (B6), and foliate. Spinach on dry basis is an excellent
source of protein, minerals, iron, and vitamins especially

vitamin A, B1, B2, and C [9]. The spinach as a leafy vegeta-
ble can dry, handle, and preserve more easily in powder
form [10]. The little amount of spinach use as supplemented
feed to the chicks did not enhance and better the nutritional
rate of the meat but also improved the color quality and taste
of the meat [11]. Potatoes are a primary food of many fam-
ilies and potatoes are a versatile root vegetable. Potatoes are
low costly and easily grow vegetable which consist variety of
nutrients. Due to their carbohydrate level and protein
composition, the potatoes are considered as rich source of
nutrients. Potatoes are substitute of corn [12]. As compared
to the remaining apart of potato (potato tuber), the sweet
potato peel contains minerals, large amount of proteins,
and other noncarbohydrate compounds [13].

Cauliflower is rich in minerals and lower in calories so,
that cauliflower is acceded a vigor food for the chicks.
Actually, cauliflower contain approximately every minerals
including calcium, iron, vitamin B-6, and vitamin C which
feed to chicks as supplement feed become them healthy
[14]. The inclusion of SPRM (sweet potato (Ipomoea batata)
root meal) feed consisted of about 5 percent that was good &
guide WG (weight gain), consumption of diet & had not pre
contagion ability of initial broiler chickens, not interrupt
with process of hematological & so that it was selected for
optimum broiler starter production conducted by [15]. The
average of vegetable waste used had a substantial impact
(p0.05) on live weight, FCR, AMEn, and metabolic crude
fiber digestibility, as well as a very massive effect (p0.01)
on feed intake, nitrogen retention, and metabolic nutrient
digestibility conducted by Fitasari et al. [16]. The powder
of spinach impacted flesh color, but not thio-barbituric acid
reaction substances or lutenin deposition conducted by [17].
Broilers fed on cauliflower waste as supplemented diets then
the feed conversion efficiency increased with minimum cost.
Thus, supplemented diet as cauliflower waste to broilers up
to 50% level is mostly useful investigated by Kamlesh and
Saraswat [18].

2. Materials and Methods

2.1. Experimental Site. To investigate the combine effect of
vegetable waste like potato, spinach, and cauliflower on the
growth and blood hematology of broilers, the experiment
was conducted at government poultry farm (Shed) nearby
circuit house D. G Khan.

2.2. Collection of Samples. Three different vegetables (potato,
spinach, and cauliflower) were selected as feed supplement.
For the preparation of supplemented feed, the vegetable
waste was collected from the local markets, restaurants,
and homes at D. G Khan.

2.3. Feed Preparation. Vegetable (potato, spinach, and cauli-
flower) wastes were sliced and dried under the shade to
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prevent the loss of volatile nutrients. During the drying pro-
cess, vegetable waste was covered by a fine mesh to keep
them clean from dusts. Moreover, regular turning of vegeta-
ble waste was done to prevent the possible growth of molds.
The air-dried vegetables were crushed in grinder in the form
of fine granular powder or granules. The crushed vegetable
waste was packed in bags of 100 kg capacity and used for
further experimentation.

After that, measured amount of crushed vegetable waste
and basal diet (wheat, rice, and millet) was mixed approxi-
mately for feeding purpose. So, the measured amount of feed
was packed in plastic bags.

2.4. Ingredients of the Experimental Diets. The dietary
ingredients used in this experiment were wheat, rice, millet,
and the three selected vegetable (cauliflower, spinach, and
potato) waste. The wheat, rice, and millet were used as basal
diet. The vegetable wastes (spinach, cauliflower, and potato)
were used as experimental diets with different percentages.

2.5. Experimental Design. The experiment was conducted in
CRD (completely randomize design) composed of four (4)
dietary treatments replicated thrice. Fifteen chicks were
present in each treatment. Treatment (T1) was considered
as untreated controls which were fed only with basal feed
(wheat, rice, and millet). The other treatments (T2), (T3),
and (T4) were supplemented with vegetable waste (spinach,
potato, and cauliflower) along with basal feed at different
percentages. Percentage of different feed supplements in all
the treatments including control is given in Table 1.

2.6. Procurement and Management of Experimental Chicks.
Two hundred (n = 200) four-day-old broiler chicks were
purchased from commercial Multan hatchery. Vaccination
was given against main poultry diseases as viral and bacterial
diseases accordant to scale granted by Multan hatchery from
where the broiler chicks were purchased. The vaccines
against the diseases were received from D. G Khan veteri-
nary institute. The broiler chicks were received with stan-
dard veterinary training and according to the completed
medical care. Their initial weight was measured by weighing
machine. At the experimental site, the chicks were raised for
three weeks (21 days) in a brooding pen and during that time
they were fed starter diets. At the completion of acclimation
period (brooding period), twenty-five-day (25) old, one hun-
dred eighty (n = 180) chicks with uniform body weight were
randomly transferred into experimental pens. Areas given to
each group were equal. Each wood mad pen had a 3∗4-meter
length and was designed to hold 15 chickens, as well as with
drinkers and feeders. There were four treatments including
one control treatment each with three replicates. Floor bed-
ding was covered with plastic sheets. At a height of around
5 cm, the litters of wood shavings or rice husk were utilized.
Those litters were dried completely.

All experimental pens, feeders, and drinkers were
cleaned and formalin sterilized firstly. All of the birds were
kept in the same circumstances (lighting, temperature, ven-
tilation systems, and moisture content). The average temper-
ature of the experimental setup was 35-37°C. Twenty-four

hour lightening system was available according to their need.
The feeding trial was carried out from the 3rd to 8th week of
age, and therefore, for 5 weeks, each of the four treatments of
birds was fed with one of the dietary treatments. Throughout
the trial, clean and fresh water was available at all times. The
study was carried out for five weeks. Mortality was recorded
when it occurred. The vaccination was given at 14th, 21st,
and 28th day of the experimental period. Initial and weekly
body weight was measured for growth performance. The
FCR (feed conversion efficiency) was recorded. Blood sam-
ples were taken two times during experimental periods to
check the blood status of broiler chicks. Organs’ weights
were measured after dissection at the end of experimental
period for carcass yield.

2.7. Data Calculation and Analysis. Data were collected on
daily basis and on weekly basis. On daily basis, feed con-
sumption and feed repulsion were recorded. Each group’s
body weight and feed intake were monitored on a weekly
basis.

The following analyses were performed to check the
impact of VW (vegetable waste) on growth performance
and hematology of broiler chicks.

(i) Growth performance analysis

(ii) Blood constituents analysis

(iii) Statistical analysis

2.8. Growth Performance Analysis. During the experimental
trail, the broiler chicks had been fed on a replica basis
according to the applied feed scale, with a measured amount
of diet provided each day between 8 : 00 am and 16 : 00 am.
Before offering and weighing feed, the rejected feed always
was gathered every next morning. The amount of feed con-
sumed was then calculated by subtracting the repelled feed
from the applied feed. The weight of body was measured at
the start of the trial (called the initial weight) and subse-
quently on a weekly basis before feeding between 7 and
8 a.m. The ultimate body weight gain was observed by taking
a weight of body at the ending of the experimental time
period. After that, the total BWG (body weight gain) was
determined by subtracting the starter and ended body
weights. Mortality was calculated on daily bases. Total feed
consumption and total BWG (body weight gain) were used
to determine the FCR.

Table 1: Experimental design of feeding trials.

Dietary treatments Inclusion rate of VW
Replications

R1 R2 R3 Total

T1 (control) (0% VW+100% BF) 15 15 15 45

T2 (25% VW+75% BF) 15 15 15 45

T3 (50% VW+50% BF) 15 15 15 45

T4 75% VW+25% BF) 15 15 15 45

Total broiler chicks 60 60 60 180
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The feed conversion ratios (FCR) were measured by the
following formula:

FCR = Input of feed/Weight gained by the animal.

2.9. Data on Carcass Components. Two hens per replication
were chosen at the ending of the experimental period; those
BWG were closest to their subgroups’ mean and maintained
in a separate pen with no diet. So, at the end of experiment,
the chicks were starved overnight, and they were individu-
ally weighed (to determine slaughter weight) and decimated.
After de-feathering and removing the feet, skull, and internal
organs, the dressed carcass weight was calculated, with the
skin retained. The carcass yields, drumsticks, thighs, and
breast were all prepared and weighted. The wings were
removed through an upper limbs incision at the distal end
of the tibia. It was possible to acquire the breast part. The
thighs and drumstick parts were obtained by cutting
throughout the junction between the femur and the ilium
bone fragments of the coccyx. An incision across the junc-
tion made by the fibula, femur, and tibia severed that the
drumstick from the thigh. The dressing % was estimated
by dividing the dressed carcass weight by the slaughter
weight.

2.10. Blood Constituents Analysis. Analyses of proximate
nutrients were performed through blood chemistry analysis
by following way. For hematology constituents analysis, after
the 1st experimental week (25-day-old chicks) and the last
5th experimental week (56-day-old chicks), the sample of
blood were gathered from the wing’s veins of two birds
and were selected from each treatment in random way. Five
milliliter (5ml) blood was taken from the wing’s a bird per
treatment for hematology analysis. Samples of blood were
taken in vials with anticoagulant two times during experi-
mental period with each replicates. A complete blood count
(CBC) test from the Kot Chutha medical lab in D. G Khan
was used to calculate hematological components including
RBC (red blood cell), WBC (white blood cell), HBG (hemo-
globin concentration), MCHC (mean corpuscular hemoglo-
bin concentration), MCH (mean corpuscular hemoglobin),
GRA (granulocytes), PCV (pack cell volume), and MPV
(mean platelet volume).

2.11. Statistical Analysis. The average feed consumption
(intake) (g), average body weight and BWG (g), CBC, and
output of carcass components were all analyzed using SAS
software’s one-way ANOVA. The means had compared by
using DMR (Duncan multiple range) test. The results of
the experimental trial were reported as mean± standard
error of the mean (SEM).

3. Results and Discussion

In this current study, the initial weight of the broilers (4 days
old) chicks was not significantly different from each other,
which shown that all the birds had uniform body weight at
the start of experiment. After the acclimation periods of
21 days, the broiler chicks show uniform body weight at
the age of 25 days and agreed with work of Fitasari and
Mushollaeni [19] who report that body weight and feed

intake show nonsignificant difference in commercial feed-
ing during acclimation period until the age of 14 days
which means that the impact of diet was not observed in
the chicks during the commercial feedings.

3.1. Average Body Weight and Body Weight Gain (BWG).
The average body weight and BWG mean body weight gain
are significantly different (P < 0:01) among the dietary treat-
ments described in Tables 2 and 3. The broilers of treatment
(T2) fed on (25% VW+75%) BF showed the highest final
body weight and weight gain (P < 0:01) followed by other
treatments that fed on the control treatment (T1) (0%
VW+ 100%BF) and treatments (T3) (50% VW+ 50% BF)
and (T4) (75% VW+25%BF), respectively, but not signifi-
cantly different from control treatment (T1). In the diet
of the broilers, the percentage of volume weight (VW)
increased and resulted in less nutritional intake and stop
the growth [20, 21]. Also the amount of the fiber increase
in the diet resulted in poor nutritional value and feed effi-
ciency [22]. The results of this study were fully agreed
with the study of Oun [23] who reported that by the use
of 25% VW in the diet of the broiler chicks, the FBW
(final body weight) increased as compared to the diet of
control treatment.

3.2. Feed Intake and Feed Conversion Ratio (FCR). In the
current study, there was no significant effect (P > 0:05) on
feed intake, but FCR was nonsignificant (P > 0:05) at the
start and became significant at the end of experimental
period (P < 0:05) as described in Tables 4 and 5 in accor-
dance with Sakib et al. [24]; there was feed conversion ratio
decreased at increased level of potato meal in broiler diet
because the potato meal did not directly effect on the feed
intake and growth performance of broiler chicks at 21, 28,
35, and 42 days of age. Maung et al. [25] observed that there
was no significance difference (P > 0:05) at FCR and feed
intake and body weight gain and live weight of broilers fed
at 0 g, 34.5 g, and 69 g green vegetable (water spinach) with
BF which promote the growth performance of broilers
among dietary treatments agreed with current study at
FCR and feed intake (P > 0:05) and showed controversy at
live weight and body weight gain (P < 0:01) of broiler chicks.
This study agreed with the study of Okapanchi et al. [26]
who reported that there was no significant difference
(P > 0:05) on feed intake of broilers on yam peels. He also
observed that the amount of the fibers increases in the diet
increases the feed intake in broiler chickens; the FCR did
not show significant difference across the dietary treatments.

3.3. Carcass Components. Chicks fed on control diet (T1)
had higher weight of the liver, dress carcass, breast meat,
and drum stick weight than other dietary treatments which
were significantly different (P < 0:05) from each other. But
the lungs and large intestine are nonsignificant (P > 0:05)
among different dietary treatments described in Table 6.
This study agreed with the result of Melesse et al. [27] who
observed the broilers who fed on (T2) (30 g/kg SPLM) had
higher slaughter weight and things weight. The current
study shows controversy with Mozafari et al.’s [28] work
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who used the different level of cooked and raw potato
replacing with 25 and 35% seed of maize which reported that
the dietary treatments had nonsignificant effect (P > 0:05)
on weight of thighs, breast, and liver of broiler chicks.

This study agreed with the results of Tamir and Tsega
[29] who used the dried level of SPLM (sweet potato meal)

at 0, 50, 100, 150, and 200 g/kg level which showed that
drumstick, breast meat, and thighs are not affected with
the dietary supplements because that material did not con-
tain any dangerous effect on the health status and perfor-
mance of the broiler chickens. The giblets’ weight and the
slaughter weight of broilers decrease with the increase of

Table 2: Average body weight for broiler chicks fed with different levels of VW (mean ± SEM).

Average body weight
Control: T1 T2 T3 T4 P value Significance

Week 1 315 ± 0:86b 335:5 ± 0:86a 304:334 ± 0:61c 286:8334 ± 0:72d .9071 NS

Week 2 567:5 ± 0:28b 585:83 ± 0:88a 548:167 ± 0:73c 503 ± 0:764d .1939 NS

Week 3 872:67 ± 0:61b 898:667 ± 0:61a 863:5 ± 0:87c 836:334 ± 0:88d .1233 NS

Week 4 1092:334 ± 0:44b 1115:167 ± 0:44a 1073:67 ± 0:601c 1042:834 ± 0:73d .4274 NS

Week 5 1414 ± 0:76b 1507:167 ± 0:44a 1291 ± 1:041c 1256:167 ± 0:73d .0184 ∗

abc =means with same superscripts are non significant; ∗∗ = significant.

Table 3: BWG for broiler chicks fed with different levels of VW (mean ± SEM) during.

Body weight gain (BWG)
Control: T1 T2 T3 T4 P value Significance

Week 1 207:5 ± 0:86b 226:5 ± 0:86a 196:34 ± 0:61c 180:834 ± 0:72d .9071 NS

Week 2 460 ± 0:288b 476:83 ± 0:88a 440:167 ± 0:7c 397 ± 0:7637d .1939 NS

Week 3 765:167 ± 0:6b 789:67 ± 0:61a 755:5 ± 0:86c 730:334 ± 0:88d .1233 NS

Week 4 984:83 ± 0:44b 1006:167 ± 0:4a 965:667 ± 0:6c 936:834 ± 0:726d .4274 NS

Week 5 1306:5 ± 0:76b 1398:167 ± 0:4a 1183 ± 1:041c 1150:167 ± 0:73d .0184 ∗

abc =means with different superscripts show that values are significantly different;∗∗ = significant.

Table 4: Feed intake for broiler chicks fed with different levels of VW (mean ± SEM).

Feed intake
Control: T1 T2 T3 T4 P value Significance

Week 1 617 ± 150:32 541 ± 4:583 450:667 ± 23:49 401:334 ± 22:06 .2751 NS

Week 2 776:67 s ± 49:16 1012:334 ± 111:78 816:334 ± 20:17 869 ± 78:71 .1966 NS

Week 3 1332:34 ± 56:37 1794:67 ± 197:12 1424 ± 93:724 1923 ± 298:61 .1519 NS

Week 4 2365:34 ± 173:28 2726:334 ± 289:60 2432 ± 393:85 2857:667 ± 07:26 .5740 NS

Week 5 3980 ± 107:59 4579 ± 62:978 4287 ± 240:251 4486:667 ± 242:66 .1750 NS

NS: nonsignificant.

Table 5: FCR for broiler chicks fed with different levels of VW (mean ± SEM).

Feed conversion ratio (FCR)
Control: T1 T2 T3 T4 P value Significance

Week 1 2:1634 ± 0:0837 2:2167 ± 0:158 2:2934 ± 0:122 2:2134 ± 0:129 .9071 NS

Week 2 1:6834 ± 0:11 2:1167 ± 0:23 1:85 ± 0:045 2:1834 ± 0:202 .1939 NS

Week 3 1:7367 ± 0:074b 2:267 ± 0:24 1:88 ± 0:123 2:63 ± 0:407 .1233 NS

Week 4 2:38 ± 0:161a 2:7067 ± 0:29 2:51 ± 0:408 3:0467 ± 0:22 .4274 NS

Week 5 3:04 ± 0:08c 3:27 ± 0:046bc 3:59 ± 0:196ab 3:897 ± 0:212a .0184 ∗

NS: nonsignificant.
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the supplemented feed as 100 g/kg dried sweet potato meal
had gave higher giblets weight than 150 g/kg and 200 g/kg
dried sweet potato meal.

3.4. Blood Constituents. The blood constituents in this study
showed that broilers in all treatment groups fed on different
doses were significantly (P < 0:05) different from each other.
The value of RBC was lower in W5, and all other contents
were higher in W5. The treatment (T4) had higher values
of WBC, MID, GRA, HGB, MCV, and MPV in W5 than
W1 that were significantly (P < 0:05) different from each
other as described in Table 7. This study of blood constitu-
ent’s controversy with the report of waken Elle (2010),
who observed that in all the treatments, the values of the
hemoglobin, RBC, and MCHC obtained were within the
normal range. So, the highest values can be shown in

hematocrit and mean corpuscular volume, and the mean
corpuscular concentration was lower. This study show
controversy with the study of [11] he used VW as 0%,
25%, 50%, 75% and 100% who reported that there was
no significant difference in the immune status of broilers
fed on different doses in different dietary treatments that
decrease the intake of commercial by fed on more concen-
tration of vegetable waste that not impact on the immune
status of the broilers chicks. This study showed similarity
at some extent with [30] who used 0%, 5%, 10%, and
15% Irish potato peel meal (IPPM) replaced with the
maize in diet and observed that the blood constituents
were significantly different (P < 0:05) from each other in
different dietary treatments. The white blood cells were
higher in control treatment (T1) but also similar with
(T4) than (T2) and (T3) which were significantly different

Table 6: Carcass components weight of broiler chicks fed with different levels of VW (mean ± SEM).

Carcass components
Control: T1 T2 T3 T4 P value Significance

Slaughter weight (g) 1413:167 ± 0:7b 1506:5 ± 0:5a 1290:167 ± 1:01c 1255:34 ± 0:60d .9071 NS

Dress carcass (g) 901 ± 2:08a 881:34 ± 1:8b 863:67 ± 0:8c 802:334 ± 1:45d .1939 NS

Dressed % 63:734 ± 0:12b 58:476 ± 0:107c 66:89 ± 0:03a 63:537 ± 0:26c .1233 NS

Breast meat % 28:71 ± 0:12a 26:72 ± 0:12b 22:17 ± 0:04c 20:101 ± 0:17d .4274 NS

Thighs % 13:23 ± 0:036d 19:51 ± 0:04a 16:92 ± 0:109b 16:4584 ± 0:09c .0184 ∗

Drum stick (%) 12:54 ± 0:089a 16:561 ± 0:09b 15:821 ± 0:14b 15:4853 ± 0:06c .9071 NS

Wings (%) 11:5203 ± 0:16d 13:002 ± 0:136b 12:33 ± 0:09c 14:68 ± 0:165a 0.011 ∗∗

Gizzard (%) 2:976 ± 0:015c 4:97 ± 0:08a 4:667 ± 0:08a 4:337 ± 0:14b 0.013 ∗∗

Liver (%) 3:4944 ± 0:05a 3:239 ± 0:04b 1:99 ± 0:018d 2:388 ± 0:03c 0.015 ∗∗

Heart (%) 0:65 ± 0:012d 0:803 ± 0:04c 0:9708 ± 0:028b 1:185b ± 0:03a 0.017 ∗∗

Lungs (%) 0:703 ± 0:018a 1:045 ± 0:013a 0:798 ± 0:39a 0:821 ± 0:0254a 0.673 NS

Kidney (%) 0:607 ± 0:018d 0:86 ± 0:029c 1:009 ± 0:019b 1:18767 ± 0:02a 0.013 ∗∗

Small intestine (%) 7:117 ± 0:038d 7:46 ± 0:013c 7:84 ± 0:031b 8:82134 ± 0:04a 0.014 ∗∗

Large intestine (%) 0:86 ± 0:0145a 0:857 ± 0:37a 0:89 ± 0:032a 0:595 ± 0:043a 0.662 NS

abc =means with different superscripts on the different rows among the different treatments are significantly different;∗∗ = significant; NS: nonsignificant.

Table 7: Blood constituents for broiler chicks fed with different levels of VW (mean ± SEM).

Blood constituents
T1 T2 T3 T4 P value Significance

WBC (10^3/uL) 110:26 ± 1:56c 121:97 ± 1:90a 105:29 ± 5:2d 115:72 ± 8:525b .9071 NS

LYM (10^3/uL) 99:04 ± 0:92b 109:22 ± 0:52a 92:97 ± 1:95c 98:68 ± 3:77b .1939 NS

MID (10^3/uL) 7:88 ± 0:918c 8:93 ± 0:747b 7:58 ± 1:298c 13:11 ± 3:556a .1233 NS

GRA (10^3/uL) 3:75 ± 1:53d 3:80 ± 1:487c 4:60 ± 1:889b 7:80 ± 3:338a .4274 NS

RBC (10^6/uL) 2:17 ± 0:023b 2:30 ± 0:008a 1:95 ± 0:090c 1:46 ± 0:174d .0184 ∗

HGB (g/dL) 9:15 ± 0:086a 9:08 ± 0:048a 7:85 ± 0:45c 8:65 ± 0:52b .9071 NS

MCHC (g/dL) 33:99 ± 0:08b 34:17 ± 0:62b 34:58 ± 0:85b 50:67 ± 6:32a .1939 NS

MCH (pg) 42:07 ± 0:574b 39:72 ± 0:236c 39:53 ± 0:65c 66:20 ± 11:449a .1233 NS

MCV (fL) 124:48 ± 1:38b 117:68 ± 3:09d 118:67 ± 3:73c 125:43 ± 7:08a .4274 NS

MPV (fL) 3:72 ± 0:06b 3:68 ± 0:09b 3:68 ± 0:083b 4:20 ± 0:23a .0184 ∗

abc =means with different superscripts on the same rows among the different treatments are significantly different;∗∗ = significant.

6 BioMed Research International



RE
TR
AC
TE
D

(P < 0:05). This study is in accordance with the report of
[17] who reported that the concentration of HGB
increased with the age of broilers.

4. Mortality

In the current study, there were no difference in the mortal-
ity of broilers during experimental periods agreed with the
[19] work shown mortality on livestock experimental period
experienced by illness or death in broiler chicks. The results
of this study was also accordance with work of Whittemore
et al. [31] and Agwunobi [32–36] who reported that the die-
tary treatments using potato did not show any significant
effect (P > 0:05) on the mortality.

5. Conclusion

Spinach, potato, and cauliflowers are the vegetables that
have not enhanced and bettered the nutritional rate of the
meat but also improved the color quality and taste of the
meat of broiler chicks. In the current research, it is con-
cluded that the dietary supplementation of vegetable waste
had good effect on growth performance at 25% concentra-
tion in dietary treatment (T2). Consequently, appropriate
and organized handlings of food waste (FW) not only pro-
duce the useful and energetic products but also minimize
the crush on the environment. Processing food waste pro-
vides the valuable high nutritional organic part of food
which would be reused for the animals as due to their nutri-
tional values especially as for livestock food part.
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Cardiovascular disease is the primary reason for chronic heart diseases and mortality worldwide. Hypertension (HTN) is the
utmost dominant risk factor for the evolution of several diseases. Herbal medicines, traditional medicinal herbs, and their
extracts are widely utilized to treat and monitor HTN. Herbal components have been shown to help relax arteries and lower
oxidative stress. The current study assesses the probable role of herbal plant extract Lagerstroemia speciosa (LS) in the LNAME
induced HTN in rats. LNAME (50mg/100mL) in drinkable water was given to rats for five weeks. There was a significant
upsurge in LNAME-treated hypertensive rats’ blood pressure (BP). On treatment with LS, it ameliorates blood pressure.
Further, LS also improved body weight, reduced heart weight, and heart hypertrophy. The NO/cGMP concentration was
lowered along with a substantial upsurge in the level of glutathione and a decline in MDA level. The LS extract also reduced
the inflammatory cytokine markers in the systemic circulation. In conclusion, thus, the extract of LS treatment can efficiently
alleviate the BP, oxidative stress markers, and inflammation and improve NO/cGMP concentration in LNAME induced HTN
in rats.

1. Introduction

Hypertension (HTN) is a crucial risk element for heart
attacks, heart failure, and strokes [1, 2]. HTN is a significant
indicator of the potential danger of progressing cardiovascu-
lar disorder [3]. HTN is typically costly as problems arising
due to it are peripheral vascular disease (PVR), coronary
artery disease (CAD), chronic renal and heart failure, cere-
brovascular disease, [3] and diabetic cardiomyopathy [4].
HTN has been one of the globe’s most frequent manifesta-
tions linked to early disease and mortality. As per the Cen-
tres for Disease Control and Prevention, HTN is
accountable for >5.8% of all deaths and greater than 45 per-

cent of all heart disease-related deaths. Antihypertensive
therapy reduces the risk of severe cardiovascular risk by
decreasing blood pressure (BP) and improving HTN risk
factors [1, 2]. Without treatment, even a slight elevation in
BP enhances the chance of attaining cardiovascular disease
(CVD) and organ damage [5]. By reducing vascular resis-
tance and increasing blood flow, vasorelaxation can help
control HTN [6].

One of the factors that are supposed to involve in the
progression as well as development of HTN is reactive oxy-
gen species (ROS), which includes a number of metabolic
signalling pathways. Aerobic animals continuously generate
ROS, which are chief regulators of various physiological
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functions. Consequently, ROS is toxic at enhanced levels and
produces widespread damage to the cell and tissue and
poorly marks numerous physiological activities [6]. Numer-
ous pathways by which ROS induces HTN comprise reduced
bioavailability of nitric oxide (NO) [7], enhanced expression
of ACE [8], and stimulation of AT1 receptor [9]. Owing to
their antioxidant potential, several natural flavonoids are
demonstrated to have the effect of antihypertensive by
increasing the nitric oxide bioavailability [10, 11]. Findings
have shown that ROS scavenging is also essential for treating
HTN and that ACEI, such as antioxidant phenols, is a pre-
ferred antihypertensive agent. Medicinal plants as well as
phytopharmaceuticals have been used for the treatment of
severe diseases and have least adverse effects [12–16].

Lagerstroemia speciosa (LS or LSE) is usually known by
name banaba. It has antidiabetic [17], antiobesity [18], α-
glucosidase inhibitors [19], and anti-inflammatory proper-
ties [20]. Additionally, it also has effects against diabetic
nephtopathy [21]. Since the antihypertensive activity of LS
has not been reported, and no research have been done to
date on the antihypertensive activity of LS. This research,
therefore, explored the antihypertensive efficacy of LS in
Nω-Nitro-L-arginine methyl ester hydrochloride (LNAME)
induced HTN in rats.

2. Material and Methods

Animal experimental studies have been conducted according
to Imam Mohammed Ibn Saud Islamic University’s rules,
Saudi Arabia–IRB. No. HAPO-01-R-0011. Throughout the
duration of the trial, the animals had access to both food
and water ad libitum. The Sprague Dawley (SD) rats were
used in the present study. The rats were of the weight 150-
180 g and aged 5-6 weeks old. The standard drug used was
captopril (CAPT) 10mg/kg, for six weeks [22]. The blood
pressure of LNAME group was compared with extract-
treated LS, and CAPT group (Supplementary Figures S1–
S4).

2.1. LNAME Induced HTN in Rats. In total, four groups of
180-200 grams male SD rats were used for the experiment,
containing 6 animals. The groupings of rats were as follows:

(a) Control group: SD rats were served as control

(b) LNAME group: LNAME (50mg/100ml water) in
water was provided for consumption to the rats for
four weeks served as a hypertensive group

(c) LNAME+LS group: LNAME (50mg/100ml water)
were treated with LS (400mg/kg) for six weeks

2.2. BP Measurement. The induction of hypertension in the
rats was confirmed by the use noninvasive blood pressure
measurement technique (Columbus, U.S.A.) [1].

2.3. Determination of Body Weight (BW), Heart Weight and
Cardiac Indices. Animals were anaesthetized with urethane
at the end of the experiment, and blood was taken from
the abdominal aorta. The heart was removed and cleaned,
and the weights were determined. The heart weight indices

were estimated by dividing the weight of the heart by the
weight of the body.

2.4. Determination of NO, cGMP and Inflammatory
Cytokines Level. The plasma NO level, cGMP concentration,
and inflammatory cytokines were estimated by using NO
Colorimetric Assay Kit, cGMP immunoassay EIA kit (Cay-
man Chemical, USA) assay kit, and TNFα, IL6, and IL1β
ELISA kits (Elabscience, U.S.A.) as per the defined manufac-
turer’s protocols.

2.5. Determination of ROS and Oxidative Enzymes. ROS was
determined in heart tissue following the defined protocol [1,
3]. In tris buffer, the cardiac tissue was homogenized and
then it was filtered. After that, cardiac tissue homogenate
was incubated with DCFDA at 37°C for half an hour. The
reading was taken at the excitation and emission wavelength
of 488 nm and 530 nm. The antioxidant enzymes malondial-
dehyde (MDA), superoxide dismutase (SOD), and reduced
glutathione (GSH) was estimated according to the methods
described before [14, 15].

2.6. Hematoxylin and Eosin (H&E) Staining. After measur-
ing the hemodynamic parameters, the hearts were subse-
quently removed, placed in a solution of 4% formalin, and
allowed to remain there for 24 hours. The heart tissue sam-
ples were then encased in blocks made up of paraffin. The
tissue samples were cut to a thickness of 5 micrometres
and stained with H&E dye [3].

2.7. Real-Time PCR. The heart tissue was used for the isola-
tion of RNA using trizol method. After the RNA isolation
from the heart tissue by trizole, was then its OD was mea-
sured using nanodrop (Thermo fischer) and then it was
transcribed into cDNA using reverse transcriptase kit of
cDNA, and the RT qPCR was performed according to the
defined protocol [1, 15]. The list of primer is given in supple-
mentary table 1.

2.8. Data Analysis. For statistical analysis, Prism software
version 8.0 (USA) have been used. To assess statistical signif-
icance, a one-way analysis of variance was performed,
followed by the Newman-Keuls Multiple Comparison Test
and the t-test. Data are represented as Mean ± Standard
error of mean (SEM), ∗Control vs LNAME; # LNAME vs
LNAME+LSE ∗∗P < 0:01, ∗∗∗P < 0:001; #P < 0:05,
##P < 0:01, ###P < 0:001.

3. Results

3.1. Effect of LS on Hemodynamic Parameters. HTN was
induced by LNAME given orally to the rats in drinking
water. The BP was increased to 171:19 ± 1:26mmHg in
LNAME group as equated to the control group 113:66 ±
2:26mmHg, respectively (Figure 1). On treatment with the
LS for six weeks, the BP was significantly ameliorated to
126:90 ± 1:36mmHg compared to the diseased group rats’
171.19± 1.26mmHg (Figure 1).

3.2. Effect of LS on the Morphometric Parameters. Diseased
group (LNAME) rats showed a considerable loss of BW
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Figure 1: Effect of L.S.E. on BP (a) systolic blood pressure (SBP); (b) diastolic blood pressure (DBP); (c) mean arterial pressure (MAP); and
(d) heart rate (HR).
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Figure 2: Effect of LSE on (a) body weight (BW); (b) heart weight (HW); (c) heart weight/body weight (HW/BW) (d) left ventricle weight
(LVW); (e) left ventricle weight/body weight (LVW/BW).
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(P < 0:01) equated to the normal group. LS treated for 6
weeks improves the decline in BW (P < 0:01) significantly
as compared to the LNAME group rats. The heart weight
and cardiac indices were found to upsurge substantially in
the LNAME group rats. LS mitigates the heart weight and
cardiac index significantly (Figure 2).

3.3. Effect of LS on NO, cGMP Level, and eNOS Expression.
The plasma level of N.O., cGMP, and eNOS expression
was found to be declined significantly in the LNAME group

rats (Figure 3). The NO, cGMP level, and the eNOS expres-
sion were markedly improved after the treatment.

3.4. Effect of LS on ROS Production, Oxidative Stress (OS),
and Myocardial Inflammation. The ROS generation was
assessed in heart tissue by fluorometry. The ROS level was
increased in LNAME rats. LS treated group displayed signif-
icantly reduced level. Besides, the level of various OS
markers, such as GSH, MDA, and SOD were abnormal in
diseased group rats (Figure 4).
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Figure 4: Effect of LSE on (a) fluorescence intensity, (b) MDA level, (c) GSH level, (d) SOD activity.
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On the other hand, treatment with LS, in the above levels
were improved significantly parallel to the normal group.
The LNAME heart depicted hypertrophy, and the architec-
ture was abnormal in the tissue (Figure 5).

The level of inflammatory markers, TNFα, IL1β, and IL6
were augmented in LNAME group rats significantly, which
was reduced by treatment with LS. Additionally, qPCR anal-
ysis of the gene expression of the above heart inflammatory
cytokines and the mRNA level in heart tissue ascertained the

above inflammatory cytokines in hypertensive rats
(Figure 6).

4. Discussion

The continuous detrimental effect of HTN on one’s health,
despite the availability of efficient medications, necessitates
the development of new pharmacological treatments [9].
Due to their minimal side-effect profiles, complementary,
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and alternative remedies may be more beneficial to many
people having cardiovascular problems, and there is a
demand for natural medicines. HTN and associated diseases
are routinely treated using traditional medicine [1, 2].

LNAME induced HTN is due to the obstruction of
enzyme nitric oxide synthase (NOS) due to which there is
a deficiency of nitric oxide in the body. This leads to endo-
thelial dysfunction and increase in BP. The blockade of
NOS leads to generation of ROS [23]. Phenolics, such as fla-
vonoids, inhibit the ROS production and have antioxidant
potential, recently studied [1, 24]. Therefore, the current
study shows that in vivo LS treatment to LNAME induced
hypertensive rats, effectively decreases BP and enhances
eNOS expression and improves NO/cGMP level. The BP
decrease in the extract treatment group by the LS adminis-
tration was equivalent to the group treated by standard drug
captopril. The positive control drug captopril ameliorated
the BP significantly in the CAPT group in line with LS treat-
ment (Supplementary Figures S1–S4).

We found no toxicological effects in the rats during the
six weeks of LS treatment, as evidenced by their demeanour.
Furthermore, the BW of the LS-fed groups was similar to
that of the control group, indicating that six weeks of LS
administration is safe. As a result of the antihypertensive
evaluation, LS revealed a considerable reduction in BP.
Through the synthesis of endothelial-derived relaxing fac-
tors, such as NO/cGMP, the endothelium modulates vascu-
lar activity by modifying the effect of contractile chemicals
on the vascular smooth muscle layer of the blood arteries
[25, 26]. When comparing to the control group, the NO/
cGMP level in the LNAME group was reduced. Vasocon-
striction of the arteries occurs when NO levels are low,
resulting in an augmented CO and BP. Flavonoids cause
vasodilation because they have an antioxidant effect, pre-
venting the generation of peroxynitrite and so improving
the bioavailability of NO, causing vasodilation and reducing
BP [27]. On further treatment with LS containing flavo-
noids, there was an increase in plasma NO levels compared
to LNAME, hypertensive groups.

Endothelial dysfunction (ED) is delineated by
reduced NO production in the aorta, which is linked
to lowered eNOS [28]. The activity of p-eNOS has been
observed to be ameliorated in the LNAME group rats
aorta [29].

In HTN, there is an higher OS [30], leading to enhanced
ROS production and inflammation in the body [31]. ROS
causes inflammation in blood arteries by numerous path-
ways, one of which is an upsurge in inflammatory cytokines
including TNFα, IL6, and IL1β [32]. MDA is the end-
product of lipid peroxidation enhanced by ROS production
[33]. Injury to the different organs from enhanced ROS gen-
eration leads to development of HTN [34]. LS decreases the
formation of ROS, MDA level, and recovers the level of GSH
in body. MDA production is employed as a predictor of OS-
induced lipid peroxidation [35, 36]. Compared to the control
group, the LNAME group had lower SOD and GSH levels.
The MDA level was augmented significantly in the LNAME
group. On treatment with LS, it enhanced the SOD, GSH,
and decreased the MDA content. LS, therefore, had some

antioxidant activities and were able to inhibit free radical
production.

5. Conclusion

The antihypertensive effect of LS declined the increase in BP
in LNAME induced hypertension rats. It enhanced the level
of NO/cGMP, thereby enhancing the eNOS expression in
the heart tissue. It also ameliorated the generation of ROS
production, oxidative stress enzymes, and inflammatory
cytokines. Thus, it was found that LS has antihypertensive
property. Furthermore, the chemical elements from this
plant need to be isolated and validated for their antihyper-
tensive activity to be employed in the clinical trial
investigation.
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Mean ± S:E:M, ∗Control vs LNAME; #LNAME vs LNAME
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Relaxin family peptides significantly regulate reproduction, nutrient metabolism, and immune response in mammals. The present
study aimed to identify and characterize the relaxin family peptides in cattle and buffalo at the genome level. The genomic and
proteomic sequences of cattle, buffalo, goat, sheep, horse, and camel were accessed through the NCBI database, and BLAST
was performed. We identified four relaxin peptides genes (RLN3, INSL3, INSL5, and INSL6) in Bos taurus, whereas three
relaxin genes (RLN3, INSL3, and INSL6) in Bubalus bubalis. Evolutionary analysis revealed the conserved nature of relaxin
family peptides in buffalo and cattle. Physicochemical properties revealed that relaxin proteins were thermostable, hydrophilic,
and basic peptides except for INSL5 which was an acidic peptide. Three nonsynonymous mutations (two in RLN3 at positions
A16>T and P29>A, and one in INSL6 at position R32>Q) in Bos taurus, whereas two nonsynonymous mutations (one in
RLN3 at positions G105>w and one in INSL3 at position G22>R) in Bubalus bubalis, were identified. INSL3 had one indel
(insertion) at position 55 in Bos taurus. Gene duplication analysis revealed predominantly segmental duplications (INSL5/
RLN3 and INSL6/INSL3 gene pairs) that helped expand this gene family, whereas Bubalus bubalis showed primarily tandem
duplication (INSL3/RLN3). Our study concluded that relaxin family peptides remained conserved during the evolution, and
gene duplications might help to adapt and enrich specific functions like reproduction, nutrient metabolism, and immune
response. Further, the nonsynonymous mutations identified potentially affect these functions in buffalo.

1. Introduction

The relaxin peptide family comprises seven peptides with
significant structural similarities but low sequence resem-
blance. It includes seven genes, relaxin like RLN1, -2, and
-3, and insulin-like INSL3, -4, -5, and -6 in most mammals
[1], but their number varies. These peptides show a high
sequence resemblance with insulin due to the presence of
six cysteine residues that provide the 2 interchain and 1
intrachain disulphide linkages. Each relaxin peptide family
member is constituted of two chains called A and B chains

[2]. These chains are connected by two disulfide bonds pres-
ent between them and one disulfide bond within the A
chain. Each chain contained the cysteine residues together
with distinctive disulfide bonding, which are found con-
served across all family members [2].

The RLN1 and RLN2 are present in humans and higher
primates like apes. Both are referred to as relaxin as human
RLN2 is an orthologue to RLN1 in other mammals [1, 3].
RLN3 was first identified in 2002 and is considered the com-
mon ancestral gene for all relaxin peptides [2, 4]. RLN1 and
its orthologue RLN2 play an important role in reproduction
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in mammals [5], but in bovines, these genes have been lost
during the evolution and have no traces in the genome [6].
RLN3 has been shown to play a role in nutrient metabolism
in cattle [7]. INSL3 plays a crucial role in testicular descent
by promoting the growth and development of the guberna-
culum ligament [8]. INSL4 is highly expressed in the pla-
centa and might be involved in bone development [5, 9].
Its receptor is yet to be identified. INSL5 with its cognate
receptor RXFP4 has been suggested to play important role
in immune response regulation, signal transmission to
CNS through the vagus nerve, and autocrine/paracrine func-
tion within the intestinal tract [10]. INSL6 role in sperm pro-
duction has been determined in buffalo [11].

Relaxin family peptides have important role in ruminant
reproduction and nutrient metabolism as mentioned above.
The availability of genomic data has provided opportunity to
perform genome-wide characterization of protein families
using the different available bioinformatics tools. Many
studies have been conducted to identify the evolutionary
relationships, physicochemical characteristics, comparative
amino acid analysis, effects of mutations, and gene duplica-
tions in important protein families in ruminants [12–15].
The present study was conducted to characterize relaxin
family peptides in cattle (Bos taurus) and buffalo (Bubalus
bubalis) at genome-wide level in order to better understand
their evolutionary significance, physicochemical properties,
and gene duplications events.

2. Materials and Methods

2.1. Genome-Wide Identification of Relaxin Peptides. The
whole genome and proteomic sequence data of buffalo
(UOA WB 1), cattle (ARS-UCD1.2), sheep (Oar rambouillet
v1.0), goat (ARS1), camel (CamDro3), and horse (Equ-
Cab3.0) were obtained from the National Center for Bio-
technology Information (NCBI) database [16]. A genome-
wide BLAST and HMM search was performed to look for
all putative relaxin peptide genes in Bos taurus, Bubalus
bubalis, and other targeted species [17]. The cattle (Bos tau-
rus), buffalo (Bubalus bubalis), goat (Capra hircus), sheep
(Ovis aries), horse (Equus caballus), and camel (Camelus
dromedarius) relaxin peptide sequences were also validated
through the UniProt database search [18]. All accession
numbers of sequences used for this study are presented in
Table S1. No information was available for INSL5 gene
annotation of Bubalus bubalis in the databases.

2.2. Phylogenetic Analysis. Relaxin peptide amino acid
sequences from Bos taurus, Bubalus bubalis, Capra hircus,
Ovis aries, Equus caballus, and Camelus dromedarius were
aligned in ClustalW. Further, the neighbor-joining (NJ) tree
was constructed through the MEGA7 software [19].

2.3. Gene Structure, Motif Patterns, and Conserved Domain
Analysis of Relaxin Peptide Family. The conserved motifs
in the dataset were analyzed using the MEME suite [20].
As a query, the relaxin protein sequences were submitted
in Fasta format, and a site distribution with one occurrence
of each site was determined for each sequence. The motifs’

minimum and maximum widths were found to be 6 and
50, respectively. The number of themes was limited to ten.
The Gene Structure Display Server (GSDS) [21] was used
to import all CDs and genomic sequences. The final gene
structure was exhibited and illustrated using the genome
annotation data in general feature format utilizing in-house
scripts in the TBtools software (GFF).

2.4. Physicochemical Properties of Relaxin Proteins. The
online available ProtParam tool [22] was used to evaluate
the physicochemical characteristics of relaxin peptides
including molecular weight (MW), amino acid count (AA),
isoelectric point (pI), and aliphatic index (A.I.). Besides, it
also included instability index (II) and the grand average of
hydropathicity (GRAVY).

2.5. Multiple Sequence Analysis (MSA). Multiple align show
[23] was used online to explore the mutations and indels
in the relaxin peptides using the aligned sequences of Bos
taurus, Bubalus bubalis, Capra hircus, and Ovis aries.

2.6. Mutational Analysis. Further, the mutations found in
Bos taurus and Bubalus bubalis relaxin peptide sequences
were subsequently examined using several online tools
(PolyPhen-2, MUpro, PROVEAN, IMutant, PhD-SNP,
SIFT, SNAP2, PredictSNP, Meta-SNP, and SNAP) to deter-
mine their effects on protein structure and functions.

2.7. Nuclear Hormone Receptor Sites Identification. The
NHR scan [24] was employed to predict nuclear hormone
receptor binding sites. Using genomic sequences in Fasta
format, NHR scan was performed. The cumulative probabil-
ity of entering match states was 0.01 using the NHR scan.

2.8. Synteny Analysis and Gene Duplications. To find collin-
ear genes, the whole genomes of cattle and buffalo were
blasted to each other. The dual-synteny map was con-
structed using the TBtools after submitting annotation files
for both genomes, including information about collinear
genes and chromosomal IDs.

Chromosomal locations of relaxin genes were obtained
from genomic resources of respective specie. An annotated
genome file was saved as a general feature format (GFF) file
and was fed into the MCScanX programme [25], which was
subsequently used to plot the gene locations on chromo-
somes and presented in TB tools. In addition, the relaxin
peptide gene collinearity plots for Bos taurus and Bubalus
bubalis were generated. Further, for the Bos taurus and
Bubalus bubalis relaxin peptide gene family, pairwise align-
ment of homologous gene pairs of relaxin peptide genes
using MEGA7 [19] with the MUSCLE method was utilized
to analyze the frequency of duplications. DnaSP v6.0 [26]
was also used to determine pairwise synonymous substitu-
tions per synonymous site (ks) and nonsynonymous substi-
tutions per nonsynonymous site (ka) that were corrected for
multiple hits. Synonymous mutations are referred as silent
mutatins which can result in altered DNA sequence but does
not change the encoded amino acid (evolutionary neutral
mutations), whereas nonsynonymous mutations cause
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change in both DNA and protein sequence (evolutionary
important mutations).

3. Results

3.1. Phylogenetic Analysis. Results revealed that relaxin pep-
tide family consisted of four genes (RLN3, INSL3, INSL5,
and INSL6) in all representative species, except for Bubalus
bubalis which had 3 of them excluding INSL5 (Figure 1).
All four genes were clustered into two sister clades. From
top to downward, clade 1 included INSL3 and INSL6,
whereas clade 2 included INSL5 and RLN3. Overall phyloge-
netic analysis of the relaxin peptide family revealed that the
“Bos taurus and Bubalus bubalis,” “Capra hircus and Ovis
aries,” and “Camelus dromedarius and Equus caballus” had
close similarities between them. However, INSL3 showed
more evolutionary similarities between “Bos taurus and Capra
hircus” than between “Bos taurus and Bubalus bubalis.”

3.2. Structural Categorization of the Relaxin Peptide Family.
The examination of gene organization, motif patterns,
and conserved domains in the relaxin peptide family of
four targeted species, including Bos taurus, Bubalus buba-
lis, Capra hircus, and Ovis aries, were performed to carry
out the structural characterization of the relaxin peptide
family while taking account of their evolutionary relation-
ships (Figures 2(a)–2(d)). The top ten MEME-conserved
motifs were investigated to look for conserved domains
(Table 1). No conserved domain was detected in the Pfam
search for these motifs. Further, all genes were investigated
to look for conserved domains across all targeted species

(Figure 3(c)). The insulin/insulin-like growth factor (IIGF)
domain was found conserved across all targeted species,
which was further validated through a conserved domain
database (CDD) BLAST. A gene structural analysis revealed
the evolutionarily conserved nature of relaxin family genes
across the studied species (Figure 3(d)). The same gene
across different species revealed a similar number of introns
and exons.

3.3. Physico-chemical Properties of the Relaxin Proteins. The
physicochemical properties like location on the chromo-
some, exon count, molecular weight (Da), number of amino
acids (A.A) in each peptide, aliphatic index (A.I.), isoelectric
point (pI), instability index (II), and grand average of hydro-
pathicity index (GRAVY) of the relaxin peptides were evalu-
ated in cattle through the ProtParam tool (Table 2). The
molecular weight of relaxin peptides ranged from 14 to
24 kDa. RLN3 and INSL3 were located on chromosomes 7,
whereas INSL5 and INSL6 were located on chromosomes 3
and 8, respectively. All relaxin peptide genes had an exons
count of 2 and a variable length of the peptides with amino
acid residues. The pI values revealed all relaxin peptides
were basic except for INSL5 which was slightly acidic. The
AI values suggested the thermostable nature of all peptides
having AI values greater than 65. Moreover, II values greater
than 40 revealed that all peptide members of the relaxin
family are unstable in vitro. Negative GRAVY values sug-
gested the hydrophilic nature of relaxin peptides.

3.4. Identification of Mutations in Relaxin Peptides. Compar-
ative amino acid analysis was performed by aligning the
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Figure 1: Evolutionary relationship of relaxin peptides (RLN3, INSL3, INSL5, INSL6) in six mammalian species.
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protein sequences of the relaxin peptides of buffalo, cattle,
goat, sheep, camel, and horse in multiple align show to look
for indels and single amino acid variations in Bos taurus and
Bubalus bubalis (Figures 3–3(d)).

In RLN3 protein, mutations were observed in Bos taurus
at positions A16>T, P29>A, and A62>T and Bubalus

bubalis at position G105>W (Figure 3). INSL3 had one
indel (insertion) at position 55 in Bos taurus (Figure 3(b)).
In INSL3, mutations were observed in Bubalus bubalis at
positions G22>R, V86>M, and V88> I, whereas no muta-
tion was observed in Bos taurus (Figure 3(b)). INSL5
sequence of Bubalus bubalis was not found in the database.

Capra_hircus_RLN3

Phylogenetic relationship Motif patterns Conserved domain Gee structure analysis

Capra_hircus_INSL5

Capra_hircus_INSL6

Capra_hircus_INSL3
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Figure 2: Graphical representation of motif patterns (b), conserved domains (c), and gene structure (d) of relaxin peptide family genes
corresponding to their phylogenetic relationships (a) in four mammalian species.

Table 1: Top ten differentially conserved motifs detected in relaxin peptide family (RLN3, INSL3, INSL5, and INSL6).

Motif Protein sequence Length Pfam domain

MEME-1 REAAATEAARKLCGRHFIRAVVKLCGGSRWSREEG 35 —

MEME-2 RGLSEKCCKKGCTKSELLTLC 21 —

MEME-3 PEYQYPEVBLPFESELEEAVASSEILPLTKEPIEFYGKNTBKIGTPSNLF 50 —

MEME-4 DPALNPAPQPLSQEEAIHNMK 21 —

MEME-5 TQLLSZASEKVESFIPDRSESSQTTFPVW 29 —

MEME-6 MRALVLLLLALAVLL 15 —

MEME-7 LPGGDYELLRKLZGL 15 —

MEME-8 WGNHPQRK 8 —

MEME-9 HLLHGLMA 8 —

MEME-10 GDRDPL 6 —
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INSL6 had a mutation in Bos taurus at position R32>Q,
whereas no mutation was detected in Bubalus bubalis.

Additionally, the mutations observed in Bos taurus and
Bubalus bubalisthrough a comparative amino acid analysis
were further analyzed through different online available muta-
tional analysis tools to predict the functional effects of these

mutations (Table S2). In Bos taurus, a total of three
nonsynonymous mutations were predicted, two in RLN3 at
positions A16>T and P29>A, and one in INSL6 at position
R32>Q. In Bubalus bubalis, a total of two nonsynonymous
mutations were predicted, one in RLN3 at positions
G105>w, G22>R, and one in INSL3 at position G22>R.

(a)

(b)

(c)

(d)

Figure 3: (a–d) Comparative amino acid analysis of the relaxin peptide family(RLN3, INSL3, INSL5, and INSL6) in Bos taurus, Bubalus
bubalis, Capra hircus, and Ovis aries.

Table 2: Physicochemical properties of the relaxin family peptides in Bos taurus.

Gene Chromosome Exon count MW (kDa) A.A pI AI II GRAVY

RLN3 7 2 14.75 135 7.60 86.00 55.82 −0.162
INSL3 7 2 14.38 132 8.69 96.21 67.33 −0.145
INSL5 3 2 15.36 135 6.89 73.04 76.93 −0.389
INSL6 8 2 24.00 205 9.14 77.51 66.54 −0.717
MW: molecular weight; A.A: number of amino acids; pI: isoelectric point; AI: aliphatic index; II: instability index; GRAVY: grand average of
hydropathicity index.
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(a)

(b)

(c)

Figure 4: Continued.
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3.5. NHR Patterns in Relaxin Peptides. The Bos taurus
nuclear hormone receptor sites (NHRs) were searched for
all four relaxin peptides (RLN3, INSL3, INSL5, and INSL6)
(Figures 4(a)–4(d)). A total of 23 NHRs were found of which
RLN3 had 3, INSL3 had 2, INSL5 had 6, and INSL6 had 12.
The number of direct repeats (DR) identified in RLN3,
INSL3, INSL5, and INSL6 were 2, 1, 3, and 6, respectively.
The number of everted repeats (ER) identified in RLN3,
INSL3, INSL5, and INSL6 were 1, 0, 2, and 3, respectively.
The number of inverted repeats (IR) identified in RLN3,
INSL3, INSL5, and INSL6 were 0, 1, 1, and 3, respectively.

3.6. Synteny Analysis and Gene Duplications. Collinearity
analysis showed that relaxin family genes were randomly
distributed over 2 chromosomes in both cattle and buffalo
(Figure 5). In Bos taurus, relaxin peptide genes were present
on chromosomes 7 and 8, whereas in Bubalus bubalis, these
genes were located on chromosomes 3 and 9.

Further, the gene duplication analysis was performed to
look for segmental or tandem duplication gene pairs in the
relaxin peptide family of Bos taurus and Bubalus bubalis
(Table 3). In Bos taurus, two segmental duplication events
were observed between INSL5/RLN3 and INSL6/INSL3 gene

pairs, whereas in Bubalus bubalis, one tandem duplication
was detected between INSL3/RNL3 gene pair. The number
of nonsynonymous substitutions per nonsynonymous site/
number of synonymous substitutions per synonymous site
(ka/ks) ratios was determined for this duplicated event. Bos
taurus segmental duplicated pairs INSL5/RLN3 and INSL6/
INSL3 showed 0.68 and 0.60 ka/ks ratios, respectively,

(d)

Figure 4: NHR scans patterns of RLN3 (a), INSL3 (b), INSL5 (c), and INSL6 (d) in Bos taurus.

Cattle
Chr1 Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8 Chr9 Chr10 Chr11 Chr12 Chr13 Chr14 Chr15 Chr16 Chr17 Chr18 Chr19 Chr20 Chr21 Chr22 Chr23 Chr24 Chr25 Chr26 Chr27 Chr28 Chr29 ChrX

Buffalo
Chr1 Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8 Chr9 Chr10 Chr11 Chr12 Chr13 Chr14 Chr15 Chr16 Chr17 Chr18 Chr19 Chr20 Chr21 Chr22 Chr23 Chr24 ChrX

Figure 5: Synteny plot between Bos taurus and Bubalus bubalis genomes.

Table 3: Analysis of duplicated gene pairs and their ka/ks values of
relaxin peptide family in Bos taurus and Bubalus bubalis.

Bos taurus
Gene pair

Chromosome Duplication ka ks ka/ks

INSL5/RLN3 3/7 SD 0.32 0.47 0.68

INSL6/INSL3 8/7 SD 0.33 0.56 0.60

Bubalus bubalis
Gene pair

Chromosome Duplication ka ks ka/ks

INSL3/RLN3 9/9 TD 0.37 0.50 0.74

ka: number of nonsynonymous substitutions per nonsynonymous site; ks:
number of synonymous substitutions per synonymous site; SD: segmental
duplication; TD: tandem duplication.

7BioMed Research International



whereas Bubalus bubalis tandem duplication pair INSL3/
RNL3 showed 0.74 ka/ks ratio.

4. Discussion

4.1. Phylogenetic Analysis. In recent years, genomic sequenc-
ing technology, particularly next-generation sequencing, has
advanced significantly, resulting in the accessibility of
sequenced genomes for many important organisms, opening
up a new path for understanding the genomic architecture at
the molecular level of diverse animal species [27]. Compara-
tive genomics allows for the discovery of new genes and
functional components [28, 29]. Advances in bioinformatics
have enabled the utilization of genomic data and look into
the protein family evolutionary history, comparative amino
acid analysis, gene duplications and prediction of mutations,
and their functional and structural effects [12–15].

The relaxin peptide family has been found to contain
seven members in most mammals, including relaxin-like
genes RLN1, RLN2, and RLN3 and insulin-like genes INSL3,
INSL4, INSL5, and INSL6 [30]. In our analysis, we have
found four genes (RNL3, INSL3, INSL5, and INSL6) in Bos
taurus, Capra hircus, Ovis aries, Camelus dromedarius, and
Equus caballus, whereas three genes (RNL3, INSL3, and
INSL6) in Bubalus bubalis from the sequenced genome of
these species. Further, these genes were grouped into two sis-
ter major clades, clade 1 included INSL3 and INSL6, whereas
clade 2 included INSL5 and RLN3. A variable number of
RLN/INSL peptides were also observed in different verte-
brates [31–33]. These variations could be explained on the
basis of gene loss and fixation during the evolution and
adaption to specific niches. Overall phylogenetic analysis of
the relaxin peptide family revealed that the “Bos taurus
and Bubalus bubalis,”, “Capra hircus and Ovis aries,” and
“Camelus dromedarius and Equus caballus” had close simi-
larities between them. Previous studies also revealed evolu-
tionary similarities between these species [12, 13].
However, INSL3 peptide showed more evolutionary similar-
ity between “Bos taurus and Capra hircus” than between
“Bos taurus and Bubalus bubalis”. Researchers have been fas-
cinated by relaxin evolution for decades. Relaxins are
renowned for their high sequence variability across closely
related species, although unexpected parallels have been
found between quite different species like pigs and
whales [34].

4.2. Structural Features of Relaxin Peptides. The examination
of gene organization, motif patterns, and conserved domains
of the relaxin peptide family of four targeted species includ-
ing Bos taurus, Bubalus bubalis, Capra hircus, and Ovis aries
revealed the conserved nature of relaxin genes across the tar-
geted species. The insulin/insulin-like growth factor (IIGF)
domain was found conserved in all relaxin family genes
across all targeted species. The insulin/IGF system (IIGFs)
regulates a wide range of physiological processes, including
development, linear growth, and aging, as well as metabo-
lism, homeostasis, and central nervous system activities
[35, 36]. This domain is important for proper function,
and any dysregulation in this domain can result in abnormal

growth, increased development and progression of numer-
ous cancers, and pathologic ailments associated with chronic
inflammation and fibrosis [37, 38].

4.3. Physico-chemical Properties of Relaxin Peptides. The
physicochemical properties of the relaxin peptide family
proteins were evaluated in Bos taurus through the Prot-
Param tool (Table 2). The molecular weight of relaxin pep-
tides ranged from 14 to 24 kDa. The aliphatic index (AI)
tells about the thermostability of globular proteins, and
values greater than 65 show greater thermostability [39]. In
our study, all relaxin family peptides were found thermosta-
ble. In vitro stability of proteins can be inferred through the
instability index (II), and the II value lower than 40 indicates
the in vitro stability of proteins [40], as in our case, all
relaxin family peptides showed in vitro instability having
values greater than 40. The GRAVY values tell about the
hydropathicity of protein, the negative GRAVY values show
hydrophilic nature, whereas the positive GRAVY values
show hydrophobic nature of proteins [41], as in our case,
all relaxin family peptides showed hydrophilic nature having
negative GRAVY values.

4.4. Comparative Mutational Analysis. Comparative geno-
mics is a large-scale, integrated technology for the compari-
son of two or more genomes. Comparative studies at various
levels of the genomes may be conducted to obtain distinct
perspectives on the organisms [35, 42]. We aligned the
sequences of four species Bos taurus, Bubalus bubalis, Capra
hircus, and Ovis aries in multiple align show to look for
indels and single amino acid variations in Bos taurus and
Bubalus bubalis. All relaxin family peptides were found well
conserved with few amino acid variations in Bos taurus and
Bubalus bubalis. INSL3 had one indel (insertion) at position
55 in Bos taurus. Indels and mutations have all played a part
in the divergence of gene family members from their pro-
genitors [43]. Further, the mutational analysis of observed
single amino acid variations predicted three nonsynon-
ymous mutations (two in RLN3 at positions A16>T and
P29>A and one in INSL6 at position R32>Q) in Bos taurus,
whereas two nonsynonymous mutations (one in RLN3 at
positions G105>w, G22>R, and one in INSL3 at position
G22>R) in Bubalus bubalis. RLN3 gene was observed to
play role in feed efficiency in cattle [7]. INSL3 is a gender-
specific gene that is produced in Leydig cells of male adult
and fetus and plays a key role in testicular descent [44].
Higher level of INSL3 gene was observed in female ruminant
blood with male fetus. Mutations in the INSL3 gene resulted
in failure of testicular descent (cryptorchidism) [45, 46].
INSL6 was detected to play a role during spermatogenesis
[11]. The deficiency of INL6 in mice resulted in a decline
in sperm production and immotility [47]. Mutations in these
genes can interfere with functions like feed metabolism, tes-
ticular descent, and spermatogenesis in bovines.

4.5. NHR Patterns in Relaxin Peptides. Diverse biochemical
mechanisms are involved in gene regulation and informa-
tion flow from the DNA to the protein that is transcription
and translation, and understanding of these mechanisms is
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necessary to explore the cell dynamics [48]. Nuclear recep-
tors bind to target genes at sites referred as hormone
response elements (HREs) and help to regulate the tran-
scription. These HREs are usually located in the 5-flanking
region of target genes. Even though HREs are primarily
found near the primary promoter, they can sometimes be
found several kilobases upstream away from the start of
the transcription site in enhancer regions [49]. Most of the
time, a single NHR has been found to impact many genes,
and sometimes, many NHRs have competition for one target
gene and result in overlapping networks for the target genes
[50]. This competition for the same target gene sometimes
results in reduced expression of the gene. The expression
of the gene can also be reduced if NHR bind with negative
HREs [49]. The pattern of NHR sites in the relaxin peptide
family in Bos taurus was investigated. A total of 23 NHR
sites were detected. In total, 12 direct repeats (DR), 6 everted
repeats (ER), and 5 inverted repeats (IR) were found in the
Bos taurus relaxin genes.

4.6. Synteny Analysis and Gene Duplications. Chromosomal
regions common between two genomes with the same
homologous genes order as in common ancestor sites are
called synteny blocks [51]. Different species originating from
the common ancestor in the same tree of life can be com-
pared using syntenic relationships, which will give an idea
about the chromosomal structure and number variation
between species [52, 53]. Synteny analysis revealed that
relaxin peptide genes were randomly located over 2 chromo-
somes in both Bos taurus and Bubalus bubalis. In Bos taurus,
relaxin genes were present on chromosomes 7 and 8,
whereas in Bubalus bubalis, these genes were located on
chromosomes 3 and 9. Further, the gene duplication events
were examined for Bos taurus and Bubalus bubalis. Gene
duplications have evolutionary significance as it is believed
that during the evolution, whole genome duplications
occurred and only 5 to 10% of duplicated genomes got fixed
to perform specific functions, while others were lost in the
process [54, 55]. These duplication events helped in the
expansion of genome size and increased complexities to per-
form specific functions as indicated by two rounds of dupli-
cations hypothesis (2R hypothesis) [56, 57]. In our study, the
Bos taurus relaxin peptide family showed predominantly
segmental duplications (INSL5/RLN3 and INSL6/INSL3
gene pairs) that helped in the expansion of this gene family,
whereas Bubalus bubalis showed predominantly tandem
duplication (INSL3/RLN3). Our results are in agreement
with Liu et al. [58], and they explained that segmental dupli-
cations are predominant in cattle genome and these duplica-
tions in bovine genomes are enriched with specific biological
processes related to digestion, lactation, immunity, and
reproduction. Further, the ka/ks ratios were lower than 1
for all these observed duplications, indicating the purifying
pressure for these duplication events [59].

5. Conclusions

Our study revealed four relaxin peptide family genes (RLN3,
INSL3, INSL5, and INSL6) in Bos taurus, whereas three

relaxin peptide genes (RLN3, INSL3, and INSL6) in Bubalus
bubalis in contrast to seven genes in most of the mammals.
The loss of genes might be the result of adaptation to specific
niches during evolution. Relaxin family peptides remained
conserved during evolution. Nonsynonymous mutations in
RLN3, INSL3, and INLS6 can interfere with biological func-
tions like spermatogenesis, testicular descent, and feed
metabolism in bovines. The segmental duplication in Bos
taurus and the tandem duplication in Bubalus bubalis of
relaxin family peptides helped in enrichment to specific
functions like reproduction and feed metabolism during
evolution.
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Background. Next-generation sequencing methods have been developed and proposed to investigate any query in genomics or clinical
activity involving DNA. Technical advancement in these sequencing methods has enhanced sequencing volume to several billion
nucleotides within a very short time and low cost. During the last few years, the usage of the latest DNA sequencing platforms in a
large number of research projects helped to improve the sequencing methods and technologies, thus enabling a wide variety of
research/review publications and applications of sequencing technologies. Objective. The proposed study is aimed at highlighting
the most fast and accurate NGS instruments developed by various companies by comparing output per hour, quality of the reads,
maximum read length, reads per run, and their applications in various domains. This will help research institutions and biological/
clinical laboratories to choose the sequencing instrument best suited to their environment. The end users will have a general
overview about the history of the sequencing technologies, latest developments, and improvements made in the sequencing
technologies till now. Results. The proposed study, based on previous studies and manufacturers’ descriptions, highlighted that in
terms of output per hour, Nanopore PromethION outperformed all sequencers. BGI was on the second position, and Illumina was
on the third position. Conclusion. The proposed study investigated various sequencing instruments and highlighted that, overall,
Nanopore PromethION is the fastest sequencing approach. BGI and Nanopore can beat Illumina, which is currently the most
popular sequencing company. With respect to quality, Ion Torrent NGS instruments are on the top of the list, Illumina is on the
second position, and BGI DNB is on the third position. Secondly, memory- and time-saving algorithms and databases need to be
developed to analyze data produced by the 3rd- and 4th-generation sequencing methods. This study will help people to adopt the
best suited sequencing platform for their research work, clinical or diagnostic activities.

1. Introduction

DNA sequencing methods have a history of only 60 years
back, but these methods evolved very rapidly and can be
said an outstanding example of progress resulting in enor-
mous improvement and enhancement in cost reduction,
high throughput, capability, and applications [1–3]. His-
tory of DNA sequencing started when two fundamental

methods, i.e., Sanger sequencing [4] and Maxam and Gil-
bert’s approach [5], were introduced. Developments in
polymerize chain reaction [6, 7], availability of good qual-
ity enzymes to modify DNA, and fluorescent automated
sequencing enabled to sequence first human genome in
2001 [8, 9]. Afterwards, giant revolution in DNA sequenc-
ing methods, chemistries, and bioinformatics analysis
approaches were observed.
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Since 2005, several Next-generation sequencing (NGS)
methods have been developed and proposed to investigate
any query in genomics or clinical activity involving DNA
[10, 11]. NGS proposes a novel way of sequencing constitut-
ing various approaches that depend on the amalgamation of
preparing template, determining order of the bases, aligning
sequences and genome assembly [12]. A major advantage of
NGS over traditional mutation detection methods is the abil-
ity to sequence multiple genes and highlight millions of var-
iants simultaneously. Other advantages include minimal
DNA input, faster turnaround time; NGS has revolutionized
the speed of genetic and genomic discovery and advanced
our understanding of the molecular mechanisms of disease
and potential treatment options. Technical advancements
in these sequencing methods (replacing radiolabeling with
fluorescent dyes and gel electrophoresis with capillary array
electrophoresis) introduced automation in the sequencing
approaches and enhanced sequencing volume to several
thousand base pairs in a single run [13]. The NGS instru-
ments can generate several billion nucleotides within a very
short time and low cost [14–17]. These capabilities enabled
NGS methods to use in a number of areas such as whole-
genome sequencing (WGS), whole-exome sequencing
(WES/ES), variant calling (VC), targeting sequencing (TS),
and transcriptome sequencing (TCS) [18]. During the last
few years, the usage of the latest DNA sequencing platforms
in a large number of research projects helped to improve the
sequencing methods and technologies, thus enabling a wide
variety of research/review publications and applications of
sequencing technologies. Each year, several hundreds of
publications are being published, highlighting the impor-
tance of sequencing technologies.

Over the last decade, dozens of excellent studies describing
advantages, disadvantages, and applications of sequencing
methods [2, 12, 19, 20] including Sanger sequencing also
termed as first-generation sequencing (1stGS), NGS also called
as second-generation sequencing (2ndGS), third-generation
sequencing (3rdGS), and fourth-generation sequencing
(4thGS) have been published. History of sequencing methods
reveals amazing pace of developments and improvements in
these technologies that now enabled us to sequence genomes
of all species at very low cost and a high speed.

The proposed study presents history, needs, and reasons
of evolving the sequencing technologies. For this purpose,
120 relevant articles from PubMed and journals web sites
were downloaded. The keywords such as “NGS,” “Sequenc-
ing technology,” “Sequencing chemistry,” “Comparison of
NGS instruments,” and “Quality of NGS instruments” were
provided to Google search engine to search these articles.
At the end, 65 articles having detailed information about
the history, efficiency, quality, and comparison of sequenc-
ing technologies/instruments were selected for writing this
review article. It provides a detailed overview of the sequenc-
ing approaches starting from first- to fourth-generation
sequencing methods. The technical features of the new and
most popular sequencing instruments by various companies
such as Illumina, Ion Torren, GenapSys, QIAGEN, and BGI
were also summarized and compared. The proposed study
contributed by highlighting the most efficient and accurate

NGS instruments and helped the researchers and clinicians
to get DNA sequenced through an instrument best suited
to them. This study will provide end users with the knowl-
edge of history, background chemistries, and latest develop-
ments in the sequence technologies and help them in
selecting the most suitable NGS instrument based on their
needs.

2. Evolution of High-Throughput
Sequencing Technologies

Initial studies which were performed before 2005 including
human genome project used DNA sequencing approaches
were generally called as 1stGS (1970). The most famous
among them were the sequencing methods discovered by
Sager and Maxam and Gilbert [21, 22]. Slow speed and high
cost of sequencing DNA by 1stGS methods raised the need of
fast and cheap DNA sequencing technologies. 2ndGS
methods based on the concept of massively parallel sequenc-
ing were made available in 2005. The most popular 2ndGS
platforms were developed and commercialized by Roche Life
Sciences, Thermo Fisher Scientific, Illumina, and Applied
Biosystems. These methods are also termed as NGS plat-
forms and have revolutionized the DNA sequencing. NGS
has several advantages over 1stGS. Some more important
benefits are (1) massive throughput, generating a number
of short DNA sequences called as reads in parallel, (2) high
speed, and (3) low cost. The reads generated by NGS
methods range from 50 bp to 300 bp in length. NGS technol-
ogies are classified into two groups, sequencing by hybridi-
zation and sequencing by synthesis (SBS). Sequencing by
synthesis (SBS) is actually Illumina sequencing technology
and is the most popular approach generating 90% of the
world’s sequence data [23]. The 3rdGS approaches (2010)
include Single-Molecule Sequencing (SMS) and True
Single-Molecule Sequencing (tSMS). These technologies
need less starting DNA material and work without amplify-
ing the template DNA. The 4thGS (2014) also called as nano-
pore sequencing include majorly the MinION by Oxford
Nanopore Technology (ONT). This approach actually incor-
porated nanopore technology in 3rdGS. The 4thGS has capa-
bility to sequence fixed cells and tissues in real time without
requiring amplification and repeated cycles in the synthesis
phase [21]. Figure 1 shows evolution of sequencing methods.

3. Detailed Overview of the
Sequencing Methods

3.1. First-Generation Sequencing. The first process of DNA
sequencing, called as Sanger sequencing, was published in
1977. This method uses sequencing by synthesis (SBS)
approach of radioactively labeled DNA strand complemen-
tary to the template strand by employing the dideoxy chain
termination technique. The fragments are then investigated
using polyacrylamide gel electrophoresis. This technique
was then improved, automated, and made available for com-
mercial purpose [24, 25] and is termed as 1stGS. Major
improvements were the introduction of capillary electropho-
resis with gel electrophoresis [26, 27]; replacement of
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radioactively labeled DNA with fluorescent labeled DNA
further advancement was ensured by using recombinant
DNA [28] and the PCR technologies [6]. The major draw-
back of 1stGS is generation/analysis of only one sequence
per electrophoresis lane or capillary tube. This is the reason
of dividing DNA into fragments. One thousand long read
lengths were sequenced with 99.99% accuracy. Major limita-
tions of this method were low throughput and high cost 29.
For example, this process was so costly that the human
genome project consumed almost 13 years and US$ 2.7 bil-
lion. Later on, improvement in 1stGS enabled to sequence of
another human genome for US$ 10 million. However, with
the passage of time, 1stGS reached its limit and was taken
as costly approach. One thing to note is that this technology
is still used for validating DNA sequences and target rese-
quencing [1].

3.2. Next/Second-Generation Sequencing. The NGS, high
throughput, and massively parallel sequencing are the terms
used for this type of sequencing. It is also called as 2ndGS.
This approach works without separating the sequencing
reactions into lanes, capillaries, or tubes. NGS allows billions
of sequencing processes to be happened simultaneously in
parallel on a slid surface (glass or beads), an enormous
improvement in throughput and cost compared to 1stGS.

3.2.1. Illumina. Illumina, Inc. [29] is a leading manufacturer
of various sequencing instruments. It was established in
1998 in San Diego, CA. Currently, it provides a number of

sequencing platforms categorized in two groups: Benchtop
Sequencers (BTS) and Production Scale Sequencers (PSS).
All BTSs provide support for (1) WGS for small organisms
such as microbes and viruses, (2) target gene sequencing
(TGS), (3) target gene expression profiling (TGEP), (4)
miRNA and sRNA analysis profiling, and (5) 16S metage-
nomic sequencing (MS) (except iSeq100). NextSeq 550
Series and NextSeq 1000 & 2000 have extra applications
such as exome sequencing (ES), s-cell profiling, chip-seq
analysis, methylation sequencing, MS, and cell-free sequenc-
ing (CFS). Comparison of BTS is given in Table 1. Among
PSSs, only NovaSeq 6000 supports WGS of humans, plants,
and animals. Functionalities provided by other PSSs are sim-
ilar to those of benchtop sequencers. Table 2 provides a
summary of applications, features, and performance of the
PSSs. HiSeq 2500, HiSeq 3000, HiSeq 4000, HiSeq X Ten,
and HiSeq X five have been declared to discontinue (Illu-
mina, 2021). However, their support will be provided up to
March 31, 2024. So, these sequencers are not discussed here.
Illumina sequencing method is based on SBS. Reaction sys-
tem is a mixture of DNA polymerase, primers, and 4 dNTP
with base specific fluorescent markers. The 3′-OH of dNTPs
ensures addition of one base at time. On completion of the
sequencing reaction, DNA polymerase and the unused
dNTP are eluted. For fluorescence excitation, buffer solution
is then added. The fluorescence signal is recorded by optical
equipment. Optical signals, generated by optical equipment,
are used for base calling. To perform next round of sequenc-
ing reaction, a chemical reagent is used for quenching

1950s 1960s 1970s 1980s 1990s 2000s 2010s 
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Genec material
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DNA double helix
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Pyro-sequencing

1998
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Figure 1: Evolution of the sequencing methods in chronological order.

Table 1: A comparison of Illumina benchtop sequencers [29].

Methods/applications iSeq 100 MiniSeq MiSeq series
NextSeq 550

series
Next Seq 1000 &

2000

Ideal for Every size lab TG sequencing
Long read
applications

Exome and
transcriptome
sequencing

miRNA and
sRNA analysis

Major applications
sWGS (microbes)

and TGS
iSeq 100+TG
EP and 16S MS

iSeq 100+16S
MGS

iSeq 100+TCS

sWGS (microbes),
ES, SC profiling,
TS, miRNA,

and sRNA analysis

Max. data quality >85% > Q30 >85% > Q30 >90% >Q30 >80% >Q30 >90% > Q30
Run time 9.5–19 h 4–24 hours 4–55 hours 12–30 hours 11-48 hours

Maximum output 1.2Gb 7.5Gb 15Gb 120Gb 330Gb∗

Maximum reads
per run

4 million 25 million 25 million 400 million 1.1 billion

Maximum read length 2 × 150 bp 2 × 150 bp 2 × 300 bp 2 × 150 bp 2 × 150 bp
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fluorescence signal and remove the dNTP 3′-OH protective
group. Sequencing data generated during the same experi-
ment have the same length. The latest sequencing platforms
can generate DNA sequence in paired-end fashion
(22 × 300 bp), i.e., can read both ends of a fragment [30]. Sig-
nal decay and dephasing occurred due to incorrect cleavage
of fluorescent label or terminating moieties. Average error
rates of the sequencing platforms are 1-1.5% [31].

3.2.2. Ion Torrent. Ion Torrent was launched in 2011 [32].
Ion Torrent is an SBS-based approach and uses pH measure-
ments for generating nucleotide sequences. Length of
sequencing reads generated by Ion Torrent varies. Ion Tor-
rent sequencing machines cannot generate sequencing from
either ends of a fragment [30]. There are four Ion Torrent
instruments; GeneXus system has ability to produce data
analysis report in a single day using an automated workflow
with only two touch points. This is economical for the lowest
sample input and can be placed in lab or a house regardless
of the level of NGS expertise. This is also termed as in-house
NGS system. Ion GeneStudio S5 systems support efficient,
scalable, and low-cost targeted sequencing. Based upon the
Ion chips, there are five variants of this instrument with abil-
ity of generating 2M to 130M reads and 0.3 to 50Gb data in
a single run by consuming 3-21.5 hours. Table 3 describes
applications, performance, and features of Ion GeneStudio
S5 systems. The PGM Dx system is suitable for regulated
lab environments and in vitro diagnostic. It is an integrated
system of NGS instrument, reagents, consumables and soft-
ware tools for sequencing and data analysis. The Ion Chef
System is an improved version of Ion GeneStudio S5 sys-
tems. It is an automated approach to prepare library for
Ion AmpliSeq, reproducible template and to load chip [33].

3.2.3. GenapSys. The GenapSys (founded in 2010) is a com-
pany from the Stanford Genome Technology Center. The
GenapSys Sequencer enhanced SBS technique by embedding
thermal detection of nucleotide incorporations [34]. It is a
small (less than ten pounds), low-priced, and easy to use,
even good for beginners in the genomic filed. The electrical
chip has several million sensors each having a single bead
coated in thousands of clonal copies of a nucleotide
sequence. The DNA bases are poured across the chip in a
sequence, and successful incorporation is noticed by changes
in impedance as the complementary DNA strand grows.

Three versions of the chip, based on varying number of sen-
sors, are available: 1 million sensors, 16 million sensors, and
144 million sensors. This technology has enabled the
sequencer to produce a massive range of data quantity. For
example, the GenapSys with sixteen million sensor chips
can generate thirteen million reads per day providing read
length of 150 bp and accuracy level of >80% > Q30 (raw
accuracy 99.9%). However, its performance can be enhanced
to ES, TS, and SCP by using a cluster of chips. The GenapSys
can be used for identifying pathogen, sRNA, sWGS, targeted
mRNA, SCP, and gene editing [35].

3.2.4. QIAGEN. QIAGEN provides GeneReader for NGS
data generation. The nucleotides are detected by matching
fluorescent signals templates clonally amplified by Gene-
Read QIAcube. The GeneReader can be used only by the
qualified persons trained in MB approaches and GeneReader
itself. It is claimed to a complete workflow that eliminates
challenges faced during sample preparation and provides
very good understanding of the results. The GeneReader sys-
tem helps in all sample processing and sequencing phases
such as DNA extraction, library preparation, sequencing,
bioinformatics data analysis, clinical implications, and evi-
dence. It employs “QCI Analyze” and “QCI Interpret” for
analyzing biological data, variant calling and their annota-
tion, read mapping, and visualization of the alignment.
Quality (>85% > Q30) is assured at run level to validate each
variant for minimizing false-positive and false-negative indi-
cations [36, 37].

3.2.5. Complete Genomics Technology/BGI. Complete geno-
mics, founded in 2006, is specialized in whole human
genome sequencing. In 2013, it was purchased by BGI-
Shenzhen, China, that is one of the world’s leading institu-
tions providing genomic services. The BGI provides a num-
ber of sequencing (Table 4) and data analysis tools and
technologies for research, agriculture, medical, and environ-
ment applications [38]. The complete genomics developed a
technology by emerging sequencing by hybridization and
ligation [39], called as DNA nanoball (DNB) sequencing.
Rolling circle replication is used to amplify DNA fragments
consisting of 440-500 bp into DNBs. This needs generation
of entire circular templates before the generation of nano-
balls. DNBs are poured into a flow cell, one nanoball in each
well. The template bases ranging from 1 to 10 are processed

Table 2: A comparison of Illumina production scale sequencer sequencers [29].

Methods/applications NextSeq 550 NextSeq 550Dx NextSeq 1000 & 2000 NovaSeq 6000

Ideal for Research Research+in vitro diagnostic Targeted sequencing Long read applications

Major applications
sWGS (microbes),
TGS, and TCS

NextSeq 550+clinical
NGS applications

NextSeq 550
series+SCP

NextSeq 550 series+NextSeq
1000 & 2000+lWGS

Max. data quality >80% > Q30 >75% > Q30 >90% >Q30 >90% > Q30
Run time 12-30 hours 35 hours 11-48 hours 13-44 hours

Maximum output 120Gb 90Gb 360Gb 6000Gb

Maximum reads per run 400 million 300 million 1.2 billion 20 billion

Maximum read length 2 × 150 bp 2 × 150 bp 2 × 150 bp 2 × 250 bp

4 BioMed Research International



RE
TR
AC
TE
D

T
a
bl
e
3:
C
om

pa
ri
so
n
of

va
ri
ou

s
Io
n
T
or
re
nt

N
G
S
in
st
ru
m
en
ts
[3
3]
.

M
et
ho

ds
/

ap
pl
ic
at
io
ns

Io
n
G
en
eS
tu
di
o

S5
Sy
st
em

Io
n
G
en
eS
tu
di
o
S5

P
lu
s
Sy
st
em

Io
n
G
en
eS
tu
di
o
S5

P
ri
m
e
Sy
st
em

Io
n
P
G
M

31
4

Io
n
P
G
M

31
6

Io
n
P
G
M

31
8

Io
n
T
or
re
nt

G
en
eX

us

M
aj
or

ap
pl
ic
at
io
ns

E
S,
T
C
S,
E
P
,T

G
S,
an
d
sW

G
S
(m

ic
ro
be
s)

T
S
(D

N
A
/R
N
A
),
C
N
V
,s
R
N
A
se
qu

en
ci
ng
,d

e
no

vo
M
IC
S,
C
hI
P
-s
eq
,M

A
,S
N
P
ve
ri
fi
ca
ti
on

,a
nd

G
bS

W
G
S,
W
E
S,

T
G
S

R
un

ti
m
e

(h
ou

rs
)

4.
5–
21
.5

3-
20

3-
10

2.
3-
3.
7

3.
0-
4.
9

4.
4-
7.
3

2.
5

M
ax
im

um
ou

tp
ut

15
G
b

30
G
b

50
G
b

30
0–
10
0
M
b

30
0
M
b–

1
G
b

60
0
M
b–

2
G
b

15
G
b

M
ax
im

um
re
ad
s
pe
r
ru
n

2-
80

m
ill
io
n

2-
13
0
m
ill
io
n

2-
13
0
m
ill
io
n

40
0–
55
0
th
ou

sa
nd

2–
3
m
ill
io
n

4–
5.
5
m
ill
io
n

12
-1
5
m
ill
io
n

M
ax
im

um
re
ad

le
ng
th

20
0-
60
0
bp

20
0-
60
0
bp

20
0-
60
0
bp

20
0-
40
0
bp

20
0-
40
0
bp

20
0-
40
0
bp

20
0

C
om

pa
ti
bl
e

ch
ip
s

Io
n
51
0,
52
0,

53
0,

54
0
ch
ip
s

Io
n
51
0,

52
0,
53
0

Io
n
31
4
C
hi
p
V
2
or

Io
n

31
4
C
hi
p
v2

B
C

Io
n
31
6
C
hi
p
V
2
or

Io
n

31
6
C
hi
p
v2

B
C

Io
n
31
8
C
hi
p
V
2
or

Io
n

31
8
C
hi
p
v2

B
C

Io
n
T
or
re
nt

G
X
5
C
hi
p

M
ax
.d

at
a

qu
al
it
y

>9
9%

>
Q3

0
>8

0%
>
Q3

0
>9

9%
>
Q3

0
>9

9%
>
Q3

0
>9

9%
>
Q3

0
>9

9%
>
Q3

0
>9

9%
>
Q3

0

5BioMed Research International



RE
TR
AC
TE
D

in paired-end fashion comparable to Exact Call Chemistry
in SOLiD sequencing [40–42]. After eliminating ligated
sequences, new probes are added, according to various
interrogated positions. The process of annealing, washing,
ligation, and image reading is iterated for all positions
nearby to one end of one adapter. This procedure is per-
formed for all remaining termini of the adapter. The main
disadvantage of DNB sequencing is run time and short
read lengths. The key advantage of this technique is the
high quantity of DNBs (almost 350 million). Later on,
the Retrovolocity approach was incorporated for generat-
ing high quality WG and WE sequence having 50x cover-
age in <8 days [43]. As per their claim, more than 20,000
whole genomes of humans have been sequenced using the
propriety instrument and procedures [38].

3.2.6. Roche 45. The Roche GS-FLX 454 Genome Sequencer
was the first commercial system launched as the 454
Sequencer in 2004 [42, 44]. Using this platform, the second
complete genome of an individual (James D. Watson) was
sequenced. The upgraded 454 GS FLX Titanium system
introduced by Roche in 2008 enhanced the average read
length and accuracy to 700 bp and 99.997%, respectively.
This platform improved an output of 0.7Gb of data per
run within 24 hours. The GS Junior bench-top sequencer
system produced the average read length of 700 bp, through-
put of 70Mb, and runtime of 10 to 18 hours. However,
Roche decided to reduce its focus on gene sequencing and
shut down 454 Life Sciences sequencing services by the
end of 2013, so Roche NGS instruments will not be dis-
cussed more in this study [45–47].

3.3. Third-Generation Sequencing. Second-generation
sequencing approaches require PCR amplification of the
template DNA which causes sequencing errors. This limi-
tation can be overcome if sequencing is performed based
on a single molecule without amplification. Secondly, time
needed to produce results is also long because several
scanning and washing cycles have to be run. Due to the
addition of each nucleotide, synchronicity is also lost which
may result in noisy sequencing data and short length of the
reads.

The Single-Molecule Sequencing (SMS) which is 3rdGS
approach is also termed as single template approach. The
most famous SMS approach is Single-Molecule Real Time
Sequencing (SMRT) by Pacific Biosciences (PacBio). This
method uses sequencing by synthesis chemistry similar to
some 2nd-generation sequencing methods but needs less
starting material and PCR amplification of the template
DNA which results in low error rate and produce long reads
with less run time [48]. SMRT can generate tens of kilobases
long reads; for examples, the latest PacBio sequencer (Sequel
IIe System released on Oct. 05, 2020) can produce 4 million
reads with more 99% accuracy in just 30 hours. This system
was shown to have more contiguity (N50), correctness
(quality score), and completeness (genome size) compared
to Nanopore and Illumina (Table 5) whereas cost of PacBio
HiFi Sequencing was also reported very low (Table 6) com-
pared to its competitors [49].

The 3rd-generation sequencing has several advantages
over 2nd-generation sequencing; for example, higher
throughput, detecting haplotype directly, longer read lengths,
better consensus accuracy to identify rare variants, whole
chromosome phasing, and small amount of sample are the
salient features of the 3rd-generation sequencing which had
it useful in clinical diagnostic [50].

3.4. Fourth-Generation Sequencing. The fourth-generation
sequencing integrated nanopore technology into SMS. This
technology performs real-time sequencing without amplifi-
cation and repeated cycles by eliminating synthesis and
therefore is called as 4G sequencing. The 4thGS, also called
in situ sequencing technology, has opened new horizons in
DNA sequencing by making it possible to identify order of
nucleotides in the fixed cells and tissues [21]. It differs from
other sequencing generation approaches in two ways. Firstly,
spatial distribution of the DNA reads over the sample can be
observed which provide very useful information for high-
lighting tissue heterogeneity based upon the known markers.
The second difference is that large number of cells can be
analyzed simultaneously. For example, robust single cell
RNA sequencing approaches were developed, which are
cheap and are capable to sequence a number of cells with
very few pictograms of the starting material [51]. Drawback
of this technique is that tissue material is composed of sev-
eral thousands of cells and sequencing single cells is not
technically and computationally an easy job. However, it is
predicted that in situ sequencing will be used to extract clin-
ically important information from data produced by con-
ventional NGS approaches. Targeted in situ sequencing
method may be applied for filtering validated biomarkers
directly on the samples whereas nontargeted technique
may be useful for developing molecular profiles of the sam-
ples for classifying a disease on the molecular level or to sat-
isfy the patients. Integrating in situ sequencing in the
conventional NGS methods would expedite the development
of these methods and these will eventually become essential
tools for personalized medicine. Nanopore sequencing, the
most popular 4thGS platform, has ability to identify mole-
cules (proteins, DNA, RNA, etc.) while they are passed
through nanoscale holes entrenched in a thin membrane
[52]. In this approach, an electric field forces individual mol-
ecules to pass through a nanopore having 2nm diameter.
Due to very thin pore, single-stranded molecules are passed
through the pore in a firm linear order. Distinguished elec-
tric signals are generated as DNA molecule passes through
the pore. The most famous nanopore technology is the
Oxford nanopore Technology. It is one of the most robust
sequence technologies and can sequence whole genome with
1 million base pairs long reads and diagnose diseases very
efficiently and with very low cost [53]. The MinION, which
was released in 2014, is the first application of nanopore
technology. Other higher throughput nanopore devices from
Oxford Nanopore Technologies are GridION Mk1 and Pro-
methION 24/48. GridION Mk1has 1-5 flow cells with the
ability of generating 250GB data. PromethION 24/48 has
1-48 flow cells and can produce data up to 15TB [54]. Nano-
pore sequencing is classified into three categories. In case of
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1D, single-stranded DNA is sequenced. In 2D, two strands
of the DNA were bounded by a hairpin-like structure. The
first sequence of one strand of DNA is obtained, and then,
the second strand DNA is sequenced. In this way, sequenc-
ing is repeated twice to raise base calling quality. 1D2 is very
close to 2D, but hairpin structure is not needed for keeping
connected two strands of DNA.

4. Comparison of Sequencing Platforms

All sequencing instrument manufacturing companies offer a
variety of sequencing platforms. Some produce small data
and others produce huge amount of data in a single run.
Reads’ length and time consumed to generate data also vary
among these sequencers. Table 7 provides comparison of
various high-performing sequencers, and Table 8 shows
analysis in terms of advantages and disadvantages of the
sequencing generations. Per hour output analysis of high-
performing sequencers showed that Nanopore PromethION
outperformed all sequencers. BGI was on the second posi-
tion and Illumina was on the third position (Figure 2).

5. Discussion

Rapid evolving approaches for genome sequencing have
resulted in significant reduction in cost and time for NGS data
generation and amazing increase in accuracy and throughput
by using very less amount of starting material of DNA. Every
day brings innovation in these technologies, and the field of
genomics is progressing steadily by opening new horizons in
various domains of life sciences [55–57]. Two features of
NGS systems, i.e., extensive reduction in time and substantial
increase in accuracy, have enabled NGS methods to be used in
diagnostics, prognostics, and predicting variations [58–61] in
the human genomes—leading towards the personalized med-
icine [62–64]. On the other hand, NGS methods have made it
possible to conduct large-scale “omics” studies such as geno-
mics, exomics, epigenomics, metagenomics, and transcripto-
mics [65, 66] which provided insight into the basic as well as
applied research areas.

Among the SGS technologies, Illumina has been
reported to offer a big variety of benchtop and production
scale NGS instruments and they are the most popular [2]
among the clients. The instruments are more economical
[1] and are among the platforms that have the highest

throughput [67, 68]. The Ion Torrent instruments are more
automatic in the sense that in addition to automation in
NGS data generation and analysis they provide automation
in library preparation as well. Some studies have shown that
Ion Torrent methods are more suitable for forensic SNP
investigation [69] and have better throughput than Illumina
HiSeq 2000 [70, 71]. Although Roche 454 was one of the
most popular instruments, now they have been discontinued
[45–47]. Some studies have reported that Roche instruments
are more error prone and costly and have low throughput as
compared to other NGS instruments [67, 71]. The GenapSys
is lightweight, low-priced, and easy to use, even good for
beginners in the genomic filed. This instrument has the elec-
trical chip with different number of sensors: 1 million sen-
sors, 16 million sensors, and 144 million sensors. This
technology has enabled the sequencer to produce a massive
range of data quantity. The GenapSys with sixteen million
sensor chips can generate thirteen million reads per day.
The GenapSys can be used for identifying pathogen, sRNA,
sWGS, targeted mRNA, SCP, and gene editing [35]. The
GeneReader by QIAGEN can be used only by the qualified
persons trained in MB approaches and GeneReader itself.
It presents a complete workflow starting from sample prep-
aration to NGS data generation and provides very good
understanding of the results. It employs “QCI Analyze”

Table 4: Comparison of various BGI NGS instruments [38].

Methods/applications DNBSEQ-T7 DNBSEQ-G400 FAST
DNBSEQ-

G400
DNBSEQ-G50

Major applications WGS, DES, EGS, TS WGS, WES, TS, MGS, RNA-seq WGS, WES
Targeted sequencing (DNA & RNA),
pathogen identification, and SPS

Max. run time (hours) 30 13 37 40

Maximum output 6 Tb 330Gb 1440Gb 150Gb

Maximum reads per run 5000 million 550 million 1800 million 770 million

Maximum read length 150 PE 150 PE 200 PE/400 SE 150 PE

Data quality >85% >Q30 >85% > Q30 >85% >Q30 >85% >Q30

Table 5: An overview of human genome assembly quality metrics
between PacBio system, Nanopore, and Illumina [49].

Nanopore+Illumina
PacBio HiFi
sequencing

Contiguity (N50) 32.3Mb 98.7Mb

Correctness (quality score) Q34 Q51

Completeness
(genome size)

2.8Gb 3.1Gb

Table 6: Overall costs for sequencing a human genome [49].

Nanopore+Illumina PacBio HiFi sequencing
(US $)

Consumables 4800 3800

Compute 5050 3850

Data storage 5200 3900
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and “QCI Interpret” for analyzing biological data and vari-
ant calling and their annotation. The GeneReader ensures
quality at run level to validate each variant for minimizing
false-positive and false-negative indications [36, 37]. Com-
plete genomics, founded in 2006 and purchased by BGI-
Shenzhen, China, in 2013, is one of the world’s leading insti-
tutions providing genomics services. The BGI provides a
number of services for research, agriculture, medical, and
environment applications [38]. The BGI instruments gener-

ate high-quality WG and WE sequence with 50x coverage in
<8 days [49]. As per their claim, more than 20,000 whole
genomes of humans have been sequenced using the propri-
ety instrument and procedures [38].

The third-generation sequencing technology has some
advantages over SGS such as this requires less starting
DNA material and does not require PCR amplification of
the template DNA. This has enabled SMS to produce more
accurate long reads within less time [48]. The latest PacBio

Table 7: Comparison of various high-performing sequencing instruments∗.

Manufacturer Read length Data output
Max. run

time (hours)
Chemistry Key applications∗∗

Illumina (NovaSeq 6000) 300 PE
6 Tb

(6000 Gb)
44 Sequencing by synthesis

SS-WGS and TGS, TGEP,
16sMGS, WES, SCP, LS-WGS, CA,

MS, MGP, CFS, LBA

Thermo Fisher Scientific
Ion Torrent
(Ion GeneStudio S5 Prime)

600 SE 50Gb 12 Sequencing by synthesis WGS, WES, TGS

GenapSys (16 chips) 150 SE 2Gb 24 Sequencing by synthesis
TS, SS-WGS, GEV, 16S

rRNA sequencing,
sRNA sequencing, TSCAS

QIAGEN (GeneReader) 100 SE Not available Not available Sequencing by synthesis
Cancer research and
identifying mutations

BGI/Complete Genomics 400 SE
6 Tb

(6000 Gb)
40 DNA nanoball

Small and large WGS,
WES and TGS

PacBio (HiFi Reads) 25 Kb 66.5 Gb 30
Real-time
sequencing

DN sequencing, FT,
identifying ASI,

mutations, and EPM

Nanopore (PromethION) 4Mb 14 Tb (14000 Gb) 72
Real-time
sequencing

SV, GS, phasing, DNA and
RNA base modifications, FT,

and isoform detection
∗Performance comparison is given as per manufacturer’s description. ∗∗Applications by all sequencers of the respective manufacturer are listed. ∗∗Full names
are given in Abbreviations.

Table 8: Advantages and disadvantages of sequencing generations.

Sequencing
generation

Advantages Disadvantages

First generation
High accuracy High cost

Helps in validating findings of NGS Low throughput

Second generation

High throughput Short read length

Low cost Difficult sample preparation

Have clinical applications PCR amplification

Short run time Long run time

Third generation

No PCR amplification

High sequencing error rate
10–15% in the PacBio and 5–20% in the ONT

Fresh DNA requires for ensuring quality of ultralong reads
Database systems and algorithms/tools are rare for analyzing

3rd and 4th GS data

Require less starting material

Longer read lengths

Very low cost

Low error rate during library preparation

Fourth generation

Advantages of 3rdGS+

Ultrafast: scan of whole genome in 15 minutes

Spatial distribution of the sequencing reads over the
sample can be seen

8 BioMed Research International
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sequencer (Sequel IIe System) has the ability to produce 4
million reads with more 99% accuracy in just 30 hours. This
system is more accurate as compared to Nanopore and Illu-
mina whereas the cost of PacBio HiFi Sequencing was also
reported as very low [49]. The tSMS can sequence millions
of individual molecules even from a picogram sample. The
tSMS has an important improvement over the SGS in the
sense that it can perform RNA sequencing directly [50].

Nanopore sequencing, i.e., integration of nanopore tech-
nology into the third-generation sequencing technology,
falls in the category of fourth-generation sequencing. It can
sequence fixed cells and tissues in real time without requir-
ing amplification and repeated cycles in the synthesis phase
[21]. The most famous nanopore technology is the ONT. It
can sequence whole genome with 1 million base pair long
reads and diagnose diseases very efficiently and with very
low cost [53]. The MinION is the first application of nano-
pore technology. Others are GridION Mk1 and Pro-
methION 24/48. GridION Mk1 can generate 250GB data
and PromethION 24/48 can produce data up to 15TB [54].

To summarize the discussion, this may be claimed that
NGS technologies are being developed with an amazing
pace. In the near future, NGS technologies and instruments
will be seen in action in clinical and diagnostic labs all
around the world, helping us to fulfill the dream of person-
alized medicine. In addition, there will be very good portable
and fully automatic devices for generating NGS data. So, to
cater needs of the future, algorithms and databases should
be developed for storing, processing, analyzing, and visualiz-
ing data of each patient, which may be useful for clinicians
to make therapeutic decisions. Major challenges of NGS
approaches include the lack of standardized procedures for
managing quality, sequencing workflows, sequencing data
handling, and analyzing [72, 73].

6. Conclusion

Sequencing platforms have reshaped the genomic era and
are helping us in understanding and characterizing genomes
of humans, animals, and plants. Every day brings innova-
tion in sequencing chemistry, throughput, and nucleotide
detection which enables sequencing process very easy, fast,
and low-priced. The proposed study investigated various
sequencing instruments and highlighted advantages, disad-

vantages, and applications based on the previous studies
and the material provided by the manufacturers on their
websites. Each instrument has different application, run
time, and output per hour; however, overall, Nanopore Pro-
methION is the fastest sequencing approach. It can produce
194Gb data in an hour. BGI with an output of 150Gb data
per hour was on the second position, and Illumina with an
output of 136Gb data per hour was on the third position.
The results of the proposed study showed that BGI and
Nanopore can beat Illumina, which is currently the most
popular sequencing company, and overcome the genomic
market very soon. With respect to quality, Ion Torrent
NGS instruments are on the top of the list, Illumina is on
the second position, and BGI DNB is on the third position.
Secondly, memory- and time-saving algorithms and data-
bases need to be developed to analyze data produced by
the 3rd- and 4th-generation sequencing methods.

7. Outcome of the Review
and Recommendations

The Nanopore PromethION should be used in large-scale
projects for getting maximum data in minimum time. The
Ion Torrent NGS and Illumina instruments may be used for
small projects where quality is an essential element. Tools
and databases for storing, analyzing, and visualizing big data
biology should be developed so that life science researchers
may contribute in improving humans’ health effectively.

Abbreviations

NGS: Next-generation sequencing
ES: Exome sequencing
TS: Targeted sequencing
EP: Expression profiling
sWGS: Small whole-genome sequencing (bacterial and

viruses)
lWGS: Large whole-genome sequencing (animals, plants,

and humans)
CNV: Copy number variations
sRNA: Small ribonucleic acid
MICS: Microbial sequencing
MA: Methylation analysis
GbS: Genotyping by sequencing
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Figure 2: Per hour output analysis of high-performing sequencers.
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TCS: Transcriptome sequencing
TGS: Target gene sequencing
SCP: Single-cell profiling
MGS: Metagenomic sequencing
SBS: Sequencing by synthesis
SBH: Sequencing by hybridization
DES: Deep exome sequencing
EGS: Epigenome sequencing
PE: Paired end
SE: Single end
SPS: Small panel sequencing
DN: De novo
FT: Full transcriptome
ASI: Alternative splicing isoforms
EPM: Epigenetic modifications
SV: Structural variation
GS: Genome assembly
GEV: Gene editing validation
TSCAS: Targeted single-cell assay sequencing
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Arthropods can be either large or too small to be seen from the microscope. Their legs are jointed and perform a specific function
in the soil. Several arthropods have been identified to date. Therefore, it is essential to identify them in a different type of soil. An
experiment to quantify the soil arthropods in the urban forests of D.G. Khan was conducted at the Zoology lab of Ghazi University
on four tree plants, i.e., neem (Azadirachta indica), mango (Mangifera indica), guava (Psidium guajava), and phalsa (Grewia
asiatica). Soil samples were taken from different areas and on different months. The diversity of arthropods was analyzed
through the Shannon index. The results were all significant. The total number of arthropods found in the experiment was
5151, with the following distributions: millipedes were 132 in neem, 133 in guava, 113 in mango, and 121 in phalsa; centipedes
were 136 in neem, 142 in guava, 118 in mango, and 132 in phalsa; springtails were 138 in neem, 130 in guava, 120 in mango,
and 134 in phalsa. There were a total of 12 different species of arthropods found. Neem (Azadirachta indica) have mites,
centipede, and ants; guava (Psidium guajava) have centipedes and ants. Mango (Mangifera indica) have millipedes, centipedes,
mites, springtail, and ants, and phalsa (Grewia asiatica) have mites, ants, and centipedes. The study reveals that millipedes,
centipedes, springtails, and ants were found abundantly in the urban forest area of D.G. Khan, resulting in increased organic
matter decomposition and appropriate distribution of nutrients through the soil having beneficial effects on the terrestrial
ecosystem.

1. Introduction

Arthropods are soil invertebratess that can be large or quite
microscopic, have jointed legs, and perform particular func-
tions in the the soil community. Due to the body, widths can
be classified into two forms mesofauna and macrofauna, also
termed microarthropod (0.2mm) and macroarthropod
(2mm). Arthropod includes the class of insect. The lightest
insects weigh less than 25 micrograms; the heaviest, how-

ever, weigh more than 70 grams (2.5 oz) [1]. Few of their
organisms have wingless like springtails and many have
wings on their body. The most abundant soil arthropods
are Acari (mites and collembolans) and springtail. Spring-
tails have segmented body and wingless, ranging from 0.2
to 6mm, with specialized appendages used for jumping.
The most conspicuous segmental specialization is in the
brain. For Symphypleona in the age maturity, most of them
are soil dwellers range from 50 to 100,000 individuals m-2.
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Some different species of collembolan like Protura and
diploma are also wingless insects. In 1992, a take look antic-
ipated that in Costa Rica alone, there were 500,000 species of
animals and plants, of which 365,000 had been arthro-
pods [2].

Some other species act as predators in nature, feeding on
small fauna. And few have scavengers. Soil arthropods are
microscopic or big period invertebrates with jointed legs.
They play big roles within the soil network. Based on body
width, soil arthropods may be labeled mesofauna and macro-
fauna. They can be categorized additionally as microarthro-
pods (0.2–2mm) or macroarthropods (>2mm). According
to standard taxonomy, soil arthropods fall underneath
beauty insects (e.g., Protura, Diplura, Collembola, and big
insects); class Myriapoda (Symphyla and Pauropoda), class
Crustacean (Tardigrada, Copepods and Isopoda), and
sophistication Arachnidan (Pseudoscorpiones, Arana, and
Acari). Acari (mites) and collembolans (springtails) are the
most sizable soil microarthropods in terms of the range of
individuals and species [3]. Springtails are wingless bugs with
the segmented bodies (0.2–6mm) and specialized append-
ages, in addition to a spring-like tail for jumping. Most spe-
cies are dwellers of soil or litter, while few live on the floor
or vegetation, particularly at the side of Entomobryidae and
Symphypleona. Their abundance in mature soil is set at 50–
a hundred 000 human beings m-2 [1]. Mites stay in litter
and air-stuffed pores of the soil. Mesostigmata is one of the
largest agencies of loose-living mites in soil surroundings
[4]. Their density in the soil of wooded areas may be loads
of masses per person m-2. Oribatid mites, for instance, feed-
ing on plant clutter, are found in an immoderate amount of
approximately 25,000–500,000 people m-2 [5]. Yet, they con-
tinue to be undetected because of their small duration. In
addition, the Formicidae dominates in agricultural areas,
grasslands, and deserts [6, 7].

Protura and Diplura are also wingless insects that seem
like Collembola. Protura feed on sucking the outer protecting
of fungal hyphen and are generally observed in herbal soils.
Campodeidae and Japygidae are the two households repre-
senting the diplomas. These species are predatory and feed
on small fauna. They additionally scavenge on useless natural
depend, roots, and so on. Other foremost macroarthropods
are dipterans, coleopterans, and hymenopterans consisting
of their juveniles. Ants, millipedes, and termites perform
the herbal be counted quantity’s fragmentation and transpor-
tation in deeper soil layers, thereby burrowing inner. So, they
appeared as engineers of soil devices. Pauropoda is a whitish
millipede-like (>1mm) species that feed on decaying plants
that rely on fungi and carrion. In contrast, some species are
predatory. Symphyla is 1–8mm in duration and determined
on the entire natural loam soil feeding on living plant tissues.
Tardigrada, Copepods, and terrestrial Isopoda are frequently
observed in moist woodland flooring. These species perform
the role in the decay of leaf litter and timber residue. Chilopo-
daare typically predators in soil and litter layers feeding on
small arthropods. Millipedes enhance soil devices by
coprophagy predominant inside the route of mineralization.
Their faces are located with lots of mineral content material.
Spiders and pseudoscorpions are predatory arachnids [1].

The arthropod’s body is covered with a hard protective
coat, and ridges are different in colors and maybe one or
mixed. The specialization of body region modifies metamer-
ism for a specific function (stigmatization). The chitinous
skeleton gives backing and assurance and is adjusted in tac-
tile structure. The arthropod body is made from an arrange-
ment of the fragment, and each section bears a couple of
members. Their body is isolated into the fragmented struc-
ture on the outer side, yet inward cavities are not separated
like this. Arthropods’ exoskeleton comprises fingernail skin,
a noncell material emitted by the epidermis of their skin
organs [8]. Their fingernail skin shifts in each species, yet
for the most part, comprised of three principle layers: the
external layers are epicuticle, a dainty, and Waxy coat that
dampness confirmations the alternative layer and supply
them a few insurances. The exocuticle and endocuticle
accommodate chitin and synthetically solidified proteins
and unhardened proteins one at a time. Each body portion
and appendage area is encased in solidified fingernail skin.
The joints between body portions and appendages are
secured by adaptable fingernail skin.

The exoskeletons of most oceanic creatures are biomi-
neralized calcium carbonate removed from the water. Some
earthbound shellfish created a calcium carbonate exoskele-
ton, and land creatures cannot depend on a consistent grace-
fully broken calcium carbonate [9]. Biomineralization
typically impacts the exocuticle and the external aspect of
the endocuticle [10]. Two speculations about the advance-
ment of biomineralization in arthropods and another pack
of creatures delicate that it award relentless guarded rein-
forcement and permits the creatures to develop in amount
and more grounded by giving more inflexible skeletons [11].

The fingernail skin groups bristle developing from
extraordinary cells in the epidermis. Setae (bristle) are as
change fit as a fiddle and capacity as limbs. They are utilized
as a tangible organ to distinguish air or water flows or prod-
uct interactions. Amphibian arthropods are used as quills to
extend the swimming extremities’ surface area and distin-
guish food particles from water, and sea-going bugs are
utilized as air-breathers [12]. Although all arthropods within
the exoskeletons muscles are connected to show their
appendages, some utilize water-driven strain to pull out.
For instance, all creepy crawlies develop. Their legs are solid
and can generate pressure up to their resting level often [13].
Their exoskeleton has two layers, epicuticle and procuticle.
Ecdysis happens during development. The diversity of the
living beings is straightforwardly related to territory, condi-
tion, and food accessibility. During this cycle, they produce
the specific traits as well as the linkages (both interspecific
and intraspecific) that direct the many biological system
capacities that are available over the course of a developmen-
tal timeline. Soil as territory directs soil arthropod assorted
variety dependent on its physical structure (porosity), sup-
plement accessibility, water (soil dampness), state (tempera-
ture, pH), and organization of substances [14].

An arthropod plays a key part in keeping up an envi-
ronment’s normal assets and solidness. Predator and para-
sitoid arthropods offer important support by keeping up
horticultural efficiency and decreasing the requirement
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for agricultural pesticide contributions every year. Other
than their utilization in preservation science, they are like-
wise significant for controlling irritations in agribusiness.
Arthropods have interceded environment administrations
incorporate yield fertilization and nuisance control [15].
Nearby populace elements affected the dispersal capacity
and searching reach. Trophic level impacts the circulation
of species.

At the upper surface of the soil, the microarthropod net-
work is a significant part of soil biodiversity and connects
with the whole framework segment. An even soil arthropod
network is basic in deteriorating crop deposits to frame
humus and reusing mineral supplements for progressive
harvests [16]. Arthropods add to human food gracefully,
legitimately, and significantly more by implication as a pol-
linator of yields. A few animal types are known to spread
extreme malady to human animals and yields. They are the
major groups of freshwater, land, air, and marine life, and
they are the only two major groups that have adapted to
dry environments. The other major group is the amniotes,
whose live members are reptiles, birds, and warm-blooded
animals [17].

Evaluations of the number of arthropod species change
somewhere between 1,170,000 and 5 to 10 million and
account for over 80 percent of all recognized species of living
creatures. The number of species stays hard to decide. This is
because the evaluation demonstrates presumptions extended
to different locales. Hence, an inquiry in 1992 found that in
Costa Rica alone, there were 500,000 forms of creatures and
plants, of which 365,000 were arthropods [18]. The main
objective of this study is to identify the soil arthropods and
their level of abundance in the soil of four plant trees, Neem
(Azadiarachta indica), guava (Psidium guajava), mango
(Mangifera indica), phalsa (Grewia asiatica), and their direct
association with pH contents, organic, and inorganic con-
tents in soil.

2. Material and Methods

2.1. Geographically Position of the Experimental Zone. The
geographical location of Dera Ghazi Khan is 30′03″ N and
70′38″ E. The characteristic of climate is dry and little rain-
fall. The summer is hot, and winter is mild; the average tem-
perature of summer is 42°C, and the winter temperature is
4°C. Windstorms are common in summer due to the barren
mountains of koh-suleman and the sandy soil of the area.
The highest temperature is present in summer; Fort Munro
is on the edge of Punjab and has cooler weather. Scattered
snowfall has been reported.

The experiment was performed in the General Zoology
Laboratory of Ghazi University of Dera Ghazi Khan to
quantify the soil arthropods in urban forests.

2.2. Time Duration of the Study. From Nov 2019 to March
2020 was the time duration of study. Samples were taken
from four trees, including guava (Psidium guajava), mango
(Mangifera indica), neem (Azadirachta indica), and phalsa
(Grewia asiatica). Samples were collected from three loca-
tions: DC Garden D.G. Khan, Mustafa chowk near BISE

D.G. Khan, and Shoriya bypass near Canal City. Sampling
months were January, February, and March.

2.3. Soil Sample. The soil sample was taken from the Dera
Ghazi Khan District from three different areas (DC Garden,
Mustafa chowk near BISE D.G. Khan, and Shoriya Bypass
near Canal City). Soil samples were taken to the Govern-
ment Agriculture Laboratory of D.G. Khan for further anal-
ysis of mineral composition present in the soil [19].

2.4. Sample Collection. The sample for different forest trees
in different duration through the Standard Augar. Standard
Augar was a 1.5″ of diameter and 15″ in length with a T-
shaped handle. This was subjected to the forest trees where
the study was conducted. Samples were collected in three
different months, such as Jan, Feb, and March. Samples were
taken at three different locations each month [20]. In the
form of a triplet, three samples were obtained from each field
for 7 days. The total samples for each month are 12, and 36
are total experimental units. The sample was wrapped in
plastic bags and taken to the Department of Zoology, Ghazi
University Dera Ghazi Khan laboratory, where further sam-
ple evaluation was carried out (Figure 1).

2.5. Apparatus. Apparatus used for the collection of samples
and identification of collecting species were burlesque fun-
nel, beaker, flask, microscopic slides, and liquid measure-
ment glass.

2.6. Extraction of Arthropods. The samples were extracted
through the burlesque funnel method. The sample of soils
was kept in the funnel on guaz/filter paper having diminu-
tive minuscule apertures, which sanction to pass these
arthropods from apertures due to heat and light fitted at
the top of the funnel. After putting soil in the funnel, we uti-
lized light to engender heat and kept this heat light on the
soil for one week. We reiterate this method with every sam-
ple of soils amassed from different plant trees and sites [21].
Beneath the funnel, a solution of ethanol (30%) and distilled
water (70%) keeping, and due to the heat and light of the
bulb, minuscule arthropods will move in the antithesis direc-
tion of light and heat. These arthropods will move forward
to that solution which is kept beneath the funnel (Figure 2).

2.7. Chemical and Reagents

2.7.1. Solution. The solution is prepared, which consists of
ethanol (30%) and distilled water (70%). Soil samples were
put into a funnel, provision the light of a 100-watt bulb
because arthropods are heat sensitive. Therefore, arthropods
move towards the bottom. The solution can attract the soil
arthropods [22].

2.8. Soil Samples Analyses. To determine the different com-
ponents of soil samples, some analyses were performed in
the soil testing laboratory of the agriculture department of
D.G. Khan.

2.8.1. Chemical Analyses of Soil Samples from Different
Tree Plants. To study the nature of the soil in terms of
organic matter, pH, moisture content, electric conductivity

3BioMed Research International
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phosphates (PO4), and potassium (K) according to stan-
dard methods for soil analysis. The moisture content of
soil samples was also determined. Details of soil sample
analyses are described as follows.

2.8.2. pH. The pH of samples was determined in the labora-
tory using a “Digital pH meter (D-25 Horiba)”.

2.8.3. Electrical Conductivity (E.C). The EC of soil samples
was determined with the help of “Conductivity meter model
WTWcind330i.”

2.8.4. Phosphates. The 4500-P standard method was used to
determine the sample’s level of phosphates (APHA, 2005).

2.8.5. Potassium. Soil potassium extraction with ammonium-
acetate (NH4OAc) from oven-dried samples was used to
determine potassium. To determine the potassium content
of the filtered extracted, we can use Jenway PFP7 Flame
Photometer.

2.8.6. Moisture Content. The moisture content of the soil was
determined using a simple Memmert incubator (oven)
(Model INB 300).

2.9. Identification of Arthropods. The arrangement with the
arthropods was moved for the minute investigation to dis-
tinguish the arthropods and gauge the insects’ thickness.
The identification of the insects was accomplished by using
a stereoscope (Bresser GmbH’s Science ETD-201, Art No.
58-06200, Lot No. 5806200-1617) in conjunction with a
high-definition camera and a personal computer screen,
both of which were located in the laboratory of the Zoology
Department at Ghazi College in Dera Ghazi Khan
(Figure 3). We took photographs of various soil arthropods
available in this isopropyl arrangement. The arrangement
was put onto the slides, and with a high-goal camera asso-
ciated with a stereoscope and screen, we took the photo-
graphs of various soil arthropods and spared them in PC.
Later, ID was finished [23].

2.10. Diversity Analyses. Some of the following diversity
indices were employed to calculate the diversity in observed
soil arthropods: T-test, Shannon Weiner, cluster analysis,
species abundance, species richness and similarity index,
evenness, dominance, and maximum diversity.

2.10.1. Species Richness. The presence of species in a specific
region was calculated with the help of samples.

2.10.2. Species Diversity. The accumulation of a different type
of species in a given community was calculated.

2.10.3. Relative Species Abundance. The proportion of any
specific species as compared to other species was measured.
The percentage of any particular species compared to the
total species in the area was also measured.

2.10.4. Dominance. The dominance of arthropods was stud-
ied by calculating the relative abundance of arthropods

Figure 1: Standard Augar used for the sampling procedure during
field survey.

Figure 2: Installation of berlese funnels to extract insects from soil
samples. It uses a heat source (in this case, a light bulb) to dry the
sample, forcing the insects through a screen and into a jar of
preserving fluid.

Figure 3: Stereoscope was used to visualize the respective
arthropods for their examination during this study.
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identified from each soil sample. The species is present in
more numbers than other species in a given community.

2.10.5. Evenness, Species Abundance, and Diversity Index. To
compare the similarity of all species in a given population.
The number of individuals per species was calculated. The
diversity index was used to calculate the species in a given
community.

2.11. Statistical Analysis. T-test was used to analyze the p
values.

Shannon index was used to find out the species diversity
in the sample.

Shannon Index ðHÞ = −∑pi ln pii = 1:
Shannon index tells us about the diversity of species in

the sample.
p is the proportion of particular species in the total num-

ber of individual species, n/N is the no. of species in the nat-
ural log, and Σ is the sum of the calculations.

3. Results

3.1. Soil Sample Analysis Report. In this study, we have dis-
cussed the findings of our experiment. The experiment was
laid out to check the biodiversity of arthropods in different
soil samples under different types of trees, i.e., Psidium gua-
java, Azadirachta indica, Grewia asiatica, and Mangifera
indica. The discussion of the findings of the results is given
below (Table 1).

3.2. Estimation of Arthropods in Neem (Azadirachta indica).
There were total 12 numbers of species of arthropods that
were found in the soil. The maximum number of species
found in Azadirachta indica during January was mites
(50), followed by millipedes (41) and centipedes (40). The
minimum number of arthropods found in the soil was ter-
mites (8). During February, the maximum number of species
found was mites (51), followed by springtail and ants (47)
and millipedes (43), while the minimum numbers of arthro-
pods were wolf spider, which was counted at 21 in February.
During March, the maximum number of species of arthro-
pods was a centipede, and ants counted 54, followed by
mites, 53, and millipede, 48, while the minimum number
of species was a wolf spider, 30. The maximum number of
12 species of arthropods was highest in March 535, followed
by February 453 and January 361. (Table 2).

3.3. Relative Abundance of Arthropods in Azadirachta indica.
Relative abundance % during January and February was
found to be highest for mites, and during March, it was
found to be highest for ants, springtail, and centipedes.

3.4. Estimation of Arthropods in Psidium guajava. There
were a total of 12 numbers of species of arthropods that were
found in the soil. The maximum number of species found in
Psidium guajava during January was centipedes (39),
followed by ants (37) and millipedes, springtail, and oribatid
mites (36). The minimum number of arthropods found in
the soil was termites (16). During February, the maximum
number of species found were centipedes (49), followed by

ants (46) and millipedes (43), while the minimum number
of arthropods was termites, which were counted at 25 in
February. During March, the maximum number of species
of arthropods were ants counted at 55, followed by milli-
pedes and centipedes, 54, while the minimum number of
species were wolf spiders at 29. The maximum number of
a total of 12 species of arthropods was found highest during
March 518, followed by February 440 and January 356.
(Table 3).

3.5. Relative Abundance of Arthropods in Psidium guajava.
Relative abundance % during January and February was
found to be highest for centipedes, and during March, it
was highest for ants.

3.6. Estimation of Arthropods in Mangifera indica. There
were total 12 numbers of species of arthropods that were

Table 3: The total numbers of arthropods in Psidium guajava were
counted during all three sampling months.

Arthropods
species

Psidium
guajava (Jan)

Psidium
guajava (Feb)

Psidium guajava
(March)

Millipedes 36 43 54

Sow bug 17 29 38

Spider 34 41 45

Pseudoscorpion 29 30 31

Wolf spiders 29 35 29

Centipedes 39 49 54

Mites 29 40 50

Tiger beetle 18 34 41

Springtail 36 42 52

Oribatid mites 36 26 35

Termites 16 25 34

Ants 37 46 55

Total 356 440 518

Table 2: The total numbers of arthropods in Azadirachta indica
were counted during all three sampling months.

Arthropods
species

Azadirachta
indica (Jan)

Azadirachta
indica (Feb)

Azadirachta indica
(March)

Millipedes 41 43 48

Sow bug 21 32 36

Spider 34 42 47

Pseudoscorpion 27 32 34

Wolf spiders 16 21 30

Centipedes 40 42 54

Mites 50 51 53

Tiger beetle 26 38 43

Springtail 37 47 54

Oribatid mites 22 37 47

Termites 8 21 35

Ants 39 47 54

361 453 535
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found in the soil. The maximum number of species found in
Mangifera indica during January was millipedes, centipedes,
mites, and springtail (32), while the minimum number of
arthropods found was termites (18). During February, the
maximum number of species found was mites (42), followed
by ants and oribatid mites (39). The minimum number of
arthropods was a pseudoscorpion, and wolf spider counted
23 each in February. During March, the maximum number
of species of arthropods was mites, springtail, and ants
counted at 50, while the minimum number of species was
wolf spider 22. The maximum number of a total of 12 spe-
cies of arthropods was found highest during March 494,
followed by February 390 and January 325 (Table 4).

3.7. Estimation of Arthropods in Grewia asiatica. There were
total 12 numbers of species of arthropods that were found in

the soil. The maximum number of species found in Grewia
asiatica during January was mites (33), while the minimum
number of arthropods found was termites (14). During Feb-
ruary, the maximum number of species found were ants
(46), followed by springtail (44), while the minimum num-
ber of arthropods was oribatid mites, which were counted
14 in February. During March, the maximum number of
species of arthropods was centipedes that counted 61, while
the minimum number of species was oribatid mites, 16. A
maximum number of total of 12 species of arthropods was
found highest during March 531, followed by February 416
and January 332 (Tables 5 and 6).

3.8. Shannon-Weiner Index. The Shannon diversity index
measured the difference in the diversity of trees. Table 7
below presents the diversity indices of arthropods among
selected tree species i.e., Azadirachta indica, Mangifera
indica, Grewia asiatica, and Psidium guajava. Accordingly,
the diversity of arthropods was significantly different among
all selected tree species. The highest diversity was observed
in samples 1 of Mangifera indica and 3 of Azadirachta indica
(H ′ = 2:47) followed by samples 2 and 3 of Psidium guajava
and Mangifera indica (H ′ = 2:46).

3.9. Cluster Analysis. In this dendrogram, it is evident that in
Psidium guajava and Grewia asiatica, population of milli-
pede is more similar to other trees. Mangifera indica has
the highest number of millipedes and is more different than
any other tree. Similarly, the population of sow bugs in Aza-
dirachta indica and Grewia asiatica is similar, and Psidium
guajava and Mangifera indica are similar. Still, the highest
number of sow bugs was found in the Grewia asiatica and
Psidium guajava. Cluster analysis showed that the number
of spiders in Azadirachta indica and Psidium guajava was
similar, while the highest number of spiders was found in
Mangifera indica. As far as the pseudoscorpion is concerned,

Table 6: Statistical analyses of all four respective tree samples were
done. Three samples from each tree were taken under
consideration. Following results showed that the entire samples
have a significant level of arthropods.

Name and sample T test p value

Azadirachta indica 1 8.60 0.000∗∗∗

Azadirachta indica 2 13.46 0.000∗∗∗

Azadirachta indica 3 17.54 0.000∗∗∗

Psidium guajava 1 12.33 0.000∗∗∗

Psidium guajava 2 15.91 0.000∗∗∗

Psidium guajava 3 15.43 0.000∗∗∗

Mangifera indica 1 19.49 0.000∗∗∗

Mangifera indica 2 15.31 0.000∗∗∗

Mangifera indica 3 15.30 0.000∗∗∗

Grewia asiatica 1 17.02 0.000∗∗∗

Grewia asiatica 2 12.28 0.000∗∗∗

Grewia asiatica 3 10.76 0.000∗∗∗

Table 4: The total numbers of arthropods inMangifera indica were
counted during all three sampling months.

Arthropods
species

Mangifera
indica (Jan)

Mangifera
indica (Feb)

Mangifera
indica (March)

Millipedes 32 34 47

Sow bug 24 29 39

Spider 28 38 43

Pseudoscorpion 26 23 30

Wolf spiders 20 23 22

Centipedes 32 37 49

Mites 32 42 50

Tiger beetle 24 24 34

Springtail 32 38 50

Oribatid mites 28 39 46

Termites 18 24 34

Ants 29 39 50

Total 325 390 494

Table 5: The total numbers of arthropods in Grewia asiatica were
counted during all three sampling months.

Grewia
asiatica (Jan)

Grewia
asiatica (Feb)

Grewia asiatica
(March)

Millipedes 29 41 51

Sow bug 19 31 38

Spider 28 39 49

Pseudoscorpion 31 29 35

Wolf spiders 32 38 54

Centipedes 29 42 61

Mites 33 42 54

Tiger beetle 30 25 28

Springtail 31 44 59

Oribatid mites 26 14 16

Termites 14 25 31

Ants 30 46 55

332 416 531
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cluster analysis showed that Mangifera indica and Grewia
asiatica have similar numbers. In contrast, Psidium guajava
and Azadirachta indica have a similar number of pseudo-
scorpions, while the highest number of pseudoscorpions
was found in the soil taken from Psidium guajava and Man-
gifera indica (Figure 4).

Cluster analysis for wolf spiders showed that Psidium
guajava and Mangifera indica have a similar number,
and Azadirachta indica and Grewia asiatica have the same
number of wolf spiders. It can be seen from the graphs
that Grewia asiatica and Psidium guajava had the highest
number of wolf spiders. For centipedes, it is evident that

Table 7: Shannon-Wiener index (Shannon-Weiner index) describes the disorder and uncertainty of individual species. Higher uncertainty
means the higher the diversity.

Trees No. of species Sample 1 (H ′) No. of species Sample 2 (H ′) No. of species Sample 3 (H ′)
Azadirachta indica 361 2.40 416 2.45 535 2.47

Psidium guajava 356 2.45 390 2.46 518 2.46

Mangifera indica 325 2.47 440 2.46 494 2.46

Grewia asiatica 332 2.46 453 2.44 531 2.43

MangoPhalsaGuavaNeem

11.24

40.83

70.41

100.00

Millipede

MangoGuavaPhalsaNeem

0.11

33.41
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100.00
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78.51

89.26
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Pseudoscorpion

Figure 4: Cluster analysis of millipedes, sow bug, spider, and pseudoscorpion species in all observed trees to construct groups, or clusters,
while ensuring that within a group, the observations are as similar as possible. In contrast, observations belonging to different groups are as
different as possible.
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Azadirachta indica and Psidium guajava had a similar
number of centipedes, while the maximum number of
centipedes was present in Grewia asiatica as compared in
the cluster analysis. The maximum number of mites was
present in the soil taken from the Psidium guajava and
Mangifera indica. In contrast, the maximum number of
tiger beetles was also present in the same tree species as
in mites (Figure 5).

There was less or no difference in the presence of spi-
der tail numbers in Mangifera indica and Azadirachta
indica. In contrast, the maximum number of spider tails
were present in Psidium guajava. As far as oribatid mites
are concerned, the maximum number of these arthropods
was present in Psidium guajava and Mangifera indica. The
maximum number of termites and ants was also present
in Psidium guajava, as indicated by the cluster analysis
dendrograms (Figure 6).

3.10. Arthropod Diversity. The graph below represents the
total number of arthropods in the sample collected in
the experiment. The results are given in the number of
each arthropod species and the percentage. The total num-
ber of arthropods in the experiment was 5151, millipedes
contributed 10% (499) of the total population, and the
sow bug represented 7% of the total population which
was 353. The number of spiders accounted for 9% (468),
the number of pseudoscorpions accounted for around 7%
(357), and the number of wolf spiders accounted for 7%
(349). There were 528 centipedes (ten percent), but there
was only a difference of two mites (526, ten percent).
Tiger beetles were found in 365 (7%) of the overall popu-
lation, springtails numbered 522 (10%), and oribatid mites
made up 7% (372) of the whole population (Figure 7). In
the samples taken for the trials, the number of termites
was the lowest, contributing just 6%, and there were only

MangoGuavaPhalsaNeem

0.61

33.74

66.87

100.00

Wolf spider

PhalsaMangoGuavaNeem

5.34

36.90

68.45

100.00

Centipede
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37.96

68.98
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Mites
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1.66

34.44

67.22

100.00
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Figure 5: Cluster analysis of wolf spider, centipede, mites, and tiger beetle species in all observed trees to construct groups, or clusters, while
ensuring that within a group, the observations are as similar as possible, while observations belonging to different groups are as different as
possible.
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285. In contrast, the percentage of ants was 10%, with 522
of them (Table 8).

4. Discussion

For the analysis of the soil characteristics, samples from the
experiment sites were taken and sent for analysis. The anal-
ysis report is given in Table 1. It is evident from the report
that the soil was normal and needed no amendments, i.e.,
the addition of gypsum etc., to overcome the problem of
salts depletion or salt deposition on the surface of the soil.
From the results, it is concluded that EC of the soil lies in
between 2.94 and 4.92ms/cm. Soil pH in Pakistan fall in very
optimum range so as our sample does, pH of the samples fall
in the range of 7.02–7.58. Organic matter in the soil is the
main characteristic that defines the fertility of the soil. The
maximum organic matter % of the sampled soil was 0.92,
and the minimum % was 0.42. Available phosphorus and

potassium of the soil lies in between 7.32 and 8.42 and 176
and 196, respectively. Saturation % of the sampled soil was
the same for the entire sample, 36, while the soil texture
was loam, according to the soil analysis report.

In our study, more arthropods are captured compared to
those that report arthropods in the agronomic crops.
According to previous studies, the near-natural habitat offers
arable land, stable protection, a food source, and a microcli-
mate for various arthropods [23]. Therefore, more arthro-
pods can be caught near the orchard.

For a long time, people have believed that plant diversity
is an important factor in determining nutrient-rich biodiver-
sity [24]. The close relationship between the composition of
plants and arthropods is complex and beyond the scope of
this study. However, this study has shown that “habitat com-
plexity” significantly impacts the abundant arthropods in the
soil. Therefore, our results agree with those of [25] observed
that the frequency of arthropods generally decreases with

GuavaPhalsaMangoNeem

16.26

44.18

72.09

100.00

Spider tail

PhalsaGuavaMangoNeem

0.00

33.33

66.67

100.00

Oribatid mites
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13.97

42.65
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35.31
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Figure 6: Cluster analysis of spider tail, oribatid mites, termites, and ants species in all observed trees to construct groups, or clusters, while
ensuring that within a group, the observations are as similar as possible. In contrast, observations belonging to different groups are as
different as possible.
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increasing land use and management intensity. These
authors believe that the entire process of agriculture intensi-
fication, from full local vegetation associations to fragmen-
ted mixed agricultural landscapes to high-intensity farming
or pasture systems, can create a range of impacts and threats
that lead to biodiversity reduce. Many possible explanations
exist for the abundance of arthropods in less land-intensive
systems [26]. Areas with little to moderate improvement/
intensification (such as indigenous vegetation and pastures)
may have greater habitat complexity because the risk of
intensification and uniform management is lower than that
of many agricultural systems. Therefore, there can be many
niche opportunities with complex land use, while fewer
niches are available for systems with less complex structure
and composition. Therefore, in a simplified system, the pos-
sibility of coexistence by resource allocation can be reduced,
reducing species abundance.

The habitat’s more complex composition and structure
may offer humans more opportunities to obtain a wider
range of alternative food resources [27], which helps classify
omnivorous and nonspecific predatory organisms. Another

possible explanation for the increase in wealth in less dis-
turbed habitats is that in environments with frequent or
severe disturbance, the composition of the community can-
not go beyond the initial pioneering stage. Frequent “reset-
ting of the continuous clock” in areas of high disturbance
results in an environment conducive to the first continuous
species but not to the later continuous species [28]. If the
disorder is severe and common (e.g., in intensive farming),
all but the most diverse group can be excluded, reducing
the total number of species.

Soil arthropods react differently to light. One explana-
tion is that light can speed up the sample drying rate to
reflect it compared to extraction without light. On the con-
trary, soil arthropods are more sensitive to an increase in
temperature or a decrease in humidity. In this case, the use
of light during the extraction process inactivates the arthro-
pod before exiting the sample, so its apparent abundance
decreases. In addition, soil arthropods live in relatively cool
and dark (soil) habitats [14]. They can therefore react sensi-
tively to increased temperature and incidence of light, so
that the use of light in the extraction process can lead to
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528, 10%526, 10%
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Arthropods diversity

Millipedes
Sow bug
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Figure 7: Arthropod diversity in the sampled tree soil during January, February, and March.The diversity has been shown in terms of
numbers as well as percentage.
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an underestimation of soil arthropods. The immature soft
epidermis makes it more susceptible to moisture droplets
in the suction cup. Organisms such as mites (the vast major-
ity of young animals in this study) are inactive during
moulting and, therefore, cannot leave the sample [29]. As a
result, another extraction method, such as flotation, should
be more suitable for the immature form.

In March, soil arthropods left the sample faster. Simi-
larly, the March samples had the highest frequency, while
the January samples had the low frequency. One explanation
is that the loose structure of the sample stores less moisture
and dries faster, so the temperature/moisture gradient can be
established more quickly than with compact samples, which
can store more moisture [30].

This has a double effect: over a month, the gradient cre-
ated by drying the sample at room temperature slowly
moves down, forcing the arthropods to leave the sample,
but their size is not large enough to kill them, translating
into a greater abundance of arthropods. In March, the gradi-
ent created by drying the sample at room temperature
reached a higher critical level. It became larger, forcing the
arthropods to move outward, resulting in a higher estimate
of the frequency of arthropods in the sample. This can also
be elaborated by the fact that during January the richness
of the soil in terms of fertility or organic matter is enhanced
during March due to moderate temperature and humidity.

Compared to traditional methods, organic farming can
also increase the abundance of many species and biota. For
example, the use of herbicides in conventional agricultural
systems will reduce the incidence of weeds in nature.
Depending on the species of these plants, this can have
harmful effects on insects and birds [31]. Similarly, the use
of insecticides will reduce not only pests but also predatory
insects.

Common methods of plant management such as deep
ploughing, the application of agrochemicals, and mechanical
harvesting can increase the frequency and severity of inter-
ference systems [32]. We have not analyzed the effects of
these factors in our research. However, we are studying agri-

cultural and nonagricultural systems [33] which showed that
agriculture in the vineyard system destroyed the numbers of
invertebrates, including ants, pennies, and millipedes. Agri-
culture in particular destroys the combination of ants [34]
which found a similar conclusion in the olive tree ecosystem:
if olive trees are frequently disturbed, sensitive ant species
are gradually eliminated.

Many arthropods now become serious pests due to
excessive use of pesticides without any proper recommenda-
tions on all types of fruit plants especially. These pesticides
may also cause the reduction of arthropods which are the
common source of soil reclamation by decomposing with
the help of bacteria in their bodies. Mango, guava, and falsa
trees are susceptible to various insects and mites. It is known
that there are 400 pests on these trees reported in different
parts of the world [35]. According to the precise classifica-
tion of the infestation parts of the pests, the main (about
45% of total species) is branch and leaf food, followed by
fruit food (32%), and the rest feed on inflorescences,
branches, and trunks. Secondary pests can become serious
due to cultural customs or climatic and/or species changes
or the indiscriminate use of pesticides on the main pests.
[36] reported that large-scale insects became serious pests
due to the ruthless use of insecticides on fruit flies. Similarly,
mites, considered minor pests, can become serious due to
human interference. Occasional or sporadic pests can cause
economic losses in local areas even at a specific time.

Our results suggest that agricultural orchards affect soil
arthropods in all areas. Arthropods are important drivers
of ecosystem functions as nutrient cycling, pest control, pol-
lination, and maintenance of soil structure. So, strategies for
addressing the conservation of arthropods in agricultural
orchards must be promoted.

5. Conclusion

Different kinds of trees were selected to check the diversity
of arthropods. The total number of arthropods in the exper-
iment was 5151, in millipedes 10%, spiders accounted for

Table 8: Total numbers of arthropod species found in all experimental sites on four respective trees.

Arthropods species
Experimental sites

DC Garden Mustafa Chowk Canal City
Neem Guava Mango Phalsa Neem Guava Mango Phalsa Neem Guava Mango Phalsa Total

Millipedes 41 36 32 29 43 43 34 41 48 54 47 51 499

Sow bug 21 17 24 19 32 29 29 31 36 38 39 38 353

Spiders 34 34 28 28 42 41 38 39 47 45 43 49 468

Pseudoscorpion 27 29 26 31 32 30 23 29 34 31 30 35 357

Wolf spiders 16 29 20 32 21 35 23 38 30 29 22 54 349

Centipedes 40 39 32 29 42 49 37 42 54 54 49 61 528

Mites 50 29 32 33 51 40 42 42 53 50 50 54 526

Tiger beetle 26 18 24 30 38 34 24 25 43 41 34 28 365

Springtails 37 36 32 31 47 42 38 44 54 52 50 59 522

Oribatid mites 22 36 28 26 37 26 39 14 47 35 46 16 372

Termites 08 16 18 14 21 25 24 25 35 34 34 31 285

Ants 39 37 29 30 47 46 39 46 54 55 50 55 527
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9%, sow bug, pseudoscorpion, wolf spider, and tiger beetles
were present in 7% of the total population. T-test and statis-
tical analysis showed that the results were significant. The
Shannon diversity index of the arthropods is also developed.
Similarly, the highest dissimilarity in the number of sow
bugs was found in the phalsa and guava, for spiders in
mango, pseudoscorpion and mites in guava and mango, cen-
tipedes in phalsa, oribatid mites, and for termites, ants and
spider tails were present in guava.

Data Availability

All data relevant to this paper will be available to readers
upon request from the corresponding authors.
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Data regarding the therapeutic potential of Caladium lindenii (C. lindenii) are insufficient. It becomes more important to explore
plants as an alternative or palliative therapeutics in deadly diseases around the globe. The current study was planned to explore C.
lindenii for its anticancer activity of ethanolic and hexane extracts of C. lindenii leaves against hepatic carcinoma (HepG2) and
human embryonic kidney (HEK293T) cell lines. HepG2 and HEK293T cells were treated with 10, 50, 100, 200, and 400μg/mL
of ethanolic and hexane extracts of C. lindenii and were incubated for 72 h. Antiproliferative activity was measured by 3-(4,5-
dimethylthiazol-2yl)-2,5-biphenyl tetrazolium bromide (MTT) assay, and percentage viability were calculated through crystal
violet staining and cellular morphology by Floid Cell Imaging Station. The study showed ethanolic extract exhibiting a
significantly higher antiproliferative effect on HepG2 (IC50 = 31 μg/mL) in a concentration-dependent manner, while
HEK293T (IC50 = 241 μg/mL) cells showed no toxicity. Hexane extract exhibited lower cytotoxicity (IC50 = 150 μg/mL) on
HepG2 cells with no effect on HEK293T (IC50 = 550 μg/mL). On the other hand, the percentage viability of HepG2 cells was
recorded as 78%, 67%, 50%, 37%, and 28% by ethanolic extracts, and 88%, 80%, 69%, 59%, and 50% by hexane extracts at
tested concentrations of both extracts. Toxicity assay showed significantly safer ranges of percentage viabilities in normal cells
(HEK293T), i.e., 95%, 90%, 88%, 76%, and 61% with ethanolic extract and 97%, 95%, 88%, 75%, and 62% with hexane extract.
The assay validity revealed 100% viability in the control negative (dimethyl sulfoxide treated) and less than 45% in the control
positive (cisplatin) on both HepG2 and HEK293T cells. Morphological studies showed alterations in HepG2 cells upon
exposure to >50 μg/mL of ethanolic extracts and ≥400μg/mL of hexane extracts. HEK293T on the other hand did not change
its morphology against any of the extracts compared to the aggressive changes on the HepG2 cell line by both extracts and
positive control (cisplatin). In conclusion, extracts of C. lindenii are proved to have significant potential for cytotoxicity-
induced apoptosis in human cancer HepG2 cells and are less toxic to normal HEK293T cells. Hence C. lindenii extracts are
proposed to be used against hepatocellular carcinoma (HCC) after further validations.

1. Introduction

Due to the critical premise of epidemiology, cancer assures
the most complex pathological state among the health of

the population [1]. In 2018, 18 million people were affected
by cancer including 8.5 million females and 9.5 million
males from which 9.5 million deaths were reported. Approx-
imately, 19.3 million new cancer cases and 10.0 million
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deaths have been reported in 2020. The estimation of cancer
incidence is expected to be 28.4 million cases by the year
2040 [2]. Conventional medicines stimulate apoptosis and
exploit the cascade of intracellular events in cancer cells. In
the earliest times, various natural remedies had been used
to manage diseases counting cancer, as these products have
diversified mechanisms comprising the onset of apoptosis
to inhibit signaling [3]. Morphological, biochemical, and
gene-based characterization of cell lines come up with new
intuitions regarding the diversity of polygenic traits, chemo-
therapy resistance, and the understanding of targeted cancer
therapies [4].

Plant-based phytochemicals and antioxidants are known
for anticancer treatment because of their anti-\proliferative,
antioxidative, and apoptotic values in recent times [5]. Poly-
phenols are a large family of naturally occurring compounds
with antioxidant properties. Volatile organic compounds
(VOC) are responsible for aromatic characteristics in medic-
inal and aromatic plants (MAPs). These polyphenols can
combat various diseases including neurodegenerative dis-
eases, cardiovascular diseases, inflammations, and different
types of cancers. The two existing biosynthetic pathways of
secondary metabolites which lead to the formation of phe-
nolic compounds are the shikimic acid pathway gives rise
to phenylpropanoids, tannins, lignin, and many others,
while the acetate-mevalonate pathway produces phenols
[6]. Vegetables and MAPs are enriched with phenolic com-
pounds (isoflavonoids, anthocyanins, lignans, and phenols).
Their therapeutic effects on human health have been studied
more efficiently in recent years. Flavonoids belong to the
group of polyphenolic secondary metabolites found in plants
and vegetables are responsible for health benefits through
signaling pathways and antioxidant effects [7].

The enormous therapeutic nature of medicinal plants are
phytocompounds that provide a revolutionary advantage
everywhere on the globe due to their hidden epitome [8].
A lot of analgesics, narcotics, and other drugs have been
used since ancient times including opium, aspirin, quinine,
and digitalis. Identified phytocompounds recommended
for cancer treatment are vinca alkaloids, podophyllotoxin,
taxanes, and roscovitine, and their derivatives have consider-
able effects on cancer development and proliferation.
Because of diverse ethnomedicinal and ethnopharmacologi-
cal comparisons of various species, many scientific works
have been assembled over the past decade. Many phytocom-
pounds including gingerol, curcumin, kaemferol, resveratrol,
and nutritional phenolic compounds revealed anticancer
activity both in vivo and in vitro experimentation [9]. Many
in vivo as well as in vitro studies have reported the antican-
cerous properties of plant-derived natural compounds
through the inhibition of enzymatic activity, stimulating
DNA repair pathways, bringing antioxidant mechanism,
and the release of protective enzymes [10].

C. lindenii is a flowering plant native to South America
and belongs to the family Araceae. Many species of Cala-
dium grow in wild areas of Nigeria. Authors reported that
the plant parts of Caladium species have been used to man-
age various disease conditions including various kinds of
tumors and infections in traditional medicine system [11].

The leaves, tubers, and other parts of C. lindenii were used
therapeutically for stingray lesions in the regions of Brazil.
However, no sufficient data has been found to reveal the
presence of phytochemicals and pharmacological effects of
C. lindenii in literature [12]. The underlying principle of
the current research work is to explore the efficacy of organic
extracts of C. lindenii with antiproliferative activity in
response to the HepG2 (liver cancer) and normal HEK293T
(human embryonic kidney 293T) cell lines.

2. Materials and Methods

2.1. Plant Collection and Identification. The leaves of C. lin-
denii were collected in the summer season from the botani-
cal garden of Quaid-e-Azam University, Islamabad,
Pakistan. The identification of leaves was confirmed by tax-
onomist Dr. Zaheer-ud-Din Khan (GC. Herb. Bot. 3854)
working as a legendary professor in the Department of Bot-
any, Government College University Lahore, and the sam-
ples were also submitted at the University Herbarium bank.

2.2. Plant Extract Preparation. The leaves of C. lindenii were
shade dried for 10 days and then crushed into the powdered
form using a laboratory grinding mill (Thomas Scientific).
Powdered leaves (300 g) were macerated into 1.0 L of ethanol
(Sigma-Aldrich, 90%) and n-hexane (Sigma-Aldrich, 95%)
separately and incubated for 2 weeks at 37°C. Filtration
was done by using Whatman No.1 filter paper in reagent
bottles. A rotary evaporator (Heidolph Hei-Vap, Germany)
was used to concentrate the filtrates separately under a vac-
uum at 40°C, and the lyophilization or freeze-drying method
was used to achieve dry extracts, and then samples were
stored at 4°C [13].

2.3. Cancer Cell Cultivation. Hepatocellular carcinoma
(HepG2) cell line and the human embryonic kidney
(HEK293T) cell line were arranged from the UOL cell line
BioBank (IMBB/CRiMM), The University of Lahore,
Lahore, Pakistan. The cancer cells were successfully cultured
in Dulbecco’s Modified Eagle’s Medium (DMEM) (Caisson
Lot#02160032), 10% heat-inactivated fetal bovine serum
(FBS) (Sigma-Aldrich Lot#BCBS3184V), and 100U/mL of
Penicillin-Streptomycin (Caisson Lot#10201011). The nor-
mal human kidney cells (HEK293T) were grown in Mini-
mum Essential Media (MEM) (Gibco) with 15% FBS and
incubated at 37°C with 5% CO2. Once the cells reach 80%
confluent, the passage was carried out with minor changes.
The medium was then removed and the cells were washed
with PBS (Inovatiqa Lot#153595). Trypsinization was done
by adding 3mL of trypsin (Gibco Lot#1297823) until cells
detach from the surface of the flask. A complete medium
(5mL) was added to end up the reaction, centrifuged the
cells at 1500 rpm for 5 minutes, and then aspirated the
supernatant. The passage was carried out by adding 10mL
of fresh growth medium and every 5mL of cell suspension
was shifted to a T75 cm2 cell culture flask [14].

2.4. Cell Counting and MTT Assay for Cytotoxicity Analysis.
Trypsin was applied to cells to detach from the surface. Cen-
trifugation was carried out and the cells were resuspended in
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3mL of the active medium. The hemocytometer was used
for cell counting. The cell suspension was then placed into
96-well microtitre plastic plates and incubated at 37°C for
24 h with 5% CO2. The MTT assay was performed with
slight modifications following the protocol described by Riaz
[15]. The ethanolic and hexane crude extracts of C. lindenii
were dissolved in dimethyl sulfoxide (DMSO) (Invitrogen
Inc., USA) at a concentration of 160mg/mL. HepG2 cells
were seeded in 96-well microtitre plate (1 × 104 cells/well)
in 200μL of the complete medium in the microtitre plate,
and the prepared concentrations (400, 200, 100, 50, and,
10μg/mL) were administered to cells. The last step was to
incubate under the temperature mentioned previously with
5% CO2. The same protocol was used for HEK239T cells
with MEM medium and 15% of FBS. Cisplatin drug
(Patients Welfare Society Inmol Receipt No, 651278)
(10μg/mL) was used as a positive control, DMSO (0.1%)
as a negative control, and untreated cells containing plan
DMEM medium (2% FBS) were used for the comparison,
before and after treatment. The normal HEK293T and can-
cer HepG2 cell lines were used to assess the toxicity of plant
extracts on healthy and cancer cells. After 72 h of incubation,
the medium aspired and the degree of cellular proliferation
was observed under the microscope. MTT assay was per-
formed by adding 20μL of MTT reagent (Invitrogen Inc.,
USA) into each well and continued with incubation for 2 h.
After removing the supernatant, 150μL of DMSO was
mixed and then placed on a plate shaker to dissolve forma-
zan crystals. After incubation for 15 minutes, the absorption
spectra across the wells were determined by using a micro-
plate reader (BIO-RAD) at a specified wavelength of
570nm. Reactions in triplicate were performed for all sam-
ples. Half-maximal inhibitory concentration IC50 was calcu-
lated using a linear regression method.

2.5. Cell Viability/Adhesion Assay. Crystal violet solution
(0.1% wv) (Sigma-Aldrich) was prepared in 9mL of PBS.
Crystal violet (CV) assay was performed by following the
protocol of Nawaz et al. with slight changes [16]. HepG2
and HEK293T cells were seeded in a 96-well microtitre plate
(1 × 104 cells/well) in 200μL of complete medium. Incuba-
tion was carried out for 72 h under a specified temperature
(37°C) with humidity and 5% CO2. The treated (with plant
extract) and untreated media were removed, and the cells
were fixed with 70% ethanol for 10min. CV solution was
added for cell staining and stayed for 30min. The plate
was washed with PBS and then destained the cells with
200μL of triton X-100 solution (Sigma-Aldrich CAS#9036-
19-5) used to de-stain cells. The cells were incubated at room
temperature for 30min and the optical density (OD) of sam-
ples was measured in triplicate at 570 nm using a
spectrophotometer.

2.6. Percentage Calculation of Cell Viability. The percentage
of viable cells was calculated by using the formula equation:

%Cell viability = Mean absorbance of treated cells
Mean absorbance of control ∗ 100:

ð1Þ

2.7. Morphological Examination. To inspect the effect of
plant extracts on cancer cell proliferation, the morphological
variations were visualized and compared with the control
group by applying different treatment concentrations on
HepG2 and HEK293T cells using Floid Cell Imaging Station.

2.8. Data Analysis. The experiments were carried out in
three corresponding or identical parts and the data were
expressed asmean ± standard deviation (SD). One-way anal-
ysis of variance (ANOVA) and Tukey’s test were used to
determine the interaction among three variables through
Graph pad prism 5.0. IC50 values were calculated by linear
regression method using AA Bioquest calculator. p˂0:05
was considered statistically significant with a confidence
interval (CI) of 95%.

3. Results

3.1. Cytotoxic Effects of Plant Extracts on HepG2 and HEK-
293T Cells. Cell proliferation inhibition activity of ethanol
and hexane extracts of C. lindenii leaves on HepG2 and
HEK-293 cell lines are represented in Figure 1 and Table 1.
Depending on the results, the MTT test on the ethanolic
extract showed a high antiproliferative effect against HepG2
(IC50 = 31 μg/mL) in comparison with HEK293T
(IC50 = 241 μg/mL) at 72 h. It confounds that ethanolic
extract concentrations (400, 200, 100, 50, 10μg/mL) become
more toxic to cancer cells as compared to cisplatin (10μg/
mL) which was taken as positive control and DMSO as neg-
ative control (Figure 1). Hence, the ethanolic extract
enhanced the mortality of cancer cells even at the lowest
concentration (50μg/mL). The wells treated with hexane
extract exhibited lower cytotoxicity (IC50 = 150 μg/mL) on
HepG2 cells, however, HEK293T (IC50 = 550 μg/mL) cells
displayed very less or no effect at the same time. The aggres-
sive effect of cisplatin on both cell lines was also examined.
Plant extracts showed more cytotoxic effects on the viability
of HepG2 cells at 400, 200, and 100μg/mL, whereas minimal
effects were observed on normal cells (HEK293T). Results
demonstrated that alcoholic extract had strong antiprolifer-
ative activity on cancer cells with a partial effect on
HEK293T at 72h, whereas, hexane extract showed negligible
effects in all in vitro tested concentrations (10-400μg/mL).

3.2. Morphological Observation of Ethanolic Concentrations.
Morphological assessment of ethanolic concentrations was
observed in HepG2 and HEK293T cells shown in Figure 2.
Alterations in cell structure, shape, and size were observed
in a concentration-dependent manner. Cells at 50μg/mL
and higher concentrations reduced the survival rate of can-
cer cells by losing their normal morphology and the capacity
to attach to the surface. The lower concentration (10μg/mL)
did not show any alteration in shape or reduced viability in
HepG2 cells as observed by the MTT assay. In the case of
cisplatin (positive control), a round-shaped image and less
viability were observed in HepG2 treated cells. The morpho-
logical features and cytotoxicity of HEK293T cells were also
assessed after treatment. Antiproliferative effects of ethanolic
extract concentrations of C. lindenii stop the proliferation of
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cancerous cells, whereas healthy (HEK293T) cells were sta-
ble even at the highest concentration.

3.3. Cell Viability Assay. Crystal violet staining is another
way to assess the percentage viability of cells after treatment.

The number of cells alive or adherent to the surface was esti-
mated by using crystal violet staining of HepG2 and
HEK293T cells as shown in Figure 3.

Effects of ethanolic and hexane extracts of C. lindenii on
HepG2 cells with different concentrations starting from 10-
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Figure 1: Graphical representation: In vitro assessment of ethanolic and hexane extracts of C. lindenii on HepG2 and HEK293T cell lines.
(a) MTT assay results showed a significantly increased mortality rate of HepG2 cells after treatment with higher concentrations at 72 h. (b)
HEK293T being a normal cell line revealed less toxicity of ethanolic extract only at the highest concentrations (400, 200 μg/mL) as compared
to hexane extract. (c) Hexane concentration on HepG2 cells showed less effect. (d) HEK293T cell line revealed less or no activity of hexane
extract. Cisplatin was used as positive control and showed more negative effects against normal cell line, however, DMSO was taken as a
negative control. ∗p˂0:05, ∗∗p˂0:001, and ∗∗∗p˂0:0001 referred as statistically significant. Error bars showed error or standard deviation
as mean ± SD of each group. MTT: 3-(4, 5-dimethylthiazol-2yl)-2, 5-biphenyl tetrazolium bromide; DMSO: dimethyl sulfoxide; SD:
standard deviation.
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400μg/mL showed different responses. Ethanolic concentra-
tions showed a dose-depended decrease in percentage viabil-
ity. HepG2 cells were exposed to ethanolic concentrations at
10, 50, 100, 200, and 400μg/mL found to be more toxic by
measuring the absorbance at 570 nm. Staining facilitates
the visualization of cell morphology by giving 100% of via-
bility. Measurements were recorded as 78%, 67%, 50%,
37%, and 28% when treated with ethanolic concentrations
exhibited a statistically significant decrease in HepG2 cells
in comparison with negative control (99.5%). At higher con-
centrations of 200 and 400μg/mL, cell viability decreased to
37% and 28%, respectively. However, the viability assess-
ment in healthy (HEK293T) cells were observed to be 95%,
90%, 88%, 76%, and 61% of ethanolic extract and 99% of
DMSO. Upon treatment with hexane extracts showed 88%,
80%, 69%, 59%, 50% and 97% of DMSO cell viability. On
the other hand, the nontumor HEK293T cells exhibited neg-
ligible effects on cell inhibition at 72 h with all concentra-
tions of hexane extract. The observed cell viability of
HEK293 treated cells was 97%, 95%, 88%, 75%, and 62%,

and DMSO was 99.48%. Cisplatin concentration (10μg/
mL) was administered to both cancer and healthy cells for
the comparison of chemotherapeutic and natural antioxi-
dants containing plant extracts. Percentage cell viability on
HepG2 cells was 42%, while HEK293T exhibited 45%
(Figure 3). R2 represents the coefficient of determination.
Higher R-squared values demonstrate smaller differences
between observed data and fitted values. Our results revealed
a significant positive correlation (R2 = 0:9578, 0.9992,
0.9903, and 0.9885, p value<0.05) for both C. lindenii
extracts.

3.4. Morphological Observation of Hexane Concentrations.
The morphological observation showed the effect of hexane
extract of C. lindenii on both HepG2 and HEK293T cells in
Figure 4. In vitro treatment of hexane extract on HepG2 cells
demonstrated mild alteration in cell morphology at all con-
centrations except the higher concentrations (200 and
400μg/mL). Cells treated with high concentrations of 200
and 400μg/mL became degraded and shrunken, while the

UT DMSO

10 𝜇g/mL 50 𝜇g/mL

100 𝜇g/mL 200 𝜇g/mL

400 𝜇g/mL Cisplatin 10 𝜇g

(a)

UT DMSO

10 𝜇g/mL 50 𝜇g/mL

100 𝜇g/mL 200 𝜇g/mL

400 𝜇g/mL Cisplatin 10 𝜇g

(b)

Figure 2: Morphological representation of HepG2 cells following the exposure of increasing concentrations of ethanolic extract of C.
lindenii at 72 h observed by Floid cell imaging station. Changes in the morphology of hepatocellular carcinoma (HepG2) cells are very
obvious when exposed to ethanolic concentrations. (a) The concentration of 50μg/mL and higher changed the normal morphology and
the cell adhesion capability to the surface as compared to the control. Higher cellular concentrations give the impression of clusters. The
lower concentration (10 μg/mL) did not show altered shape or reduced viability in HepG2 cells as observed by the MTT assay.
Application of cisplatin (positive control) changed the morphology of both cancerous and healthy cells round-shaped with less viability.
(b) The morphological features and cytotoxicity of C. lindenii on normal cells (HEK293T) did not show a negative effect even at the
highest concentration. However, the drug (cisplatin) response elaborated altered cellular morphology. MTT: 3-(4,5-dimethylthiazol-2yl)-
2,5-biphenyl tetrazolium bromide; DMSO: dimethyl sulfoxide.
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lower concentrations of 10, 50, and 100μg/mL did not show
satisfactory results. About 50% of cell reduction was calcu-
lated by percentage viability assay at 400μg/mL. The nontu-
mor HEK293T cells showed normal morphology at all
concentrations and did not show any sign of toxicity. Cis-
platin (positive control) applied on healthy as well as cancer
cells was observed with 45% and 42% of cell viability,
respectively.

4. Discussion

Modern technologies have underlined bioactive compounds
and their importance in the world of drug discovery. A
strong affiliation between flavonoids and anticancer activity
has been reported in many studies [17]. Numerous active
drugs are the byproduct of natural sources and are designed
by the summation of synthetic polymers to overcome the
burden of diseases [18]. Earlier researchers have demon-

strated the phytochemical composition, antiproliferative,
and antimicrobial potential of various Caladium species.
Numerous studies have reported the antiangiogenic activity
of methanolic extract of C. bicolor by inhibiting vascular
endothelial growth factor (VEGF) signaling, a glycoprotein
that promotes angiogenesis and vascular permeability. By
this means, certain properties displayed are observed for
the reduction of cancer growth and metastasis [19]. In Bra-
zil, C. lindenii was used for the treatment of stingray wounds
and other pathogenic infections. There is no pharmacologi-
cal or phytochemical research has been reported on C.
lindenii12.

Cell-based assays are used to determine the effect of
compounds on cell growth or to monitor cytotoxic effects
that ultimately lead to cell death. Despite prevailing circum-
stances of the cell-based assay, it is much more important to
understand the remaining population of cells at the end of
the reaction. MTT assay is the simplest and most effective
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Figure 3: The growth rate of cells was calculated by the crystal violet staining protocol. Optical density (OD) at 570 nm was measured and
plotted to obtain the percentage viability of untreated, treated, and control cells. In cell viability assay, a drug response is driven by cell
density. A trend-line slope showed the number of cells/well certified to be significant. (a) The calculated percentage elaborated a clear
dose-dependent decrease in HepG2 cells with significant R2 (coefficient of determination) values. (b) HEK293T plotted slope remained
constant with a slight fall and showed good viability. (c) Hexane extract showed 59% and 50% viability on HepG2 cells at higher (200
and 400μg/mL) concentrations. (d) Nontumor cells did not show the activity of hexane extract at any concentration. Statistical analysis
described as ∗p˂0:05, ∗∗p˂0:001, and ∗∗∗p˂0:0001. DMSO: Dimethyl sulfoxide; SD: standard deviation; CV: crystal violet; MTT: 3-(4, 5-
dimethylthiazol-2yl)-2, 5-biphenyl tetrazolium bromide.
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method developed by Mosmann for quantifying in vitro
chemo-sensitivity of applied drugs on human cancer cell
lines. The principle of MTT assay is determined by the tetra-
zolium salt reduced into formazan crystals by the action of
mitochondrial dehydrogenase enzyme that assists this func-
tion in living cells [20]. In this study, both extracts showed
remarkably significant antiproliferative effects on the HepG2
cancer cell line, however, any sign of toxicity has not been
observed in HEK293T cells. Calculated IC50 values for etha-
nolic and hexane extracts were assessed by MTT assay using
different concentrations, i.e., 10, 50, 100, 200, and 400μg/mL
showed that the ethanolic concentrations have high antipro-
liferative activity against HepG2 cells with IC50 = 31 μg/mL,
while HEK293T cells exhibited minimal cytotoxicity even at
the highest concentration with IC50 = 241 μg/mL. Hexane
extract showed less cytotoxic effects on HepG2 (IC50 = 150
μg/mL) and statistically insignificant effects were found on
normal human embryonic kidney cells with calculated IC
50 = 550 μg/mL (Figure 1). The present study also demon-
strated the sensitivity of liver cancer (HepG2) and normal
(HEK293T) cells against an apoptosis-inducing agent (cis-

platin). Cisplatin is an inorganic compound used for the
treatment of various malignancies including gastric, bladder,
and prostate cancer by inhibiting the DNA replication and
transcription events. The severe side effects of cisplatin as
an anticancer drug also triggered drug resistance and the ter-
mination of normal cell proliferation by damaging DNA
[21]. However, the potential organic extracts were more
effective against HepG2 cells as compared to HEK293T cells
with favorable IC50 values. In this study, cisplatin showed
an anticancer effect on HepG2 and an adverse effect on the
normal morphology of HEK293T cells when compared with
UT (untreated) and DMSO (negative control) (Figures 2, 4).
Cancer cells are categorized and recognized from normal
cells due to their high proliferative and colony-forming
potential. Drug discovery involves a complex mechanism
that demands the assessment of the cell viability of living
cells on cultured cancer and normal cells. Crystal violet is
the simple method to calculate the sustained cells with crys-
tal violet staining dye that binds to DNA and proteins. Dur-
ing the assay, the dead cells were detached from the surface
and vanished from the cell population. This practice

UT DMSO

10 𝜇g/mL 50 𝜇g/mL

100 𝜇g/mL 200 𝜇g/mL

400 𝜇g/mL Cisplatin 10 𝜇g

(a)

UT DMSO

10 𝜇g/mL 50 𝜇g/mL

100 𝜇g/mL 200 𝜇g/mL

400 𝜇g/mL Cisplatin 10 𝜇g

(b)

Figure 4: The morphological features showed the effect of hexane extract of C. lindenii on both HepG2 and HEK293T cells. (a) In vitro
treatment of hexane extract on HepG2 cells demonstrated mild alteration in cell morphology at all concentrations except the higher (200
and 400μg/mL) concentrations. The lower concentrations 10, 50, and 100 μg/mL did not show satisfactory results. Cells treated with
high concentrations became degraded and shrunken. 50% of cell reduction was calculated by percentage viability assay at 400μg/mL. (b)
The nontumor HEK293T cells showed normal morphology at all concentrations and did not reveal any sign of toxicity in comparison
with UT and DMSO (negative control). Cisplatin (10 μg/mL) was the positive control applied on healthy (HEK293T) as well as cancer
(HepG2) cells showed 45% and 42% of cell viability, respectively.
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describes a standard outline for the analysis of plant extracts
on cell survival and growth inhibition [22]. In this study, cell
viability was calculated using crystal violet staining of
HepG2 and HEK293T cells as described in Figure 3 and
Table 2 as mean ± SD. The cell population was measured
for two cell lines by obtaining optical densities and plotting
a curve and slope. It has been observed that drug response
is directly proportional to cell density in a time-dependent
manner. The decreased percentage signifies strong cytotox-
icity of plant extracts against hepatocellular carcinoma,
whereas an increased value showed less effect on dose con-
centration. The percentage viability of ethanolic concentra-
tions (10, 50, 100, 200, and 400μg/mL) decreases with the
increase in dose. The higher concentrations of 200 and
400μg/mL showed reduced percentage viability on calcula-
tion. While evaluating hexane extract, the cell viability dis-
played more viable cells indicating less cytotoxicity on
HepG2 cells, otherwise, HEK293T cells showed increased
cell viability with minimal or no effects. The microscopic
assessment revealed a clear dose-dependent decrease in cell
density and altered morphology of HepG2 cells with ethano-
lic and n-hexane extract concentrations.

5. Conclusion

The crude organic extracts of C. lindenii showed remarkable
cytotoxicity against the HepG2 cell line by inducing apopto-
sis and significantly reducing viability percentage and trans-
forming morphology in a dose-dependent manner. The
activity exhibited by ethanolic extract showed the most
favorable results for HepG2 cells as compared to hexane
extract. However, these extracts show minimal or no effects
on the healthy HEK293 cell line. These findings justify the
antiproliferative activity of C. lindenii that may be used for
the specific treatment of cancer after further validations.
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Staphylococcus aureus is emerging as a ubiquitous multidrug-resistant pathogen circulating among animals, humans, and their
environment. The current study focused on molecular epidemiology and evidence-based treatment against S. aureus from
bovine endometritis. For this study, n = 304 cattle were screened for endometritis using ultrasonography while presenting case
history, and clinical signs were also considered. S. aureus was isolated from endometritis-positive uterine samples which were
further put to molecular identification, phylogenetic analysis, susceptibility to antibiotics, and testing of novel drug
combinations in both in vitro and field trials. The findings of the study revealed 78.20% of bovine endometritis samples
positive for S. aureus, while nuc gene-based genotyping of S. aureus thermal nuclease (SA-1, SA-2, and SA-3) showed close
relatedness with S. aureus thermal nuclease of Bos taurus. Drug combinations showed 5.00 to 188.88% rise in zones of
inhibitions (ZOI) for drugs used in combination compared to the drugs used alone. Gentamicin in combination with
amoxicillin and enrofloxacin with metronidazol showed synergistic interactions in an in vitro trial. Co-amoxiclav with
gentamicin, gentamicin with enrofloxacin, and metronidazole with enrofloxacin showed 100%, 80%, and 60% efficacy in
treating clinical cases in field trials, respectively. As a result, the study came to the conclusion the higher prevalence of
endometritis-based S. aureus, genetic host shifts, narrow options for single drugs, and need for novel drug combinations to
treat clinical cases.

Hindawi
BioMed Research International
Volume 2022, Article ID 6240711, 14 pages
https://doi.org/10.1155/2022/6240711

https://orcid.org/0000-0003-3428-4155
https://orcid.org/0000-0001-7618-3948
https://orcid.org/0000-0003-4125-6806
https://orcid.org/0000-0002-7186-6608
https://orcid.org/0000-0001-7930-7782
https://orcid.org/0000-0002-7543-7245
https://orcid.org/0000-0003-2579-3038
https://orcid.org/0000-0001-5176-0403
https://orcid.org/0000-0002-6865-6220
https://orcid.org/0000-0001-9608-8032
https://orcid.org/0000-0002-8659-3331
https://orcid.org/0000-0002-9777-1084
https://orcid.org/0000-0003-3265-540X
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/6240711


RE
TR
AC
TE
D

1. Introduction

Endometritis is among the leading causes of morbidity in ani-
mals thus significantly compromising the farm economy [1,
2]. Reproductive manipulations around parturition are the
principal source of bacterial invasions, resulting in severe uter-
ine infections associated with huge economic losses
compromising herd health and production [1]. Economic
losses in terms of decreased reproductive efficiency, treatment
costs, premature culling, increased services per conception,
and pathogen transmission risks proclaim endometritis as
one of the prime challenges in the dairy industry [2, 3].
Inflammatory expressions of the endometrium depict the fate
of animals, as compromised fertility leads to premature culling
[4]. S. aureus transfers at an animal-human-environment
interface, thus making it a major threat to optimum reproduc-
tive efficiency in farm animals too [5–7]. Authentic diagnosis
of various strains demands genome analyses because conven-
tional microbiological methods are no longer enough [8]. It is
noted that among several major challenges to the dairy farm-
ing industry is the drug resistance which presents itself as an
invariably significant risk factor [9]. Resistance to commonly
used antibiotics in animal-originated S. aureus isolates poses
a threat to global public health [3, 10]. These strains com-
monly colonize mucosal surfaces and sustain their colonies
by producing biofilm [7]. Drug resistance, localization in epi-
thelium, longer attachment duration, bypassing immunity,
and enhancement of pathogenesis make S. aureus a specific
pathogen [11–13]. Some strains are also emerging as multi-
drug-resistant, even depicting reduced susceptibility to vanco-
mycin [14]. MRSA is a salient contagious pathogen which is
equally found in humans and animals [15]. According to the
literature, the prevalence of MRSA varies from 0.4 percent in
Hungary to 47.6 percent in China [16, 17].

To ensure optimum reproductive performance, it is neces-
sary to combat S. aureus-based endometritis in dairy animals.
Non-judicious exposure to antibiotics results in the develop-
ment of resistance to pathogens. Certain antibiotics can act as
antimicrobial signaling molecules, homeostatic modulators,
and induce the transcription of virulent genes at sublethal levels
[18]. Subminimal inhibitory concentration (sub-MIC) of drugs
is unable to kill resistant bacteria but leads to modification of
chemical and physical characteristics of the cell surface, adhe-
sionmechanisms, and expressions of some of the virulent genes
leading to biofilm formation, toxin production, motility, and 68
hydrophobicity [19, 20]. Approaches such as double antibiotic
combination therapy has been suggested for the treatment of
resistant S. aureus strains [21, 22]. Moreover, more efficacious
antimicrobials are being sought to reduce the use of unneces-
sarymedication. Thus, the hypothesis of the study reads “Staph-
ylococcus aureus endometritis is prevalent in dairy animals, host
shifts exist, and novel antibiotic combinations are effective
against multidrug-resistant S. aureus isolates.”

2. Materials and Methods

2.1. Ethics Statement. This study was approved by the Exper-
imental Animal Care and Use Committee of Guangxi Uni-
versity (No. GXU-2021-128 and dated 30-6-2020).

2.2. Tracking Endometritis Cases from Bovines. The study
was conducted in selected dairy farms of the district of Kha-
newal, Punjab, Pakistan (Figure 1). District Khanewal is
located at 71°55′0″E and 30°18′0″N with an altitude of 128
meters and a human population of 2.922 million. Clinical
reproductive complaints were defined as any kind of repro-
ductive problem, e.g., repeat breeding, abortion, misconcep-
tion, and signs associated with these issues. The inclusion
criteria for the current study were commercial dairy farms
having ≥50 lactating cattle/farm, farm accessibility, repro-
ductive complaints, and ultrasonographic findings. Supple-
mentary information included calving history, milk yield/
day, days in milk, parity, feeding regime, and treatment
approach. Random sampling was done to check for endome-
tritis in n = 304 cattle using ultrasonography (7.5MHz with
probe linear array transrectal; B mode) [23]. Endometritis
was defined as a swollen lumen partly filled with snowy
echogenic patches and black nonechogenic fluid [24, 25]. It
was found that if all rays were reflected after striking any
structure, the area looked whitish [26]. Clinical identification
of animals having endometritis through ultrasonography is
represented in Figure 2.

Aseptically, the uterine flushing was done by an artificial
insemination gun whereas the fluid was taken out and stored
by a syringe. The samples were shifted to the laboratory
(central diagnostic laboratory) of CUVAS, Bahawalpur,
Pakistan, in a container having 4°C temperature.

2.3. Isolation of Pathogenic S. aureus. The samples were put
to incubation in sterile nutrient broth overnight at 37°C to
retrieve the maximum yield of those bacteria which were
present in a low quantity. The incubated nutrient broth
was centrifuged, and the sediments were put to blood agar
for the same incubation [27]. The colonies obtained were
further put on Mannitol salt agar with the same incubation
and preceded further to several biochemical tests as per set
protocols [28].

2.4. Molecular Identification of Pathogenic S. aureus. Isolates
biochemically characterized were further put to genomic
analysis. PCR amplification was done with Nuc gene
(Figure 3). Primers were formulated using Primer-BLAST
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/) software
(Nuc forward 5′AAGGGCAATACGCAAAGAG3′ and
Nuc reverse 5′AAACATAAGCAACTTTAGCCAAG3′)
(figure reaction mixture consists of PCR 2X mastermix =
10 μL (Thermo Scientific Catalog #K0171), forward primer
= 1 μL (10 pmoL), reverse primer = 1 μL (10 pmoL), DNA
= 2 μL (50 ng/L), deionized water = 6 μL, and reaction
volume = 20 μL). The detailed protocol has been described
in Aziz et al. [7].

2.5. Sequence Analysis of the Local S. aureus Isolate. A phylo-
genetic analysis of nucleotides was carried out with MEGA X
software. Highly similar sequences acquired via Primer-
BLAST were combined in a phylogenetic analysis of nucleo-
tides of the Nuc gene in S. aureus. The phylogenetic tree was
made to find lengths of branches in similar units like those
of the evolutionary distances utilized to conclude the
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phylogenetic tree. Further, the maximum composite likeli-
hood method was applied to find distances in the evolution-
ary tree, and the similar was calculated in unit numbers of
substitutions of base pairs at each site. The rest of the proto-
col was done the same as described in the author’s previous
study (doi:10.3390/antibiotics10080997). Moreover, motifs
were found through the MEME (Multiple EM for Motif Elic-
itation) Suite and STRING was used to find the protein-
protein interaction.

2.6. Confirmation of Pathogenic Nature of Staphylococcus
aureus. Using the cefoxitin disc diffusion assay [29], methi-
cillin resistance in S. aureus was determined as per standards
provided in clinical and laboratory standard institute [30].
Antibiotic discs were placed on Mueller Hinton agar on
which S. aureus was already swabbed. Plates were incubated
for 24 hours while zones of inhibition were measured and
compared as per guidelines of the clinical and laboratory
standard institute [30].

2.7. Molecular Confirmation of Methicillin-Resistant
Staphylococcus aureus. The molecular confirmation of
methicillin resistant S. aureus was done by targeting the
mecA gene. DNA extraction was done by WizPrep™
gDNA Mini extraction kit. Amplification was done utiliz-

ing mecA forward P1: 59-TGGCATTCGTGTCACA
ATCG-39 and reverse primers P2: 59-CTGGAACTTGT
TGAGCAGAG-3′ with amplified product size 310 bp as
described by Shoaib et al. [31]. Further specification of
PCR was followed by previously established protocol for
identification of MRSA by targeting mecA in S. aureus.
Bands examined at a 310 bp level were taken into consid-
eration as positive (Figure 4).

2.8. Assessment of Antibiotic Resistance Profile of Methicillin-
Resistant Staphylococcus aureus. Using the disc diffusion
method, commonly used antibiotics were tested against
drug-resistant S. aureus isolates according to the guidelines
of clinical and laboratory standard institute [30]. The anti-
biotics tested were enrofloxacin (10μg), gentamicin
(10μg), linezolid (30μg), vancomycin (30μg),
trimethoprim-sulphamethoxazole (25μg), fusidic acid
(10μg), ciprofloxacin (5μg), chloramphenicol (30μg), and
levofloxacin (5μg). Antibiotics were aseptically placed on
Mueller Hinton agar having swabbed with S. aureus and
put to incubation for 24 hours at 37°C. The zone of
inhibition of each antibiotic was measured and compared
as per guidelines of the clinical laboratory and standard
institute [30].

S.aureus
Endometritis

N

S

EW

District boundary

(a)

S

EW

S.aureus
MRSA
District boundary

N

(b)

Figure 1: Tracking burden of (a) S. aureus from endometritis and (b) MRSA from different dairy farms (each circle is showing one dairy
farm). In the second map (b) there are 9 farms as one farm in the first map (a) did not show S. aureus.
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1 2 3 4 M

310

Figure 4: Molecular identification of methicillin-resistant S. aureus. M=marker leader 1000 bp, 1–9 wells were samples at 310 bp; positive
control = +ve; negative control =−ve.

M +VE

510BP

1 2 3 4 5 6 7 8

Figure 3: Molecular identification of S. aureus. M=marker 1000 bp; +VE= positive control wells 1–8 samples.

(a) (b)

(c)

Figure 2: Clinical identification of animals having endometritis through (a, b) ultrasonography and (c) abnormal secretions. (a)
EL = endometrial lining; E = endometritis in the form of swelling of the lining; PM=pus material; (b) EL = endometrial lining;
E = endometritis in the form of an inflamed wall; (c) red arrows point out pus material from uterine material.
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2.9. Synergy Testing of Novel Drug Combinations against
MRSA. To validate the synergism of novel drug combinations,
various drug combinations were tested using the agar and broth
dilutionmethods [32]. To conduct well diffusion assay, 6–8mm
diameter wells were made through good borer on Mueller Hin-
ton which was later swabbed with activated growth of bacteria
[32]. To evaluate the antibacterial potential of the antibiotics,
following drugs were used alone and in combination against
S. aureus: amoxicillin, oxytetracycline, gentamicin, streptomy-
cin, metronidazole, enrofloxacin, and co-amoxiclav. Zones
formed around antibiotics were measured post-incubation.
The checkerboard method was applied to find synergism

between different combinations of drugs using brothmicrodilu-
tion protocol. An activated growth of S. aureus adjusted at 1
– 1:5 × 105 CFU/mL was used in this trial. Optical density
was calculated at 570nm following incubation at 37°C/24 hours.
Fractional inhibitory concentration indices (FICI) were calcu-
lated as per the following formula. Experiment was executed
in triplicate [32].

Fractional inhibitory concentration index = FIC productA + FIC productB,

FIC of ProductB = MIC of ProductB in combinationwith ProductA
MIC of ProductB alone ,

FIC of ProductA = MIC of ProductA in combinationwith ProductB
MIC of ProductA alone :

ð1Þ

Table 2: Risk factors associated with methicillin-resistant S. aureus isolated from bovine endometritis.

Parameter Categories Total Positive % age p value

Calving history

Dystocia 81 18 22.22

0.879Abortion 4 1 25

Eutocia 48 9 18.75

Milk yield/day

10–20 38 8 21.05

0.956
21–30 56 12 21.42

31–40 26 6 23.07

41–50 13 2 15.38

Days in milk

1–100 86 19 22.09

0.919101–200 32 6 18.75

201–300 15 3 20

Parity
1–3 76 21 27.63

0.032
4–6 57 7 12.28

Feeding regime

Silage+concentrate 43 10 23.25

0.832Silage+hay+concentrate 56 12 21.42

Silage+concentrate+fresh fodder 34 6 17.64

Treatment approach
Single antibiotic 85 18 21.17

0.835
Combination 48 10 20.83

Table 1: The prevalence of Staphylococcus aureus and methicillin-resistant Staphylococcus aureus.

Farm
name

Prevalence of endometritis S. aureus (%) MRSA (%)
No. of
animals
screened

Endometritis
positive

Prevalence
Confidence
interval

S.
aureus
positive

S. aureus%
Confidence
interval

MRSA
positive

MRSA
Confidence
interval

(A) (B) B/A × 100ð Þ -95% (C) C/B × 100ð Þ -95% (D) D/C × 100ð Þ -95%

(A) 27 9 33.33 18.64-52.17 5 55.55 26.67-81.13 2 40 11.76–76.93

(B) 27 8 29.63 15.85–48.48 8 100 67.56–100 1 12.5 2.24–47.09

(C) 18 8 44.44 24.56–66.28 4 50 21.52–78.48 0 0 —

(D) 34 14 41.18 26.37–57.78 14 100 78.47–100 6 42.86 21.38–67.41

(E) 54 26 48.15 35.4–61.15 24 92.31 75.86–97.87 7 29.17 14.92–49.17

(F) 12 5 41.67 19.33–68.05 3 60 23.07–88.24 1 33.33 6.15–79.23

(G) 28 13 46.43 29.53–64.19 10 76.92 49.74–91.82 1 10 1.79–40.41

(H) 48 26 54.17 40.29–67.43 20 76.92 57.95–88.96 6 30 14.55–5.19

(I) 38 16 42.10 27.86–57.81 16 100 80.64–100 4 25 10.98–4.15

(J) 18 8 44.44 24.56–66.28 0 0 0.00–32.44 0 0 —

Total 304 133 43.75 104 78.20 28 26.92
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The fractional inhibitory concentration indices ðFICIÞ ≤ 0:5
were considered as synergistic, FICI > 0:5 but ≤1.0 as additive,
FICI > 1:0 but <4.0 as indifferent, and FICI > 4:0 considered
as antagonistic [33].

2.10. Field Trial to Treat Endometritis. Methicillin resistant S.
aureuspositive endometritis cases were included in a field
trial of drugs. Drugs selected for the trials were gentamicin,
oxytetracycline, co-amoxiclav, amoxicillin, streptomycin,
metronidazole, and enrofloxacin. The dosage regimen and
drug combinations were as follows (Supplementary
Table 1). The rate of success was calculated using the
following criteria: (i) ultrasonography determined normal
uterine walls, (ii) absence of bacterial load from vaginal/
uterine discharge, and/or (iii) successful conception [34,
35]. The first two points were considered necessary while
the third was kept optional because there might be other
reasons for no conception.

2.11. Statistical Analysis. A univariate analysis was applied to
the prevalence and antibiotic susceptibility [23]. An increase
of percentage (%) in inhibition zones as well as in fractional
inhibitory indices was computed by using formulae
described previously [32, 33]. Parametric tests (ANOVA
and t-tests) were applied for quantitative data. Tukey test

was applied as post hoc test, a succession to ANOVA, to
decide significant difference among groups at a 5% level of
probability. SPSS version 22 of statistical computer software
program was used for data analysis.

3. Results

3.1. Prevalence and Risk Factors Associated with S. aureus.
The study showed 78.20% of endometritis samples positive
for S. aureus, while 26.92% of these were MRSA (Table 1).
Calving history, milk yield, days in milk, treatment
approach, and feeding regimen were non-significant while
parity showed significant (p < 0:05) association (Table 2).

3.2. Sequencing of Staphylococcus aureus

3.2.1. Nucleotide Output. Nucleic acid alignment revealed
that reference sequence and local isolate S. aureus thermal
nuclease (SA-1, SA-2, and SA-3) sequences were found
99.8% identical (Supplementary Figure 1).

3.2.2. Phylogenetic Analysis. According to constructed phy-
logenetic tree of S. aureus thermal nuclease, it was found that
local isolate (SA-1, SA-2, and SA-3) gene sequence was
closely linked to the S. aureus thermal nuclease of Bos taurus
and from other bovine milk (Figure 5).

56 Sequence 2

Sequence 3

Sequence 1 (2)

CP028189.1. Staphylococcus aureus. Bos Taurus

CP020713.1. Staphylococcus aureus. Bovine milk

CP051484.1. Staphylococcus aureus. Homo sapiens (urine)

CP051165.1. Staphylococcus aureus. Homo sapiens (vaginal)

CP016398.1. Staphylococcus aureus. Pork (South Korea)

CP030550.1. Staphylococcus aureus. Homo sapiens (blood)

CP022607.1. Staphylococcus aureus. Homo sapiens (stool)

CP021353.1. Staphylococcus aureus. International Space Station Surface

CP010998.1. Staphylococcus aureus. Homo sapiens (sputum)

CP075509.1. Staphylococcus aureus. Food

CP071100.1. Staphylococcus aureus. Homo sapiens (isolated from contaminated platelets)

CP065857.1. Staphylococcus aureus. Homo sapiens (wound swab)

EF529599.1. Staphylococcus aureus. Bos taurus

CP071942.1. Staphylococcus aureus. Homo sapiens (tissue)

CPO41037.1. Staphylococcus aureus. Homo sapiens (Pus aspirate)

CP021351.1. Staphylococcus aureus. Internatonal Space Station Surface: Columbus Module.

CP021350.1. Staphylococcus aureus. International Space Station Air

CP016856.2. Staphylococcus aureus. Homo sapiens (nose from military trainee)

CP015645.1. Staphylococcus aureus. Homo sapiens (wound)

CPO42081.1. Staphylococcus aureus. Retail pork

CP039759.1. Staphylococcus aureus. Pig skin.

CP031839.1. Staphylococcus aureus. Swine (nasal swab)

CP020714.1. Staphylococcus aureus. Buffalo milk

CP077755.1. Staphylococcus aureus. Bioaerosol of a chicken farm

57

63

70

65

100

93

93

93

93

97

97

97
97

Figure 5: Phylogenetic tree of S. aureus Nuc gene (nucleotide sequences). An analysis has been performed among different source samples
of S. aureus Nuc gene from different countries with our isolated sequenced samples. The branch length (numbers) is representing the
nucleotide substitutions per 100 nucleotide sites.
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(a)

(b)

Name Motif locations

Motif consensus

1 1.59e-172

1.59e-172

1.59e-172

1.59e-172

2

2.
3.

1.

3

Reference

Motif Symbol

p-value

(c)

(d)

Figure 6: (a) Protein structure (exonic region) of S. aureus. (b) Alignment of S. aureus thermal nuclease protein (S. aureus-1, S. aureus-2, S.
aureus-3, and reference sequence). (c) Protein motifs of S. aureus. (d) Protein-protein interaction of S. aureus protein (S. aureus-1 protein, S.
aureus-2 protein, and S. aureus-3 protein).
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3.2.3. Assessment of Motif and Structure of Gene. The nucleic
acid motif of the reference sequence and all local isolates was
found 1.13e-126. The differences in motifs were shown in
different colors (Supplementary Figure 2). It was found
that the coding region was only associated with nucleotide
structure (Supplementary Figure 3). Protein motif of
reference sequence and all local isolates was found 1.59e
-172 (Figure 6(a)). Protein structure of reference protein
and local isolate (SA-1, SA-2, and SA-3) proteins was
found identical (Figure 6(b)). Protein motif p value of
reference sequence and all local isolates was found
(Figure 6(c)). Protein-protein interaction (Figure 6(d)) was
noted in SA-1, SA-2, and SA-3 proteins. Conserved
domain of the Staphylococcal nuclease was found in
reference, Sample-1, Sample-2, and Sample-3 protein
sequences (Supplementary Table 2).

3.3. Antibiogram against MRSA. An antibiogram of tested
isolates showed trimethoprim-sulphamethoxazole and cip-
rofloxacin as highly effective antibiotics, while fusidic acid
remained the least effective. The susceptibility profile of S.
aureus against different antibiotics with “increasing number
of resistant isolates” was observed as follows: trimethoprim-
sulphamethoxazole > ciprofloxacin ≥ enrofloxacin ≥
chloramphenicol > gentamicin > levofloxacin > linezolid>
vancomycin> fusidic acid (Figure 7). The antibacterial activ-
ity of different antibiotics represented by ZOIs can be seen in
Supplementary Figure 4(i).

3.4. In Vitro Drug Synergy Testing

3.4.1. Zone of Inhibition Expressed by Tested Drugs. The
study revealed that metronidazole+gentamicin when com-
pared with other drugs showed a significant difference
(p < 0:05) of ZOIs (Table 3, Supplementary Figure 4ii).
Drug combination analysis of well diffusion zones showed

that there was a maximum increase in inhibitory zone for
the combination of oxytetracycline with streptomycin
when compared to oxytetracycline alone. The highest
combination of drugs favored oxytetracycline in that there
was more than a 100% increase in its ZOIs when
combined with other drugs. Amoxicillin and enrofloxacin
gave greater percentage increase when combined with
gentamicin and chloramphenicol, respectively.

3.4.2. Fractional Inhibitory Concentration Indices. The min-
imum inhibitory concentrations of all tested drugs varied
significantly from each other. The lowest MIC was noted
in the case of enrofloxacin which was followed by gentami-
cin, co-amoxiclav, amoxicillin, oxytetracycline, streptomy-
cin, and metronidazole. Synergy testing of all the tested
drug combinations against MRSA isolates showed synergis-
tic behavior of amoxicillin+gentamicin and metronidazole
+enrofloxacin, while antagonism was observed in oxytetra-
cycline+amoxicillin and co-amoxiclav+oxytetracycline. An
additive effect was found when amoxicillin was combined
with enrofloxacin and streptomycin; co-amoxiclav with
enrofloxacin and gentamicin; and enrofloxacin with genta-
micin. All other remaining combinations remained indiffer-
ent (Table 4).

3.5. Field Trial Outcomes. The study noted the highest per-
centage recovery in case of co-amoxiclav+gentamicin, oxy-
tetracycline alone, gentamicin+enrofloxacin, gentamicin
alone, and metronidazole+enrofloxacin combinations pre-
senting 100%, 100%, 80%, 80%, and 60% success rate,
respectively. The uterine wall exhibiting normalization is
shown in Figure 8. Amoxicillin+gentamicin, amoxicillin
+streptomycin, and metronidazole+amoxicillin, on the other
hand, showed success rates of 30%, 20%, and 10% against
MRSA, respectively.
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FA 10 ug Enro 10 ug Cip5 ug 0 TS 25 ug Levo 5 ug Chlor 30 ug Vanc30 ug Gent10 ug Line 30 ug
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Intermediate %
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Resist
In

Figure 7: Antibiogram of S. aureus isolates. FA= fusidic acid; Enro = enrofloxacin; Cip = ciprofloxacin; TS = trimethoprim-
sulphamethoxazole; Levo = levofloxacin; Chlor = chloramphenicol; Van = vancomycin; Gent = gentamicin; Line = linezolid.
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Table 3: Comparison of zones of inhibition against methicillin-resistant Staphylococcus aureus isolates using the well diffusion method for
antimicrobial drugs alone and/or in combination.

Drugs Patterns used (alone/combination) Mean± Std. (mm) % variation [(combination-alone)/(alone×100)] p value

Co-amoxiclav

Alone 15 ± 1:414

0.299

C+E 12:5 ± 4:949 -16.67

C+M 11:5 ± 0:707 -23.33

C+G 10:5 ± 2:121 -30

C+O 9:5 ± 0:707 -36.67

C+A 10:5 ± 2:121 -30

C+S 9:0 ± 1:414 -40

Enrofloxacin

Alone 6:0 ± 0

0.082

E+M 5:5 ± 0:707 -8.33

E+G 4:5 ± 0:707 -25

E+O 7:5 ± 0:707 25

C+E 12:5 ± 4:949 108.33

E+A 10:0 ± 2:828 66.66

E+S 9:0 ± 1:414 33.33

Metronidazole

Alone 6:0 ± 1:414

0.025

M+G 8:5 ± 0:707 41.67

M+O 8:5 ± 0:707 41.67

C+M 11:5 ± 0:707 91.67

E+M 5:5 ± 0:707 -8.33

M+A 8:0 ± 1:414 33.33

M+S 7:5 ± 2:121 25

Oxytetracycline

Alone 4:5 ± 0:707

0.093

C+O 9:5 ± 0:707 111.11

M+O 8:5 ± 0:707 88.89

E+O 7:5 ± 0:707 66.67

G+O 9:5 ± 0:707 111.11

O+A 10:5 ± 3:535 133.33

O+S 13:0 ± 4:242 188.88

Gentamicin

Alone 10 ± 2:828

0.034

G+O 9:5 ± 0:707 -5

C+G 10:5 ± 2:121 5

E+G 4:5 ± 0:707 -55

M+G 8:5 ± 0:707 -15

G+A 16:0 ± 2:828 60

G+S 13:0 ± 4:242 30

Amoxicillin

Alone 7:5 ± 2:121

0.199

A+S 13:5 ± 4:949 80

C+A 10:52 ± 2:12 40.27

M+A 8:0 ± 1:414 6.67

O+A 10:5 ± 3:535 40

E+A 10:0 ± 2:828 33.33

G+A 16:0 ± 2:828 113.33
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4. Discussion

The prevalence of S. aureus in this study was in line with previ-
ous studies in that aborted cattle revealed 17.2% endometritis
and 88.3% S. aureus [36]. Different studies have also found that
the number of people with MRSA seems to be lower (16.7% in
Germany, 13.1% in India, and 4% in the USA), and the low
expression of the mecA gene could be the cause of the varying
outcomes for MRSA. The risk factors’ association in our study
was in agreement with results of a previous study [37]. Favor-
able climatic conditions and the presence of predisposing risk
factors trigger the process of acquired resistance.

After the confirmation of phenotypical methods, the
genomic confirmation of S. aureus with PCR is a reliable tool
for the identification of species [8]. Other scientists also used
the nuc gene to identify S. aureus [38, 39]. The MEME Suite
web server is used for sequence analysis that provides infor-
mation on protein interaction domains and DNA binding
sites [40]. Gene structure servers provide gene images that
describe gene structure and features. These, in turn, are
required to further investigate evolution and functional attri-
butes [41]. Different softwares are used for the identification
of structural similarities that to some extent can be used to
find functional attributes [42].

Table 3: Continued.

Drugs Patterns used (alone/combination) Mean± Std. (mm) % variation [(combination-alone)/(alone×100)] p value

Streptomycin

Alone 9:5 ± 0:707

0.402

A+S 13:5 ± 4:949 42.10

C+S 9:0 ± 1:414 -5.26

M+S 7:5 ± 2:121 -21.05

O+S 13:0 ± 4:242 36.84

E+S 9:0 ± 1:414 -5.26

G+S 13:0 ± 4:242 36.84

M=metronidazole; O = oxytetracycline; A = amoxicillin; S = streptomycin; G = gentamicin; C=co-amoxiclav; E = enrofloxacin.

Table 4: Synergy testing of drugs against methicillin-resistant Staphylococcus aureus.

Combinations MIC AB MIC A FIC A MIC BA MIC B FIC B FICI Results

amoxi+co-amoxiclav 5.86 11.72 0.5 1.95 5.86 0.33 0.83 Additive

amoxi+metro 15.62 11.72 1.33 250 375 0.67 2 Indifferent

amoxi+enro 4.56 11.72 0.39 0.98 1.95 0.5 0.89 Additive

amoxi+strepto 3.91 11.72 0.33 7.81 15.62 0.5 0.83 Additive

amoxi+genta 2.93 11.72 0.25 0.98 3.91 0.25 0.5 Synergistic

amoxi+oxy 23.44 11.72 2 31.25 15.62 2 4 Antagonistic

co-amoxiclav+metro 4.56 5.86 0.78 125 375 0.33 1.11 Indifferent

co-amoxiclav+enro 2.93 5.86 0.5 0.49 1.95 0.25 0.75 Additive

co-amoxiclav+strepto 3.91 5.86 0.67 7.81 15.62 0.5 1.17 Indifferent

co-amoxiclav+genta 2.93 5.86 0.5 1.95 3.91 0.5 1 Additive

co-amoxiclav+oxy 15.62 5.86 2.67 62.5 15.62 4 6.67 Antagonistic

metro+enro 31.25 375 0.08 0.49 1.95 0.25 0.33 Synergistic

metro+strepto 125 375 0.33 15.62 15.62 1 1.33 Indifferent

metro+genta 187.5 375 0.5 1.95 3.91 0.5 1 Indifferent

metro+oxy 500 375 1.33 62.5 15.62 4 5.33 Antagonistic

enro+strepto 3.91 1.95 2 7.81 15.62 0.5 2.5 Indifferent

enro+genta 0.49 1.95 0.25 1.95 3.91 0.5 0.75 Additive

enro+oxy 7.81 1.95 4 7.81 15.62 0.5 4.5 Antagonistic

strepto+genta 5.86 15.62 0.37 4.56 3.91 1.17 1.55 Indifferent

strepto+oxy 20.51 15.62 1.31 18.23 15.62 1.17 2.48 Indifferent

genta+oxy 7.81 3.91 2 20.51 15.62 1.31 3.31 Indifferent

co-amoxiclav = co-amoxiclav; enro = enrofloxacin; metro =metronidazole; genta = gentamicin; oxy = oxytetracycline; amoxi = amoxicillin;
strepto = streptomycin.

10 BioMed Research International



RE
TR
AC
TE
D

The vancomycin resistance reported in the present study
resemble with the previous studies. This may be because of
acquired resistance, as reported in the methicillin case [43].
Vancomycin resistance in S. aureus may also be because of
acquired transposon Tn1546, via vancomycin-resistant
Enterococcus faecalis, resulting from variations in the structure
of the cell wall and cellular metabolism of isolates [44]. The
study showed downward receptivity trends to enhanced peni-
cillin that could be because of genetic variation in penicillin-
binding proteins. Mutation in penicillin-binding proteins is
proposed to change the capacity of antibiotics to the receptor
proteins, resulting in an increasing MIC of penicillin group
[29–31] and thus supports the findings of the current study.
A similar pattern of MIC for commonly used drugs was
reported in previous studies [45–48] against animal and
human associated S. aureus. Sanganyado and Gwenzi [49]
found that tet (A, B, C, G, O) and tet (W) genes which code
for tetracycline resistance may be linked to higher MIC values
for oxytetracycline. Streptomycin's MIC in the current study
was in line with results reported by Zhang et al. [50], which
showed that microbes have acquired resistant genes against
streptomycin resulting in higherMIC values. Studies that eval-
uated milk samples have shown that S. aureus is resistant to
multiple antibiotics in the same way [51].

Drug combination therapy for the treatment of MRSA
infections is highly regarded in literature to avoid further
resistance and to immediately clear the infection. Previous
studies [32, 33, 52] found antimicrobial resistance to be tack-
led by combination of antibiotics with non-steroidal anti-
inflammatory drugs. Similarly, plant extracts [53, 54] and
nanoparticles [55, 56] were well documented with promising
antimicrobial results. Changes in the results of the response

to the drugs tested in vivo and in vitro agreed with previous
studies [57–60]. The differences in the results could be
attributed to binding pathways at cellular level, temperature
changes, the effect of cellular matrix on drug activity [57],
response of the immune system, enzymatic degradation
[59], and pharmacokinetic and pharmacodynamic specifica-
tions of the living being [58]. These associated attributes
make it hard to get reproducibility and similarity in results
[61]. Rise in antimicrobial resistance with respect to novel
strains like vancomycin resistant S. aureus [62] and presence
of MRSAs not only in dairy udder [63] but also in compan-
ion livestock e.g poultry [64, 65] adds additional burden to
the economy and health of animals as well as public.

5. Conclusion

The study confers hiked percentages of S. aureus in endome-
tritis and found a clue of pathogen transfer from other ani-
mals. In vitro drug combinations showed many folds of
antibacterial activity with very limited antagonism. In the
field trials, novel drug combinations provided a wider range
of treatment options which encouraged the use of evidence-
based therapeutics instead of conventional treatment. It is
therefore suggested that molecular epidemiology and
evidence-based drug combinations should be regularly
observed to culminate drug resistance and to save one’s
health.
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Figure 8: Parameters of successful treatment and post treatment successful pregnancy: (a) normal endometrial lining (EL), (b) normal
uterine secretions—clear string formed without any pus material, and (c) pregnancy established in animals as evident by developing.
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There is significant difference in milk production of highland and coastal regions in Indonesia of which the latter is critically low.
The recent studies indicate a possibility of improving the milk yield and quality by manipulating the gut microbiota, for which
profiling and abundance of gut microbiota in these divergent regions need to be addressed. The present study was the first of
its kind to explore the dairy cattle gut microbiota diversity, abundance, and functional annotation of the two divergent
Indonesian regions, the highland and coastal regions, by shotgun metagenomic approach. Unfavorable environmental
conditions such as type of forage grass in coastal regions and high temperature remain a limiting factor; however, the
improvement through manipulating the gut microbiota was not considered until recently to improve the quality and quantity
of coastal region dairy cattle. The application of recent advance technologies can help achieve this goal on sustainable basis.
The results show Bacteroidetes in higher abundance in coastal region (FPP) than in highland (Salatiga) while Firmicutes were
higher in Salatiga. Furthermore, a collective physiology of the community was found by annotating the sequences against
KEGG, eggNOG, and CAZy databases. To identify the role in pathways, an mPATH analysis was performed to have insight
into the microbiota community in different metabolic pathways. The identified targets can be used as prebiotic and/or
probiotic to improve the average milk yield of coastal region dairy cattle by manipulating the dairy feed with desired microbes.

1. Introduction

Indonesian dairy industry production remains at 1,800
tonnes of milk a day in 2022 which only provides 5% of
the country demand [1]. The average daily production by
local farmers in Indonesia ranges from 4 to 6 litters a day
while the Holstein cow production varies 16-20 litters a
day which is much lower than its potential [2]. However, it
was observed that highland dairy cattle produced 45 litters
of milk on average in comparison to coastal region dairy
cows.

The gut microbiota of cow and its abundance are associ-
ated with a wide range of activities and functions such as fer-
mentation of feed, fatty acid formation, methane production,

nitrogen emissions, and cellulose digestion [3]. The cow’s
rumen houses ancestrally diverse community of anaerobic
bacteria, viruses, ciliated protozoa, fungi, and methanogenic
archaea. These microbiota are capable of degrading indigest-
ible plant fibre of the host [4, 5]. The rumen microbiome is
critical for the host animal’s nutrition, by providing essential
nutrients by fermentation of feed, which on ruminant growth
in number of ways. The ruminants especially dairy cows are
dependendent on the microbial metabolites for the produc-
tion of economically important products such as milk.

The most convoluted microbial communities which
inhabit the rumen have triggered the microbiologists’ curios-
ity. Physiologists and nutritionists are also aware of the
rumen’s critical role in the digestion of fibrous feed and

Hindawi
BioMed Research International
Volume 2022, Article ID 3659052, 8 pages
https://doi.org/10.1155/2022/3659052

https://orcid.org/0000-0001-6327-3944
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/3659052


RE
TR
AC
TE
D

RE
TR
AC
TE
D

the provision of the host animals’ nutritional requirements.
They enable the ruminants to provide food to people [6].
Furthermore, as previously demonstrated by a relationship
between microbiome components and residual feed intake,
the composition of these various types of microbes influ-
ences the productive efficiency [7, 8].

The composition of the rumen microbiota has been
widely studied previously across various regions of the globe
for various reasons [9]. Microbes work alongside the host to
provide them with their metabolic products [10]. Ciliate
protozoa account for 50% of microbial community of the
cow gut [11]. The protozoa also vary greatly in ruminants
in terms of abundance or diversity, but their presence or
absence is not greatly impactful to the host as a great amount
of their products can also be synthesized by other groups of
the gut microbiota [9, 12].

Anaerobic fungi break down plant’s toughest structure
for efficient usage of feed [13]. In CH4, the Archaea are

important contributors [14, 15]. Several studies have been
done on dairy cow’s gut microbiota for their roles in var-
ious pathways and metabolic activities [16–19], where
recently heritable component of the gut microbiota are
reported [20]. Microbiota are composed mainly of bacte-
rial families along with Archaea and fungi, each of them
working to produce various important compounds for
the host [21, 22]. It is also extensively studied that the
type and colony size of these microbiota are effected by
factors such as temperature, pH, feed, water quality, age,
genetics, region, and health [23–25].

Several factors including age, diet, genetics, and feed effi-
ciency and environmental stimuli affect the rumen microbi-
ota composition which directly influence the productivity of
host [26]. The present study was an effort to explore the fecal
gut microbiota of the highland and coastal region dairy cat-
tle in Indonesia to explore its abundance and to figure out
the potential prebiotic and probiotic candidates to enhance

0
0

2500

Fr
eq

ue
nc

y 
(#

) Percentage (%
)

5000

7500

10000

12500

15000

17500

500 1000 1500 2000
Scaftig length (bp)

FPP length distribution

2500 3000
0

5

10

15

20

Frequency (#)
Percentage (%)

(a)

0
0

2500

Fr
eq

ue
nc

y 
(#

) Percentage (%
)

5000

7500

10000

12500

15000

20000

17500

500 1000 1500 2000
Scaftig length (bp)

Salatiga length distribution

2500 3000
0

5

10

15

20

Frequency (#)
Percentage (%)

(b)

0
0

250

Fr
eq

ue
nc

y 
(#

) Percentage (%
)500

750

1000

1250

1500

500 1000 1500 2000
Scaftig length (bp)

Frequency (#)
Percentage (%)

NOVO_MIX length distribution

2500 3000
0

10

20

30

(c)

Figure 1: Length distribution of scaftigs of different samples. The distribution of scaftigs length is calculated and plotted in each sample;
frequency(#) is shown at the longitudinal axis; the number of scaftigs and the percentage of scaftigs number percentage (%) are
represented in yellow curve. The scaftigs length is shown horizontally. (a) Sample coastal region (FPP). (b) Sample highland region
(Salatiga). (c) NOVO-MIX.
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quantity and quality of the coastal region dairy cattle in
Indonesia.

2. Material and Methods

2.1. Farm and Animal Selection. The well managed farms
which keep the organized record of dairy cattle in highland
and coastal areas of Indonesia were selected for the study.
The fecal samples of healthy cows were collected in DNA/
RNA shield tubes. The DNA/RNA shield tubes were brought
back to laboratory for further processing. DNA was
extracted from the fecal samples utilizing 1 gram of the col-
lected sample [27]. The quality test for the extracted DNA
sample was performed before constructing libraries for the
samples.

For library construction, genomic DNA was sheared
randomly into short fragments. The fragments obtained
were A-tailed and end repaired and then ligated to Illumina
adapter. The adapter-ligated fragments were amplified using
PCR, selected for size, and then purified. Qubit was used to
check library for quantification by real-time PCR, and the
bioanalyzer was used to detect size distribution. The libraries
that were quantified were pooled, and Illumina platforms
were used to sequence, as per the requirements of the effec-
tive library concentration and the amount of data required.

2.2. Bioinformatic Analysis. The certain percentage of low-
quality data reads obtained in raw data after sequencing
was host filtered to establish the accuracy and reliability of
the subsequent information analysis to obtain effective data
termed as clean data; clean data was used to assemble meta-
genome after quality control of each sample, and mixed
assembly was made from unutilized reads to explore the
information regarding low abundant species from each sam-

ple. MetaGeneMark was used for the gene prediction utiliz-
ing scaftigs which were assembled by single and mixed
samples. Gene catalogue was constructed by pooling the pre-
dicted genes for dereplication. The abundance information
of each sample was obtained from the gene catalogue. Meta-
genomic reads were compared to NR database, i.e., the data-
base of taxonomically informative gene families for
annotation of each metagenomic homolog. Gene abundance
table was obtained from the abundance tables of different
taxonomic ranks. The coding sequence function was
obtained from its similarity to sequences in three databases,
i.e., KEGG, eggNOG, and CAZy. Doing this for all metage-
nomic sequences, we produced a profile of distinct types of
functions and their relative abundance in the studied
metagenome.

3. Results and Discussion

The next generation sequencing (NGS) was used to obtain
the sequencing reads from metagenomic DNA isolated from
fecal samples of coastal region (FPP) and highland (Salatiga)
dairy cattle. The sequencing was done on NovoSeq6000. The
sample coastal region (FPP) and highland (Salatiga) pro-
duced 7.15GB and 7.33GB of raw base data, respectively.
The clean bases for coastal region (FPP) and highland (Sal-
atiga) were 7.14GB and 7.33GB of raw bases, respectively.
The data with less than 0.001 sequencing error rate in coastal
region (FPP) and highland (Salatiga), i.e., Clean_Q30, were
94.72% and 94.02%,, respectively. In all the assembled
results, all scaftigs were counted and the distribution of scaf-
tigs length in each sample. A mixed assembly was conducted
on the reads that were unutilized keeping the same assemble
parameter. The results are presented in Figure 1.
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Figure 2: Relative abundance in phylum and genus level in highland (Salatiga) and coastal regions (FPP): (a) phylum level; (b) genus level.
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3.1. Taxonomic Analysis of Highland and Coastal Region
Dairy Cattle. The question of communities’ similarity needs
to be ascertained by identifying reads that serves as the
marker gene homologs to a taxonomically informative gene

families by phylogenetic and sequence similarity to NR data-
base [28] and to annotate taxonomically each metagenomic
homolog (MEGAN [29]). Several analyses were performed
according to abundance table at each taxonomic level.
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Figure 3: Relative abundance of each database. (a) KEGG unique gene level 1. (b) eggNOG unique gene level 1. (c) CAZy unique gene level
1. Summarized chart for the gene number annotated by every database: (d) KEGG pathway annotation; (e) eggNOG database; (f) CAZy
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3.2. Relative Abundance of Bacteria in Highland (Salatiga)
and Coastal (FPP) Farms. As reviewed earlier, the milk yield
in coastal regions is critically low. To identify the reasons
behind this low milk yield, we compare the gut microbiota
of highland to coastal region dairy cattle. We found that
Bacteroidetes were at higher abundance, i.e., 52% in coastal
region to that of 37% in highland. Bacteroidetes is a phyla
that is mostly producing metabolites that are responsible

for hormones that causes satiety and weight loss [30, 31].
As we observed, the dysbiosis of Bacteroidetes in coastal
region indicates that it might be one of the reasons for lower
milk yield in coastal region.

Furthermore, the data indicate that the Prevotella sp.
MGM2 was highly abundant in coastal region, i.e., 19% to
2% in highland region. It has been identified that Prevotella
sp. MGM2 is involved in enhancing Treg cells which is an
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indication of poor health of host [32]. The Prevotella sp.
CAG:891 shows 11% in coastal region and 3% in highland
region. Prevotella sp. CAG:891 is responsible producing L-
pipecolic acid of which higher concentrations are associated
with metabolic disorders [33].

It is noteworthy that the abundance of Prevotella sp.
CAG:485 shows lower abundance, i.e., 0.6% in coastal region
to that of 5% in highland region. Prevotella sp. CAG:485
produces metabolite grpE which participates in active
response to hyperosmotic pressure and heat stress [34]. It
prevents the accumulation of unfolded proteins in the cyto-
plasm and hence provide protection against death. The
lower abundance in coastal region (FPP) is indicating the
lesser ability coastal dairy cattle of lesser ability to resist heat
and higher temperature which negatively affects milk yield
and quality (Figure 2).

3.3. Functional Annotation of Coastal and Highland Dairy
Cattle Fecal Gut Microbiota. The identified unigene func-
tional annotation was performed against the CAZy [35],
eggNOG [36], and KEGG [37] databases, and the results
obtained are shown in Figures 3(a)–3(c). We observed that
coastal region (FPP) dairy cattle showed statistically signifi-
cant higher number of pathway genes for metabolism, envi-
ronmental information processing, cellular processes, and
genetic information processing. Scientifically, dairy cattle
shows that higher metabolic rate produces lower quantity
of milk.

The eggNOG database revealed several pathway genes
related to metabolism including nucleotide transport and
metabolism, amino acid transport and metabolism, coen-
zyme transport and metabolism, carbohydrate transport
and metabolism, inorganic ion transport and metabolism,
and lipid transport and metabolism (Figure 3(c)). The signif-
icant unigene number involved with metabolism is 2163,
cellular processes is 210, and environmental information
processing is 188 as shown in Figure 3(d). The CAZy data-
base shows a large number of glycoside hydrolases and gly-
cosyl hydrolases (Figure 3(b)).

3.4. Metabolic Pathway. To further elaborate metabolic
pathways among samples, we apply mPATH analysis. We
created a web version pathway report which demonstrates
variances of pathway patterns. We obtained shared and
unique pathway information.

We identified that genes involved in uric acid cycle that
may cause citrullinemia; i.e., disturbance in urea cycle was
found to be unique for its expression in coastal region
(FPP) dairy cattle. Figure 4 shows the shared and unique
pathway information for 2-oxycarboxylic acid metabolism.
The data suggests if the dysbiosis in the gut microbiota of
coastal region dairy cattle can be corrected will be way for-
ward for high yielding and sustainable milk productions in
future.

4. Conclusion

The high quality and quantity of milk yield are the desirable
traits for dairy farming. The achievement of these traits is

challenged by several factors including environmental
stresses, diseases, and parasites. The animals do develop
strategies to cope with such conditions; however, interven-
tions to improve it accelerate the process. The use of
advanced next generation sequencing technologies has
brought an immense and targeted improvements in desired
traits. The present study has explored the gut microbiota of
coastal region (FPP) and highland (Salatiga) dairy cattle
and found interesting targeted microbial species which after
further validation can be developed as novel prebiotic and/
or probiotic to improve milk quality and quantity specifically
in coastal regions which can bring huge benefit to local farms
of the coastal region in Indonesia.
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Globally, around 2000 plant species are used against pest control. The utilization of botanicals is considered the most economic
and biodegradable methods for the control of stored grains pests. Therefore, the current study was carried out to investigate the
repellency potential of five botanicals against Callosbruchus maculatus F. in Haripur, Pakistan. The concentrations of Azadirachta
indica L., Nicotiana tabacum L., Melia azedarach L., Nicotiana rustica L., and Thuja orientalis L. were, i.e., 0.5, 1.0, 1.5, 2.0, 2.5,
and 3.0% in four replicates to establish contact effects. The data were recorded after 1, 2, 3, 6, 24, 48, 72, and 96 hours. The
repellency effect of these plant species against C. maculatus were increased in both the time- and dose-dependent manner, and
highest effect was observed at 72 h. In addition, the repellency effect was 91% for A. indica (class: V), 86% M. azedarach, 82%,
N. tabacum (class: V), 79% N. rustica (class: IV), and 75% T. orientalis (class: IV) at 3% concentration against C. maculatus.
Furthermore, following 96 hours’ exposure to treatment the sensitivity response of insects decreases as the time interval
increases, i.e., 86% A. indica (class: V) was followed by 71% M. azedarach (class: IV), 65% N. tabacum (class: IV), 61%
N. rustica (class: IV), and T. orientalis 57% (class: III) repellency at highest concentration of 3%. The current study concluded
that A. indica and M. azedarach can be incorporated for the management of C. maculatus and these plant species might be
helpful in the productions of new biopesticides.

1. Introduction

The practice of using plant extracts as biopesticides or
medicines is well known [1]. As many as 2000 plant spe-
cies are in use globally in the control of insect pests. Local
people adopt more economic and biodegradable method

used as different plant part extracts as pesticides against
stored products [2]. However, the effectiveness or use of
biopesticide increases as pest management in field and
stored product pests [3].

Among the stored products, insect pests, the Genus
Callosbruchus causes annual losses to different stored
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products including 30% in Mung bean, 20% in pigeon pea
and 15% in chick pea [4]. About 2.5-3 million tons of stored
grains are lost annually due to C. maculatus [5]. The Bruchid
beetle, C. maculatus F. (Coleoptera: Bruchidae), is a cosmo-
politan pest attack on economically important legumes such
as mung bean, lentil, black gram, and cow peas [6].

This beetle damages the pulses both quantitatively and
qualitatively which then become unfit for consumption [7].
C. maculatus breed from March to November and maxi-
mum damage is caused from February to August when all
the developmental stages are present [8]. It is reported that
farmer uses highly toxic insecticides to protect their stored
commodities including mung bean. The use of chemical
insecticides which have known side effects including han-
dling hazards, toxic residues, and development of insecticide
resistance [9]. Therefore, insecticides having toxic residues
should be discouraged for the control of insect pests [10].
Due to injudicious use of insecticides, most of the stored
product pests showed resistance against synthetic insecti-
cides [11].

It is necessary to investigate alternative sources for the
management of stored insect pests [12]. For the control of
insect pests in storage, there is limited information regarding
the utilization of plant products. Overuse of insecticides
creates resistance in pest and has a harmful impact on the
environment. Therefore, alternative strategies for the man-
agement of pests should be adopted [13]. The plant extracts
not only environmental friendly but also social acceptable
and easily available for local store keeper, farmers, and the
people whose business is related with stored commodities.
Keeping in view the importance of botanicals pesticides,
the present studies were conducted with the aims to find
out repellency response of C. maculatus against different
plant extracts.

2. Material and Methods

The experiment was laid out in completely randomized
design (CRD) with factorial arrangement having five treat-
ments each with four replications. The leaves and fruits of
five selected plants viz. A. indica, M. azedarach, N. rustica,
N. tabacum, and T. orientalis were collected from different
locations of district Swabi, Khyber-Pakhtunkhwa Pakistan
(as shown in Table 1 and Figure 1).

2.1. Collection and Establishment of Stock Culture Insects. C.
maculatus were collected from infested godowns at District
Swabi. The collected C. maculatus were then brought to
Entomological Laboratory, Department of Entomology, the
University of Haripur, and released in a glass jar having
mung bean as favorite food medium; the jars were covered
with muslin cloth and kept in the lab at 30°C and 60 ± 5%
RH [9].

2.2. Preparation of Plant Aqueous Extract. Six concentra-
tions of all the selected 5 botanicals were prepared according
to the methods adopted by [14]. Leaves and fruits were
placed in distilled water for the duration of 48hr. 0.25,
0.50, 0.75, 1.00, 1.25, and 1.50 g of each botanicals (different

parts) were directly diluted in 50ml of distilled water to
make 0.5, 1, 1.5, 2 2.5 and 3% (w/v) solution. Each concen-
tration was prepared separately [9].

2.3. Phytochemical Screening of Selected Plant Aqueous
Extracts. The standard solution of 200ml extracts was pre-
pared by mixture of selected plant extract and distilled water
[15]. The extracts were subjected for phytochemical for the
following standard methods.

2.3.1. Extraction Procedure. Maceration: For maceration (for
fluid extract), whole or coarsely powdered plant drug was
kept in contact with the solvent in a stopper container for
a defined period with frequent agitation until soluble matter
is dissolved [16].

2.3.2. Tests for Alkaloid Wegener’s tests. Extracts of the test
plants were dissolved individually in dilute hydrochloric acid
1.5% and filtered with Whatman No. 1 filter paper by the
treatment filtrates with few drops of iodine in 2 to 3 drops
of potassium iodide. The presence of brown reddish precip-
itates that pointed out the presence of alkaloids in the
samples [17].

2.3.3. Tests for Phenols. In ferric chloride test, for the screen-
ing of phenol plant aqueous extracts, the phenol plant aque-
ous extracts were treated with 3-4 drops of ferric chloride
solution. The appearance of bluish black color indicated
the presence of phenols [18].

2.3.4. Tests for Phytosterols: Salkowski’s Test. The test plant
aqueous extracts were treated with chloroform and filtered
with Whatman no. 1 filter paper. Few drops of concentrated
sulphuric acid were added and then vertexed it and allowed
to stand for some time. The golden yellow color indicated
the presence of phytosterol [18].

2.3.5. Tests for Diterpenes. To observe the presence of diter-
penes, the plant aqueous extracts were treated with 3-4
drops of copper acetate solution. Formation of emerald
green color indicated the presence of diterpenes [18].

2.3.6. Tests for Saponins. For dilution about 2ml of plant
aqueous extracts were taken in test tube, in distilled water
and vortexed it for 5 minutes. Foam produced and persisted
for ten minutes indicated the presence of saponins [17].

2.3.7. Tests for Flavonoids. In the alkaline reagent test, for the
presence of flavonoids, the plant aqueous extracts were
treated with 2-3 drops of lead acetate solutions. The forma-
tion of intense yellow color, which becomes colorless on
addition of dilute acid, indicated the presence of flavo-
noids [19].

2.4. Bioassay of C. maculatus Adults. The repellency effect of
tested botanicals used against the beetles was assessed by
using the area preference method [9]. In bioassays, 6 con-
centrations viz. 0.5, 1, 1.5, 2, 2.5, and 3% of aqueous extracts
were used. Whatman No.1 filter paper was equally divided
into 2 halves (about 7.2 cm diameter). First half portion of
each filter paper was treated with the extract by using

2 BioMed Research International
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micropipette, and the 2nd half portion of filter paper was
treated with distilled water as a control. Each filter paper
was air dried for about 30 minutes, till complete evaporation
of solvent. The filter paper was then pasted length wise, edge
wise with the help of masking tape and kept at the bottom of
16 cm diameter Petri dishes. Ten pairs of freshly emerged
adult beetles (total of 20 per dish) were released at the center
of the test arena in the Petri dishes and covered with muslin
cloth and kept in an incubator at 27 ± 2°C and 65 ± 5% rela-
tive humidity. Total numbers of insects residing on treated

and untreated portions of filter paper were counted after 1,
2, 3, 6, 24, 48, 72, and 96 hours, and percent repellency
(PR) was calculated by using the formula adopted by [20]

PR = Nc −Nt
Nc

� �
× 100, ð1Þ

where Nc is the no. of insects counted in control and Nt is
the no. of insects counted in treated.
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Figure 1: Location from which plant species collected during 2021.

Table 1: List of plant species and plant parts used in the experiment with C. maculatus during 2021.

Sr. no. Common name Botanical name Family Part used

1 Neem Azadirachta indica Meliaceae Seed

2 Bakion Melia azedarach Meliaceae Fruit

3 White Patta Nicotiana rustica Solanaceae Leave

4 Virginia tobacco Nicotiana tabacum Solanaceae Leave

5 Chinese arborvitae Thuja orientalis Cupressaceae Fruit

3BioMed Research International
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The botanicals were then categorized into different clas-
ses (as shown in Table 2), [21].

2.5. Statistical Analysis. The recorded data were subjected to
analysis of variance (ANOVA) with two factors CRD (com-
plete randomized design), and means were separated by
using the least significant difference (LSD) test at 5% level
of probability. Statistical analyses were carried out using
STATISTIX 8.1 [22].

3. Results

3.1. Screening of Aqueous Extracts of Plants for Phytochemical
Constituents. In this experiment, phytochemical constituents
of five plant species were determined from their crude extracts
(as shown in Table 3). It was clear from the results that all the
phytochemical constituents were present inM. azedarach, with
both phytosterol and phenol inmoderate amount while the rest
of phytochemicals were present in lower quantities. A. indica
also exhibited all the phytochemicals in high quantities. More-
over, in N. tabacum all the phytochemicals were present,
whereas diterpenes and phenols were present in high amount
and the others in moderate quantities. In N. rustica, saponins
were not present while, rest in low quantities. In T. orientalis,
all the phytochemicals were present in low quantities.

3.2. Repellency. The settling response of C. maculatus was
significantly (P < 0:05) affected by concentration. The adults
of C. maculatus preferred the untreated arena (control) as
compared with treated arena. The preference response of
tested insects significantly declined with the increases in con-
centrations of extracts. The repellency of five different botani-
cals against C. maculatus were studied under controlled
laboratory conditions, and result revealed different trends in
different parameters which are explained as follows.

3.2.1. Mean Percent Repellency of C. maculatus after 1 h
Exposure Period. After one hour of exposure, highest
repellency of C. maculatus was observed with A. indica
(53:75 ± 4:26) (df = 5, P < 0:05, F = 34:38) which show
class III repellency, while the lowest was recorded with
T. orientalis (32:25 ± 0:75) which show class II repellency.
An increasing trend in repellency was observed with the
increase in concentration of botanicals (Figure 2).

3.2.2. Mean Percent Repellency of C. maculatus after 2 h
Exposure Period. The repellency of tested botanical against
C. maculatus after two hours of exposure. A. indica showed

the highest repellency (57:5 ± 3:22) against C. maculatus,
and the lowest repellency was observed with T. orientalis
(41:25 ± 3:75) (df = 5; P < 0:05; F = 34:38) (Figure 3).

3.2.3. Mean Percent Repellency of C. maculatus after 3 h
Exposure Period. Result showed the highest repellency of C.
maculatus against A. indica (60 ± 2:04) at 3% concentration,
while the lowest repellency was observed against T. orientalis
(51:5 ± 3:09) (df = 5; P < 0:05; F = 49:98) after the exposure
period of 3 hours (Figure 4).

3.2.4. Mean Percent Repellency of C. maculatus after 6 h
Exposure Period. Results described the repellency of tested
botanical insecticides against C. maculatus (df = 5; P < 0:05;
F = 49:33). At 3% concentration after 6 hours of exposure,
highest repellency (class IV repellency) was recorded in
A. indica (66 ± 3:7). In comparison, the lowest repellency
(class III repellency) was observed in T. orientalis
(51:25 ± 2:39) (Figure 5).

3.2.5. Mean Percent Repellency of C. maculatus after 24 h
Exposure Period. After 24 hours of exposure at 3% concen-
tration (df = 5; P < 0:05; F = 54:07), highest repellency was
observed in A. indica (72:5 ± 2:5) and the lowest repellency
was observed in T. orientalis (60:25 ± 2:25) (Figure 6).

3.2.6. Mean Percent Repellency of C. maculatus after 48 h
Exposure Period. After 48 hours of exposure, the repellency
effect of different concentration of selected plant extract pre-
sented (Figure 7) (df = 5; P < 0:05; F = 109:38). Results
revealed the highest repellency (class V repellency) at 3%
concentration in A. indica (85 ± 2:04) while the lowest repel-
lency was observed in T. orientalis (70 ± 2:04) (class IV
repellency).

3.2.7. Mean Percent Repellency of C. maculatus after 72 h
Exposure Period. After 72 hours of exposure (df = 5;
P < 0:05; F = 104:80), A. indica (91:25 ± 1:49) showed the
highest repellency (class V repellency), while the lowest
repellency (class III repellency) was recorded in T. orientalis
(75 ± 3:53) at 3% concentration (Figure 8).

3.2.8. Mean Percent Repellency of C. maculatus after 96 h
Exposure Period. After 96 hours (df = 5; P < 0:05; F =
123:10), the repellency effect of tested plant extract against
C. maculatus was significantly presented. Decreasing trend
in repellency was observed after 72 hours of exposures;
however, the highest repellency (class V repellency) was
observed in A. indica (86:25 ± 1:75) and lowest repellency
(class III repellency) was observed in T. orientalis
(57:5 ± 1:44) at 3% concentration (Figure 9).

4. Discussion

Entomologists and pest controllers around the world are
using plant-based insecticides increasingly frequently, most
likely as a result of public awareness of the risks connected
with many chemical pesticides. However, the method of
extraction, the section of the plant used, and the type of sol-
vent employed for their extraction all directly or indirectly
affect the efficiency of many botanical insecticides [23].

Table 2: Repellency classes according to McDonald et al. [21].

Sr. no. Class &R1
1 0 >0.01-0.1
2 I 0.1-20

3 II 20.1-40

3 III 40.1-60

4 IV 60.1-80

5 V 80.1-100

1%R: percentage of repellency rate.

4 BioMed Research International
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Different solvents’ polarities may result in variations in how
well they extract the active ingredient found in botanicals.
Present experiments based on phytochemicals in five plants
species yielded variable results. All the phytochemicals were
found in all the five plant species. Some earlier researchers
have reported results similar to the current study, such as
[24] reported that the aqueous extract of N. tabacum leaves
tested positive for alkaloids, tannins, flavonoids, steroids, car-

diac glycosides, essential oils, resins, and polypeptides. [25]
stated that tobacco leaves contain nicotine, as we know that
nicotine is an alkaloid which is the most biologically active
component of tobacco. Alkaloids, being one of the largest
group of phytochemicals in plants have pronounced effect
on humans which have led to development of pain killer med-
ication [26]. Moreover, these alkaloids have also been act as
insect repellents as mentioned by [27]. According to [28], A.
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five plant species.
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Figure 2: Mean percent repellency of C. maculatus after 1-hour exposure period treated with six different concentrations of crude extracts of
five plant species.

Table 3: Phytochemical composition of crude extracts of five plant species during 2021.

Plant species
Phytochemical constituents of five plant species

Alkaloids Flavonoids Saponins Diterpenes Phytosterol Phenols

A. indica +++ +++ ++ ++ +++ +++

N. tabacum ++ ++ ++ +++ ++ +++

M. azedarach + + + + ++ ++

N. rustica + + — + + +

T. orientalis + + + + + +

+++: highly present; ++: moderately present; +: low present; –: not present.
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indica crude extracts showed the presence of alkaloids, glyco-
sides, flavonoids, saponins, tanins, and phenolic compounds.
In the present research, crude extracts of M. azedarach indi-
cated high presence of terpiniods, saponins, flavonoids, and
phenols. [29] yielded results similar to our findings. According
to [30], crude extracts of M. azedarach gave phenols, flavo-
noids, tannins, alkaloids, terpinoids, and saponins.

Outcomes of the present studies are consistent with [31]
who also reported the highest repellency of A. indica against
T. castaneum, with decreasing trend with the passage of
time. Our results also agreed with some earlier researcher
[32, 33] that A. indica repels insect and causes them to stop
their feeding. Neem extracts contain azadirichtin and salan-
nin that function as insect feeding deterrent. [34, 35] also
reported the use of A. indica for the control different foliage
pests. In case of M. azedarach, our results are in agreement
with [36] who also reported that the repellency effect of M.
azedarach decreases after the 72-hour exposure period.
Research carried out worldwide during the last three decades
have also shown significant repellency effect of the M. aze-
darach for the management of stored product pests [30].
Tobacco (N. tabacum and N. rustica) is traditionally known
as a natural insecticide [37]. In our studies, we observed 82%
repellency in N. tabacum and 76% in N. rustica against C.
maculatus at 3% concentration. Our results are agreed with
[38] who recorded similar repellency trend as in our study
(increases repellency at increased concentration of plant
extracts. This result also coincides with the findings of [39]
who also reported the maximum repellency in N. tabacum
at high concentration against T. castaneum. Nicotiana spe-
cies contain nicotine which is an alkaloid act as a potent
insecticide that bind the acetylcholine receptor and affect
the nerve transmission that act as a feeding deterrent. In
our study, among the tested botanicals, the lowest repellency
was observed in T. orientalis against C. maculatus. Our
results are in contradiction with the findings of [40] who
observed high repellency (92%) in T. orientalis against Tri-
bolium confusum. Difference in results might be due to the
different plant parts used for the extraction that have differ-
ent percentage compositions of the ingredients [41]. The
insecticidal constituents of many plant extracts and essential
oils are mainly monoterpenoids [42]. Monoterpenoids are
typically volatile and rather lipophilic compounds that can
penetrate into insects rapidly and interfere with their physi-
ological functions [43]. Due to their high volatility, they have
fumigant activity that might be of importance for controlling
stored product insects [44]. Studies carried out worldwide
during last the three decades have significantly extended
our knowledge on botanical pesticides. Many plant-derived
natural products active against insect could be produced
from locally available raw materials, perhaps in many cases
right at the site of usage, so as to be relatively inexpensive
[43]. In this study, pure liquid extract of A. indica and M.
azedarach was effective at managing the population of C.
maculatus. It may therefore be one of the alternative control
options in our immediate environment. The natural phyto-
chemicals from Plants have potential being ecofriendly can
replace synthetic pesticides for the insect pests [45]. Neverthe-
less, despite their efficiency, the extracts have no negative

impact on the stored pulses. Consequently, these plant extracts
may be utilized to help reduce the number of C. maculatus.

5. Conclusion

It is reported that the utilization of phytochemicals is eco-
friendly, socially acceptable, and economically feasible
approach for the management and biocontrol of C. macula-
tus. Based on our result, it can be concluded that A. indica
and M. azedarach at all concentration might serves as alter-
native to insecticides in rural areas of tropic and subtropic
region. The promising and effective repellency of these
botanicals suggesting that these botanicals as a potential can-
didate agent against the C. maculatus and can be recom-
mended for their integration with other control strategies
that will reduced environmental pollution and health haz-
ards problems. Moreover, use of these plant extracts can
open new avenue for the management of C. maculatus.

Data Availability

Data is included in the article.

Additional Points

Novelty of the Study. This laboratory work evaluated the
anti-insect potential of local plant species from District
Swabi and Haripur, Khyber Pakhtunkhwa of Pakistan,
against destructive insect pest of stored grain, i.e., Calloso-
bruchus maculatus. Bioassays revealed that water extracts
of A. indica, M. azedarach, N. rustica, N. tabacum, and T.
orientalis at various concentrations particularly at 3% and
exhibited considerable repellency of insect pest individuals
suggesting their biocidal potential against this insect pest.
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Campylobacter jejuni is a major cause of gastroenteritis in humans. It has been reported that the pathogenesis of C. jejuni is closely
related to the formation, adhesion, and invasion of flagella toxin in host epithelial cells. A putative transcriptional regulator,
known as cj0440c, is thought to be involved in the regulation of flagellar synthesis. However, confirmation of this hypothesis
requires deep insight into the regulation mechanism of cj0440c and its possible relationship with different antibiotics.
Therefore, the study explained here was designed to determine the relationship and function (phenotypically and
genotypically) of cj0440c in the flagellar synthesis of C. jejuni NCTC11168. The study determined the mode of expression of
cj0440c and flagella-related genes under exposure to various drugs. To verify the involvement of cj0440c protein in the
metabolic pathway of thiamine, an enzymatic hydrolysis experiment was performed and analyzed through the application of
mass spectrometry. The overexpression vector of C. jejuni NCTC11168 was also constructed to find out whether or not target
genes were regulated by cj0440c. The findings of the study showed that cj0440c and other flagella-related genes were expressed
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differentially under the influence of various antibiotics including erythromycin, tylosin, azithromycin, gentamicin, etimicin,
enrofloxacin, gatifloxacin, tetracycline, and tigecycline. The analysis showed that the cj0440c protein did not catalyze the
degradation of thiamine. In conclusion, the study aids in the understanding of the inter-relationship between the regulatory
mechanism of flagella genes and the thiamine metabolic pathway.

1. Introduction

Campylobacter jejuni (C. jejuni) is a pathogenic bacterium
that is considered a major cause of food-borne diarrhea
around the globe [1]. It is estimated that more than 400 mil-
lion people each year are exposed to these bacteria and, as a
consequence, develop gastroenteritis [2]. Humans may be
infected via the consumption of contaminated poultry meat,
milk, or water [3, 4]. Outbreaks of C. jejuni infection in
humans are relatively rare. However, Campylobacter infec-
tion has serious consequences in those with autoimmune-
mediated diseases such as Guillain-Barre syndrome and
Miller-Fisher syndrome [5]. It has been found that the path-
ogenesis of Campylobacter is closely related to the formation,
adhesion, and invasion of the toxin of the flagella in the host
epithelial cells [6]. The motility of the flagella helps the
bacteria to cross the membrane of intestinal epithelial cells
[7]. Therefore, the role of flagella in C. jejuni virulence
should not be underestimated.

The synthesis of C. jejuni flagella is a complex process;
more than 50 genes such as flgS (Cj0793), flgR (CJ1024),
and fliA (Cj0061) are involved in their synthesis and regula-
tion [8]. Three sigma factors (σ70, σ54, and σ28) are involved
in the regulation of flagellar synthesis in C. jejuni. However,
research on the regulatory mechanism of flagella has focused
on the deletion mutation of known genes, and information is
scarce regarding the cj0440c gene. Bioinformatic analysis
reveals that cj0440c is a putative transcriptional regulator
that encodes a TEN/THI-4 protein family, but the molecular
function of this family has not been determined. This gene
(cj0440c) is present upstream of cj0441 (which creates an
acyl carrier protein, acpP) [9] and downstream of the
cj0437-cj0439 operon, which plays a pivotal role in the sus-
ceptibility of Campylobacter to hydrogen peroxide (H2O2)
[10, 11]. Hence, genes that lie both upstream and down-
stream of cj0440c are essential for Campylobacter’s survival,
growth, colonization, and pathogenesis. Although the
cj0440c gene is present at opposite ends of the DNA coding
strand, it can be divergently transcribed with its up-and-
downstream genes and probably acts as a transcriptional
regulator for several genes that are involved in the biosyn-
thesis of flagella. However, the biological functions of
cj0440c in C. jejuni are mostly unknown.

Due to the involvement of the cj0440c gene in the regu-
lation of flagellar synthesis and the lack of information on
the possible influence of antibiotic resistance, the study
explained here was designed to determine the relationship
and function (phenotypically and genotypically) of cj0440c
in the flagellar synthesis of C. jejuni NCTC11168. To achieve
that, the expression of cj0440c and other flagella genes dur-
ing exposure to eight different kinds of antibiotics was
detected through the use of reverse-transcription polymerase
chain reaction (RT-PCR) preliminarily to detect the rela-

tionship between cj0440c and flagella genes. The cj0440c
protein was expressed and purified, and a digestion experi-
ment was designed that employed thiamine as the substrate
to determine whether or not cj0440c was a thiaminase and
can regulate directly the expression of flagella genes.

2. Materials and Methods

2.1. Bacterial Strains, Plasmids, and Culture Conditions. The
C. jejuni NCTC11168 strain that was designated as sensitive
(S) was obtained from the Chinese Centre for Disease
Control and Prevention. The Escherichia coli strains and
plasmids that were used in this study and their sources are
listed in Table 1. Campylobacter strains were grown on
plates that contained Skirrow Campylobacter selective agar
(Hopebio, Qingdao, China) and were supplemented with
5% sterile defibrinated sheep blood at 42 °C under a micro-
aerobic environment (85% N2, 10% CO2, and 5% O2). The
C. jejuni NCTC11168 strain that was designated as resistant
(R), which was resistant to different kinds of antibiotics, was
procured from our laboratory (the China Ministry of Agri-
culture Laboratory for Risk Assessment of Quality and Safety
of Livestock and Poultry Products, Huazhong Agricultural
University, Wuhan, China). E. coli cells were grown at 37 °C
in a shaking incubator (200 rpm) in Luria-Bertani (LB)
medium. When necessary, LB media were supplemented
with kanamycin (30μg/ml) or ampicillin (100μg/ml).

2.2. Antimicrobial Susceptibility Assessment. The minimal
inhibitory concentrations (MICs) of S and R against nine
commercially available and frequently practiced antimicro-
bials, which were erythromycin (Ery), tylosin (Tyl), azithro-
mycin (Azi), gentamicin (Gen), etimicin (Eti), enrofloxacin
(Enr), gatifloxacin (Gati), tetracycline (Tet), and tigecycline
(Tige), were determined by use of the broth microdilution
susceptibility method, as described previously by the Clinical
and Laboratory Standards Institute [12]. C. jejuni
ATCC33560 was used as the quality control strain. The
experiment was performed in triplicate.

The mutant prevention concentration (MPC) was
defined as the lowest concentration of drug that prevented
bacterial colony formation in a culture that contained
>1010 bacteria. The determination was similar to that for
the MIC, except that >1010 cells were tested at high drug
concentrations (from 1MIC to 128MIC) and agar plates
were used. Inoculated plates were incubated for 72 h. The
minimum drug concentration that led to nonbacterial
growth was the provisional MPC (MPCpr). The mutant
selection window (MSW) was the drug concentration range
between the MIC and the MPC.

2.3. Detection of Expression of Flagella Genes in C. jejuni by
RT-PCR. Both strains (S and R) were induced by the
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addition of 0.5MPC of each of the eight antibiotics. The total
RNA from each sample was extracted using the RNAprep
pure cell/bacteria kit (Tiangen Biotech, Beijing, China).
The quality and quantity of the RNA were determined by
the application of formaldehyde denaturing gel electropho-
resis and the use of a Nanodrop TM 2000 Spectrophotome-
ter (Thermo Fisher Scientific, Waltham, MA, USA). The
cDNA was synthesized from the extracted RNA using a
HiScript II one-step RT-PCR kit (Nanjing Vazyme Biotech
Co, Nanjing, China).

The batches of cDNA of nine antibiotic-resistant bacte-
ria and standard bacteria were subjected to RT-PCR to
determine the expression of the flagellar genes, according
to a previously described study [13]. Briefly, the PCR ampli-
fication was performed in the IQ5 Multicolor Real-time PCR
Detection System (Bio-Rad Laboratories, Hercules, CA,
USA). The cycling conditions were as follows: 3min of
pre-incubation at 95 °C, followed by 45 cycles of 10s at
95 °C and 40s at 52 °C. The primer sets used for specific
genes (cj0440c, cj1339c, cj1338c, cj0043, cj0697, and 16S)
are listed in Table 2. It was decided to use 16S rDNA as an
internal control for normalization. The experiment was per-
formed in triplicate to obtain an average value for the fold
change. A t-test was performed to analyze the significant
difference between resistant bacteria and standard bacteria.

2.4. Construction of cj0440c Overexpression Mutants in C.
jejuni NCTC11168. The DNA fragment of the cj0440c gene
and promoter CmeABC was amplified from the C. jejuni
NCTC11168 genome using Taq polymerase (Takara,
Kusatsu, Shiga, Japan) with primers of cj0440c-F/R and
CmeABC-F/R (Table 2). The cj0440c-F/R carried endonucle-
ase restriction sites of Sac I and Sac II, while CmeABC-F/R
carried endonuclease restriction sites of Sac I and Spe I.
PCRs were performed in a total volume of 20μl using
0.5μl of each primer (10μM), 2μl of Taq polymerase buffer
(10×), 1.6μl of deoxynucleoside triphosphates (2.5mM),
0.2μl of Taq polymerase, and 200ng of DNA template.
The amplification program was as follows: initial denatur-
ation at 95 °C for 5min, denaturation at 95 °C for 30s, and
annealing at 52 °C for 30s, followed by 35 cycles of extension
at 72 °C for 1min and an additional final extension at 72 °C

for 5min. PCR products were evaluated on a 1% agarose
gel under ultraviolet light in the presence of ethidium bro-
mide. After the reaction, the PCR products were analyzed
on agarose gel, and the desired gene fragments were excised
and purified through the use of a gel extraction kit (Omega
Bio-tek Inc. Georgia, USA).

T4 DNA ligase enzyme (Takara, Kusatsu, Shiga, Japan)
was used to connect cj0440c and CmeABC fragments by
the same restriction sites (Sac I) to gain a new fragment
Cme440. This new fragment was then cloned into a
pMD19-T sample vector (Takara, Kusatsu, Shiga, Japan) to
generate plasmid T-Cme440. Enzymatic double digestion
(which involves cutting DNA with two restriction enzymes
simultaneously) was used for Spe I and Sac II. A similar
action was replicated on the vector pRY112. Insertion was
performed at 16 °C using the T4 DNA ligase enzyme. The
ligation product was transformed into DH5α by heat shock
(at 4 °C for 30min, 42 °C for 90s, and 4 °C for 2min). After-
ward, the transformed cells were restored through the addi-
tion of LB liquid medium to the transformants, and the
mixture was incubated for 2 h. Bacteria were collected
through the use of low-speed centrifugation. Finally, bacterial
pellets were added to an LB medium that contained chloram-
phenicol to produce the recombinant clones that contained
the vector. The clones were sent to the company for sequenc-
ing and the right plasmid was named pRY-Cme440.

2.5. Cloning, Expression, and Purification of cj0440c in E.
coli. The size of the target gene cj0440c (Gene ID: 904765)
was 666 bp. The DNA fragment of the cj0440c gene was
amplified from the C. jejuni NCTC11168 genome through
the use of Taq polymerase (Takara, Kusatsu, Shiga, Japan)
with primers of cj0440c-F1/R1 (Table 2) that carried endo-
nuclease restriction sites of BamH I and Xho I. The vector
(pET28a) was of size 5369 bp and carried a kanamycin resis-
tance gene and different restriction sites for various
enzymes. The expression vector was constructed through
the use of the method described above and was named the
expression vector P-440.

2.6. Inducible Expression and Purification of cj0440c Protein.
The expression host E. coli BL21 was used for the expression
of recombinant protein cj0440c. Induction of the bacteria
that contained P-440 was performed by overnight culture
in the presence of 50μg/ml kanamycin. Bacterial culture
(200μl) was grown in broth media and transferred to
20ml of fresh liquid medium. The growth of bacterial cul-
ture was monitored by an optical density (OD) spectropho-
tometer at 600nm. Isopropyl-β-d-thiogalactoside (IPTG)
was added when the OD600 value reached 0.6 to induce the
protein expression. The best conditions for expression of
cj0440c protein were found to be 0.1mM IPTG at 25 °C for
20 h with the use of E. coli BL21 (DE3) cells.

The recombinant protein contained N-terminal 6×His
tags and C-terminal 6×His tags. It was purified from the cell
lysate through the use of nickel-nitriloacetic acid (Ni-NTA)
affinity chromatography. The E. coli BL21 cells, which con-
tained P-440 after induction, were harvested by centrifuga-
tion at 4000 rpm for 20min. The cells were resuspended in

Table 1: Bacterial strain and plasmid used in the present study.

Name Description

Bacterial strain

NCTC 11168 Campylobacter jejuni NCTC 11168 (S)

NCTC 11168 Campylobacter jejuni NCTC 11168 (R)

ATCC 33560 Campylobacter jejuni ATCC 33560

DH5α E. coli strain for DNA manipulation

BL21 E. coli strain for DNA manipulation

Plasmid

pRY112 Cm-resistant C. jejuni/E. coli vector

pMD19-T simple Amp-resistant E. coli vector

pET28-a Km-resistant E. coli vector
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ice-cold phosphate-buffered saline (PBS) and sonicated at
50% power for 30min. The cell lysates were centrifuged
at 12000 rpm for 30min at 4 °C. The supernatant was
incubated with 100μl Ni-NTA Sepharose (GE Healthcare,
Chicago, Il, USA) in 1.5ml tubes at 4 °C for 2 h in a
shaking incubator. The supernatant was washed with
1ml of Ni-NTA wash buffer (50mM NaH2PO4, pH8.0,
300mM NaCl, and 300mM imidazole). Next, the bound
proteins were eluted in 1ml of Ni-NTA elution buffer
(50mM NaH2PO4, pH8.0, 300mM NaCl, and 500mM
imidazole). The eluted protein was run through a 12%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) system and then transferred to a polyvinyli-
dene difluoride (PVDF) membrane and immunoblotted
with anti-His antibody.

2.7. Detection of the Role of cj0440c in Thiamine Metabolism.
TenA can catalyze thiamine degradation to 4-methyl-5-(2-
hydroxyethyl) thiazole (THZ) and 4-amino-5-hydroxy-
methyl-2-methylpyrimidine (HMP) (Figure 1).

For qualitative assessment, thiaminase activity of cj0440c
was identified by incubating different concentrations
(15μM, 20μM, 25μM, or 30μM) of cj0440c and thiamine
(2.5mM) at room temperature in 50mM tris(hydroxy-
methyl)aminomethane (tris buffer) (pH8.0). A 100μl ali-
quot of this reaction mixture was removed after 5 h and
quenched by heating at 95 °C for 2min. The reaction was
repeated without cj0440c to produce the control, and then
the compounds were analyzed by mass spectrometry (MS).

3. Results

3.1. Antimicrobial Susceptibility of C. jejuni NCTC11168 (S
and R Strains). The susceptibility of C. jejuni NCTC11168
(S and R strains) to each of nine antibiotics was determined.
As expected, the C. jejuni NCTC11168 (R) showed higher
resistance to the nine tested antibiotics than the S strain, as
shown in Table 3. Likewise, high MPC and MSW were
observed in the C. jejuni NCTC11168 (R) strain when
compared with the S strain.

3.2. Expression of cj0440c and Other Flagella-Related Genes
in C. jejuni NCTC11168 (S and R Strains) Exposed to
Antibiotics. The expression of flagella-related genes was
measured through the use of real-time quantitative RT-
PCR (qRT-PCR) during exposure to the macrolide, amino-
glycoside, quinolone, and tetracycline groups of antibiotics.
Among these genes, 16S rDNA was used as an internal
control, cj1338c and cj1339c were those that transcribed the
filament proteins, cj0043 was the gene for the flagellar hook
protein, and cj0697 was the gene for the flagellar basal body
protein. It is of note that these four genes are distributed in
every part of the flagella. A trend toward increased expres-
sion of all genes including cj0440c in the presence of macro-
lides (Ery and Azi), aminoglycosides (Gen and Eti),
quinolones (Enr and Gati), and tetracyclines (Tet and Tige)
was observed in the study (Figures 2(a)–2(d)).

3.3. The Western Blot Analysis of cj0440c Protein. A western
blot analysis revealed the increased expression of protein

Table 2: Primers used for qRT-PCR in the current study.

Gene Sequence (5′-3′)
Cj0440c-F CGAGCTCATGcaccaccaccaccaccacATGCTTTTCTCTAATTTAATCA

Cj0440c-R TCCCCGCGGTTAAAGATTTAATTCCATTCTTAAAGAA

CmeABC-F GGACTAGTTAAATGGAATCAATAGCTCCAAAGC

CmeABC-R CGAGCTCCAGGGTAAGTAAAACTAAGTGGTAA

Cj0440c-F1 CGGGATCCATGATGCTTTTCTCTAATTTAATCA

Cj0440c-R1 CCCTCGAGAAGATTTAATTCCATTCTTAAAGAA

Cj0440cF AGTTGCTCTTAGTGCTTGCG

Cj0440cR TGCTCCCAAAAAGCCACTTC

Cj1339cF TCCATTAAACGGTTGATATCTGCTT

Cj1339cR AAGGCTATGGATGAGCAACTTAAAAT

Cj0043F GGGTTCTCCTGTTGCAAGTGA

Cj0043R GCCCCTAAAACCCCAAAAAAT

Cj1338cF TTACCATTGTTGATAGCTTGACCTAAA

Cj1338cR TGCTTCAGGGATGGCGATA

Cj0697F TGGTTCAGACCAAAGATGGA

Cj0697R TGCCAGCATTCTGAGGATTA

16SF GCTCGTGTCGTGAGATGTTG

16SR GCGGTATTGCGTCTCATTGTAT
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under the influence of IPTG (Figure 3). The best conditions
for induction of cj0440c protein were 20 h in 0.1mM IPTG
at 25 °C; the best purification conditions for this protein were
its elution in 500mM imidazole.

3.4. Reaction of cj0440c with Thiamine. MS was used to
determine the products of the reaction of catalyzed thiamine
with different concentrations of cj0440c protein
(Figures 4(a)–4(e)). Figure 4(a) represents the blank group
that is without cj0440c. The molecular weight of thiamine
is 337 kDa, that of THZ is 143 kDa and that of HMP is
139 kDa. There was no difference between the results for
the experimental group and those for the blank group. MS
analysis showed that the cj0440c protein did not catalyze
the degradation of thiamine.

4. Discussion

Over the last decade, C. jejuni has become considered one of
the leading causes of food poisoning in many countries
including those in Europe [14]. Because of its public health
significance, it is important to study the pathogenic mecha-
nisms that are adopted by this bacterium. Among patho-
genic mechanisms, the formation of flagella is key, as they
aid bacterium motility, biofilm formation, adherence, and
invasion into the host cell [15]. The cj0440c gene, a putative
transcriptional regulator of several flagella-related genes, and
its role in the biosynthesis of flagella is not fully understood.

Therefore, the study described here was conducted to deter-
mine the association of this transcriptional regulator with
other flagella-related genes. The determination was performed
with the use of RT-PCR. It was observed through the use of
MS analysis that cj0440c had no role in thiamine hydrolysis.
It was also found that cj0440c was not involved directly in
the regulation of flagella genes. Increased expression of
cj0440c and other flagellar genes (cj1338c, cj1339c, cj0697,
and cj0043) was found in C. jejuni NCTC11168 (S and R
strains) upon exposure of the bacterium to eight different
kinds of antibiotics. Flagella-related genes such as cj1338c,
cj1339c, cj0697, and cj0043 are distributed in every part of
the flagella, including the basal body, the hook, and the fila-
ment. These genes along with a putative transcriptional regu-
lator (cj0440c) were upregulated upon exposure to antibiotics.

The outcomes of this study are in agreement with previous
observations on the upregulation of the cj0440c gene in the
EryrC. jejuni [16]. It is known that bacteria suffer a fitness cost
during antibiotic resistance; however, numerous other factors
are involved in the compensation for the adaptation weakness
[14–18]. In this study, increased expression of flagella-related
genes and cj0440c suggest that the putative transcriptional
regulator may affect morphological changes of the flagella by
taking part in the regulation of filament. One possible explana-
tion is that cj0440c may be involved in compensating for the
fitness cost of various antibiotics via a positive relationship
with flagella-related genes. These findings are in agreement
with those of a previous study [19].

NH2 NH2

H3C CH3

H3C

H3C N

N
N N

N

N

HO
HO

OH

S

S

HMPTHZThiamin

TenA +

Figure 1: The degradation of thiamine into THZ and HMP catalyzing by TenA.

Table 3: The MIC, MPC, and MSW results of C. jejuni NCTC11168 (S) and C. jejuni NCTC11168 (R) for nine antibiotic drugs.

Name
NCTC11168 (S) NCTC11168 (R)

MIC (μg/mL) MPC MSW MIC (μg/mL) MPC MSW

Erythromycin 0.125 2MIC 1-2MIC 0.5 2MIC 1-4MIC

Tylosin 0.5 2MIC 1-2MIC 2.0 4MIC 1-4MIC

Azithromycin <0.125 2MIC 1-2MIC 0.5 4MIC 1-4MIC

Gentamicin 0.25 4MIC 1-4MIC 0.5 8MIC 1-8MIC

Etimicin 1.0 4MIC 1-4MIC 2.0 8MIC 1-8MIC

Enrofloxacin 0.125 8MIC 1-8MIC 4.0 32MIC 1-32MIC

Gatifloxacin 0.25 4MIC 1-4MIC 4.0 8MIC 1-8MIC

Tetracycline 0.125 32MIC 1-32MIC 16.0 128MIC 1-128MIC

Tigecycline <0.125 8MIC 1-8MIC 0.25 64MIC 1-64MIC
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Figure 2: Continued.

6 BioMed Research International



RE
TR
AC
TE
D

Genes

Re
la

tiv
e f

ol
d 

ch
an

ge

NCTC11168 (R) gatifloxacin

0

1

2

3

Genes

Re
la

tiv
e f

ol
d 

ch
an

ge

NCTC11168 (R) enrofloxacin

0

1

2

3

Genes

Re
la

tiv
e f

ol
d 

ch
an

ge

NCTC11168 (S) gatifloxacin

0

1

2

3

Genes

Re
la

tiv
e f

ol
d 

ch
an

ge

NCTC11168 (S) enrofloxacin

0

1

2

3

16
S

Cj
04

40
c

Cj
13

38
c

Cj
13

39
c

Cj
00

43

Cj
06

97

16
S

Cj
04

40
c

Cj
13

38
c

Cj
13

39
c

Cj
00

43

Cj
06

97

16
S

Cj
04

40
c

Cj
13

38
c

Cj
13

39
c

Cj
00

43

Cj
06

9716
S

Cj
04

40
c

Cj
13

38
c

Cj
13

39
c

Cj
00

43

Cj
06

97

(c)

16
S

Cj
04

40
c

Cj
13

38
c

Cj
13

39
c

Cj
00

43

Cj
06

97

Genes

Re
lat

iv
e f

ol
d 

ch
an

ge

NCTC11168 (S) tetracycline

0

1

2

3

16
S

Cj
04

40
c

Cj
13

38
c

Cj
13

39
c

Cj
00

43

Cj
06

97

Genes

Re
lat

iv
e f

ol
d 

ch
an

ge

NCTC11168 (R) tetracycline

0

1

2

3

16
S

Cj
04

40
c

Cj
13

38
c

Cj
13

39
c

Cj
00

43

Cj
06

97

Genes

Re
la

tiv
e f

ol
d 

ch
an

ge

NCTC11168 (R) tigecycline

0

1

2

3

16
S

Cj
04

40
c

Cj
13

38
c

Cj
13

39
c

Cj
00

43

Cj
06

97

Genes

Re
la

tiv
e f

ol
d 

ch
an

ge

NCTC11168 (S) tigecycline

0

1

2

3

(d)

Figure 2: (a)–(d) The increased expression of Flagella-related genes by qRT-PCR under the exposure of different antibiotics in C. jejuni
NCTC11168 (S & R) strains. (a) shows the increased expression of flagella-related genes under the exposure of macrolide antibiotics; (b)
shows the increased expression of flagellar-related genes under the exposure of aminoglycoside antibiotics; (c) shows the increased
expression of flagella-related genes under the exposure of quinolone antibiotics, and (d) shows the increased expression of flagella-related
genes under the exposure of tetracycline antibiotics in C. jejuni NCTC11168 (S & R) strains.
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Figure 3: The expression of protein Cj0440c through western blot. Lane M is protein molecular weight 116 Marker; lane 1 is C. jejuni
NCTC1118 control before induction; lane 2 is overexpression protein after induction by IPTG, and lane 3 is a purified protein.
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Figure 4: (a)–(e) Themass spectrogramof the product of cj0440c protein enzymatic hydrolysis. (a) The blank group (without cj0440c protein); (b)
contains 15μM cj0440c protein; (c) contains 20μM cj0440c protein; (d) contains 25μM cj0440c protein; (e) contains 30μM cj0440c protein.
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It has been reported that the cj0440c gene may have a
role in encoding the TenA/PQQC/THI-4 family of proteins.
TenA proteins enhance the expression of extracellular
enzymes such as alkaline proteases, levansucrases, and neu-
tral proteases [20]. TenA is a thiaminase II [21], and it can
catalyze the degradation of thiamine [22, 23]. This family
also includes pyrroloquinoline quinone synthesis protein C
(PQQC). This PQQC is a prosthetic group of numerous bac-
terial enzymes such as methanol dehydrogenase of methylo-
trophs and glucose dehydrogenase [24, 25]. Biosynthesis of
PQQC in E. coli can be affected by the actions of the tldD
gene, which is involved in the processing of small peptides
[26]. This gene removes repression of the cdtB and lgeR
genes, which may regulate some flagella genes [27]. How-
ever, the findings of the present study show that cj0440c is
not an enzyme, and it cannot take part in the metabolic
pathways of thiamine.

This study preliminarily explored the function of
cj0440c; it contributed to the improvement of the genome
informatics of Campylobacter, and it provided the theoreti-
cal basis for the study of the mechanism in Campylobacter.
The limitation of the current study was that all the experi-
ments were performed in vitro, and research methods on
the regulatory mechanisms of prokaryotes are limited.
Therefore, further study is required to understand the
signaling pathway.

5. Conclusion

Owing to the potential of Campylobacter jejuni to cause
health issues among public communities with the involve-
ment of antibiotic resistance, the current study revealed
that the transcriptional regulator known as cj0440c does
not transcribe an enzyme; therefore, this gene may not be
involved in the synthesis of thiamine. The outcome also
revealed that C. jejuni NCTC11168 (R) showed higher
resistance to the nine tested antibiotics than the S strain
with increased expression of the cj0440c gene in the presence
of macrolides, aminoglycosides, quinolones, and tetracy-
clines. The study aids in the understanding of the inter-
relationship between the regulatory mechanism of flagella
genes and the thiamine metabolic pathway.
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Cancer-testis (CT) genes are typically expressed in the testes; however, they have been linked to aberrant expression in a variety of
malignancies. MAGE-B family genes are an example of CT genes. Therefore, the overarching objective of this study was to
examine the expressions of MAGE-B family genes in several patients with colon cancer (CC) to see if they might be employed
as cancer biomarkers in the early phases of cancer detection and to improve treatment. In this investigation, RT-PCR was used
to analyze MAGE-B family genes in neighboring normal colon (NC) tissue from 10 CC patients. In addition, the effect of DNA
demethylation on the expression status of the MAGE-B1 gene was evaluated by RT-PCR in HCT116 and Caco-2 cells and by
qRT-PCR for HCT116 only after treating both CC cell lines with varying concentrations of 5-aza-2’-deoxycytidine (1.0, 5.0,
and 10.0 μM) for 48 or 72 hours. All MAGE-B family genes except for MAGE-B1 showed weak bands in several samples of NC
tissues: MAGE-B2, MAGE-B3, MAGE-B4, MAGE-B5, and MAGE-B6 genes were observed in 40%, 50%, 40%, 30%, and 60% of
the NC samples, respectively. Nonetheless, they had strong bands in multiple samples of CC tissues, with 70%, 90%, 60%, 50%,
and 90% of the CC samples, respectively. Interestingly, MAGE-B1 was detected in 60% of CC tissues but not in NC tissues,
suggesting that it is a potential biomarker for early CC detection. MAGE-B1 expression was not observed in either untreated or
DMSO-treated HCT116 cells after 48 or 72 hours of treatment. However, according to the RT-PCR and qRT-PCR results, the
MAGE-B1 gene was overexpressed in the HCT116 cells treated with three different concentrations of 5-aza-2’-deoxycytidine.
This shows that demethylation plays a crucial role in MAGE-B1 expression activation.

1. Introduction

Colon cancer (CC) is a leading cause of mortality globally,
and its incidence is anticipated to double by 2030 [1].
Between nations, CC incidence and death rates vary around
tenfold, with the highest rates reported in wealthy countries,
where they have remained relatively stable. However, rates
are rapidly increasing in developing nations [1]; despite the
fact that CC screening programs have reduced incidence
rates around the globe, mortality rates continue to rise in
certain locations [2, 3]. In Saudi Arabia, CC is the most
prevalent type of cancer in men and the third most common
in women [4–6]. The majority of CC instances in Saudi Ara-
bia are detected during clinical exams rather than through
screening initiatives. Screening for CC can help reduce the
incidence of death and mortality associated with this condi-

tion, as CC is a slow-progressing disease that can be treated
if detected early. Therefore, the development of a noninva-
sive biomarker for early disease detection could be advanta-
geous [7]. CC carcinogenesis is a multistep process involving
oncogene and tumor suppressor gene alterations that results
in the gradual transformation of the normal colorectal epi-
thelium into adenoma, invasive tumor, and metastatic
tumor [8]. CC has been associated with a variety of risk var-
iables, including ethnic origin, environment, and genetics [9].

Early identification and successful cancer therapy con-
tinue to be substantial clinical hurdles. Thus, there is an
urgent need to identify novel tumor-associated chemicals
that can be exploited to develop novel clinical diagnostics
and therapeutic targets for a variety of cancers [10]. Numer-
ous studies on diverse antigen classes as potential novel
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cancer-specific biomarkers for early detection of malignancy
have been conducted. Cancer-testis (CT) antigens are a type
of cancer-specific antigen that express proteins only in
human germ line cells of the testis and cancer cells [11].
Due to their particular, cancer-specific expression pattern,
CT antigens could be useful as cancer biomarkers and treat-
ments [11, 12].

CT expression is seen in a variety of tumor types, includ-
ing ovarian, colon, and melanoma [13]. In cancer tissue,
aberrant expression of these CTs could play a critical role
in tumor growth, proliferation, and antiapoptotic processes
[14]. van der Bruggen et al. discovered the first CT gene in
a patient with malignant melanoma and designated it a part
of the melanoma antigen family (MAGE-1) [15]. Most CT
genes are situated on the X chromosome [16]; are classified
as member of multicopy, paralogous gene families; and
express splice variants, including the MAGE-A, GAGE,
PAGE, XAGE1, and SSX families.

MAGEs are encoded by a paralogous gene family con-
sisting of about 60 genes [17]. Although their function in
testis germ cells is unknown, their oncogenic activity is
widely documented [18]. The first member of the human
MAGE family that was identified is a member of a cluster
of 12 MAGE-A genes found on the Xq28 [19]. Following
that, a second cluster, dubbed MAGE-B, was discovered in
human Xp21 [20], and, lastly, another cluster, dubbed
MAGE-C, was located in Xq26–27 [21]. They are completely
inactive in normal tissues, as they are a component of male
germ cells. Unexpectedly, MAGEs have been found to be fre-
quently expressed in a range of cancers [22], including colo-
rectal, melanoma, breast, and esophageal [22–25].

The MAGE-B family, including MAGE-B1, MAGE-B2,
MAGE-B3, and MAGE-B4 genes, is strongly homologous
with the MAGE-A gene family. MAGE-B gene expression
was not detected in normal tissues except the testis. How-
ever, MAGE-B1 and MAGE-B2 genes were significantly
expressed among various types of cancer, such as esopha-
geal, gastric, and colorectal carcinoma [25]. MAGE-B2 and
MAGE-B3 genes were overexpressed in hepatocellular carci-
noma and colorectal cancer patients [22, 26]. Additionally,
they are often exhibited in cancer patients from a variety
of ethnic backgrounds, including German, Chinese, Taiwan-
ese, Italian, and Japanese [22, 25–28].

DNA methylation regulates the expression of numerous
CT genes and is mostly carried out in the gene promoter
region by DNA methyltransferase enzymes (DNMTs) [29].
The expression of certain CT genes, such asMAGE-A1 in oral
carcinoma and MAGE-A4 in thyroid cancer, is apparently
enhanced by DNA hypomethylation [30, 31]. Treatment of
colon and ovarian cancer cell lines with a DNA methyltrans-
ferase 1 inhibitor (DNMTi), 5-aza-2’-deoxycytidine, can stim-
ulate the expression of many CT genes [32, 33].

The expression patterns of MAGE-B family genes have
not been examined in Saudi populations with CC. Thus,
the overall purpose of this study was to analyze the expres-
sion of MAGE-B genes in Saudi patients with CC to identify
potential cancer biomarkers that might aid in the early iden-
tification and treatment of CC.

2. Materials and Methods

2.1. Collecting Samples and Obtaining Ethical Approval. In
this study, CC and normal colon (NC) tissues were taken
from 10 Saudi male patients who had not received any treat-
ment, including chemotherapy, physiotherapy, or radiation.
Stabilization solution for RNAlater was stored in an Eppen-
dorf tube (Thermo Fisher Scientific; 76106). Ethical approval
was provided by the Al-Imam Muhammad Ibn Saud Islamic
University with IRB number HAPO-01-R-011 and project
number 214/2022 [34]. Patients were asked to sign a permis-
sion form and complete a survey as well as a self-
administered questionnaire that inquired about their age,
social behaviors, family history of cancer, and personal med-
ical history.

2.2. Primer Design for the Selected Genes. The National Cen-
ter for Biotechnology Information’s (http://www.ncbi.nlm
.nih.gov/) database was used to generate primers for each
gene. Then, using the Primer-BLAST program (https://
www.ncbi.nlm.nih.gov/tools/primer-blast/), individual
primers for each gene were constructed. Macrogen Com-
pany (Seoul, South Korea) synthesized the designed primers
at a final concentration of 10μM for use in studies (https://
dna.macrogen.com). The primer sequences and predicted
sizes of each gene are listed in Table 1.

2.3. Human CC Cell Line, HCT116, and Caco-2: Source and
Culture. The HCT116 and Caco-2 cells were obtained from
the American Type Culture Collection (ATCC, Manassas,
VA, USA), and the cells were cultured in DMEM (Thermo
Fisher Scientific; 61965026) supplemented with 10% fetal
bovine serum (FBS) (Thermo Fisher Scientific; A3160801)
and penicillin-streptomycin (Thermo Fisher Scientific;
15140122) and then kept in the incubator with 5% CO2 at 37

°C.

2.4. 5-Aza-2’-Deoxycytidine Treatment of HCT116 and
Caco-2 Cell Lines at Various Concentrations. For 48 or 72
hours, the HCT116 and Caco-2 cell lines were treated with
various concentrations of demethylating agent (5-aza-2’

-deoxycytidine) 1.0, 5.0, and 10.0μM, whereas the control
cells received the same concentration of drug solvent
DMSO. Every 24 hours, the media was refreshed.

2.5. Extraction of Total RNA and Production of
Complementary DNA (cDNA). Fifty milligrams of tissues
and about 3 × 106 cells of cultivated cells were used to extract
the total RNA using the All Prep DNA/RNA Mini Kit (Qia-
gen; 80204), according to the manufacturer’s guidelines. The
Nano-Drop8000 spectrophotometer was then used to deter-
mine the RNA concertation. To convert 1μg of RNA to
cDNA, the High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems; 4368814) was used, according to the
manufacturer’s instructions. After dilution to a 1 : 10 con-
centration, the cDNA was kept at –20°C until needed.

2.6. RT-PCR with Gel Electrophoresis. The PCR reaction,
which comprised 100ng of cDNA, 0.25μM of reverse and
forward primers, and 1X of BioMix Red (BioLine; BIO-
25006), was left in the PCR machine for 5 minutes, followed
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by 35 cycles at 96°C for 30 seconds, 58°C for 30 seconds, and
72°C for 30 seconds, respectively. The run was concluded
with a 5-minute warm-up at 72°C. Finally, the PCR results
were examined in a 1% agarose gel containing 0.5 g/mL of
ethidium bromide. A total of 3μL of 100 bp DNA marker
(New England Biolabs; N0467) was added to determine the
size of the PCR result.

2.7. Purification and Sequencing of RT-PCR Products. 15μL
of cDNA (15 ng/μL) and 20μL of forward and/or reverse
primers (5 pmol/μL) were inserted into two clean, separate
Eppendorf tubes (1.5mL). Then, the Microgen Company
received both tubes for DNA sequencing. The resultant
sequencing of each product was uploaded to the BLAST
website (https://blast.ncbi.nlm.nih.gov/Blast.cgi) for com-
parison with the NCBI database.

2.8. Real-Time Quantitative Polymerase Chain Reaction (qRT-
PCR) Primer Design. All primers were designed manually and
had an amplicon size below 175bp to facilitate qRT-PCR
amplification. Each primer was 20 nucleotides in length and
included 50% G/C to prevent the internal secondary structure
that was expected. To avoid the creation of primer dimers, the
forward and reverse primers lacked significant complementar-
ity at their 3’ ends and melted at the same temperature. To
guarantee primer specificity, a BLAST search was performed
on them. Commercially available primers were produced
(Macrogen Inc., South Korea), and their sequences are pre-
sented in Table 2. The stock primers were diluted to a final
concentration of 10pmol using sterile distilled water.

2.9. The qRT-PCR Setup. The qRT-PCR tests were per-
formed according to the manufacturer’s instructions using
the iTaq Universal SYBR Green Supermix (Bio-Rad;

1725120, Hercules, CA, USA). The volume was then
adjusted to 10μL on a 96-well plate by adding 5μL of SYBR
Green Supermix, 2μL of cDNA (200ng), 0.25μL of each
primer, and lastly water. Three duplicate samples were
amplified utilizing a 30-second predenaturation step at
95°C, followed by 40 cycles of 15-second denaturation at
95°C, 30-second primer annealing at 58°C, and 15-second
extension at 95°C. Following the completion of the 40 cycles,
a melting curve study was conducted. GAPDH was utilized
as a positive control to normalize the qRT-PCR results.
qRT-PCR was performed using a QuantStudio 7 Flex Real-
time PCR System (Applied Biosystems, Hercules, CA, USA).

2.10. Statistical Analyses. Statistical analysis was conducted
using SPSS version 22 (SPSS Inc., Chicago, USA). The com-
parisons between the expressions of MAGE-B genes in NC
and CC groups and MAGE-B1 gene in the untreated and
treated of HCT116 cell lines were analyzed using an
unpaired Student’s t-test. The findings were provided as
average ± SD. All P values were statistically significant
(∗P < 0:05 and ∗∗P < 0:01).

3. Results

3.1. Clinical Data on the Studied Subjects. Table 3 summa-
rizes the demographic and clinical features of the study par-
ticipants. The mean age of the 10 CC patients on diagnosis
was 57 years (range: 24 to 83 years). Fifty percent of CC
patients were under the age of 57, and 50% were over the
age of 57.

3.2. Expression Profile of MAGE-B Genes in CC and Matched
Adjacent NC Tissues. In this paper, the expressions of six
members of the MAGE-B family (MAGE-B1, MAGE-B2,

Table 1: Primer sequences and their expected product sizes for ACTB, MAGE-B family, and SSX2 genes.

Official gene
Primer direction and sequence (from 5’➔3’) Ta Product size (bp)

Symbol Full name

ACTB Actin beta
Forward: AGAAAATCTGGCACCACACC

58

553
Reverse: AGGAAGGAAGGCTGGAAGAG

MAGE-B1 MAGE family member B1
Forward: CAGGAATGCTGATGCACTTC

524
Reverse: GAGGACTTTCATCTTGGTGG

MAGE-B2 MAGE family member B2
Forward: CACTGAAGCAGAGGAAGAAG

467
Reverse: GGTCTACCTTGTCGATGAAG

MAGE-B3 MAGE family member B3
Forward: GACTCCTATGTCCTTGTCAG

464
Reverse: GCACTACTGCCATCATTGAG

MAGE-B4 MAGE family member B4
Forward: TCTTTGGCCTTGCCTTGAAG

524
Reverse: GGAATACGCACTAGTCATGG

MAGE-B5 MAGE family member B5
Forward: CAGTAGAGATGAGGAGTACC

472
Reverse: GGGCTCTCCATAGATGTAGT

MAGE-B6 MAGE family member B6
Forward: GCGCTTAAGCAAAGATGCTG

473
Reverse: GCCGGTAAACCACGTACTTA

SSX2 SSX family member 2
Forward: CAGAGAAGATCCAAAAGGCC

407
Reverse: CTCGTGAATCTTCTCAGAGG

Abbreviations: Ta: temperature of annealing for each gene; bp: base pair.
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MAGE-B3, MAGE-B4, MAGE-B5, and MAGE-B6) were
investigated in different samples of CC and their matching
NC samples. The RT-PCR validation process began with
the identification of MAGE-B family genes in various RNAs
extracted from 10 NC tissues to determine their testis spec-
ificity. Testis cDNA was synthesized from total RNA of
human testis and used to verify the primers for each
MAGE-B gene (Thermo Fisher Scientific; AM7972). The
ACTB gene expression was utilized as a positive control to
determine that the cDNA was of acceptable quality.

In this study, no expression of MAGE-B1 was detected in
NC (Figure 1, left side), whereas 60% of CC displayed its
expression (Figure 1, right side). The transcriptional level of
MAGE-B2, MAGE-B3, MAGE-B4, MAGE-B5, and MAGE-B6
was faintly seen in 40%, 50%, 40%, 30%, and 60% of NC,
respectively (Figure 1, left side). However, 70%, 90%, 60%,
50%, and 90% of CC, respectively, showed strong induction
of MAGE-B2, MAGE-B3, MAGE-B4, MAGE-B5, and MAGE-
B6 expression consecutively (Figure 1, right side). Further-
more, this study analyzed the positive (the case was designated
as positive if a band was found) expressions for genes from
MAGE-B2 to MAGE-B6 in NC and CC tissues. Only MAGE-
B3 showed a statistically significant positive expression in
CC compared with NC tissues (P = 0:0543, Table 4). Intrigu-
ingly, because MAGE-B1 was not expressed in any of the
matched NC tissues but was expressed in 60% of CC tissues
(P = 0:0017, Table 4), it might be regarded a potential CT gene
marker and could be used for early CC diagnosis. A total of
three CC samples selected at random from MAGE-B1 that
had positive findings were sequenced to confirm the RT-
PCR results.

3.3. Epigenetic Modification of MAGE-B1 Expression in
HCT116 and Caco-2 Cell Lines. The DNA methylation status
controls and regulates the expression of many CT genes at
the promoter level [29]. Thus, HCT116 and Caco-2 cell lines
were subjected to a methylation-modifying agent, 5-aza-2’

-deoxycytidine, to investigate the effect of DNA demethyla-
tion on the MAGE-B1 gene expression status. For 48 or 72
hours, three different doses of 5-aza-2’-deoxycytidine (1.0,
5.0, and 10.0μM) were employed. Because the drug was dis-
solved in DMSO, both cell lines were treated with DMSO to
compare gene expression. Additionally, untreated HCT116
and Caco-2 cells were employed as negative controls to eval-
uate MAGE-B1 gene expression in treated and untreated
cells. The normal testis was used as a positive control for
primer efficacy, whereas the ACTB gene was used to deter-
mine the quality of cDNA. SSX2 is a well-characterized CT
gene that was utilized as a positive control to assess its
expression. The expression of theMAGE-B1 gene was deter-
mined first by RT-PCR and then by qRT-PCR, as shown in
Figures 2 and 3.

RT-PCR results shows thatMAGE-B1 expression was not
observed in untreated or DMSO-treated HCT116 cells after 48
or 72 hours of treatment. However, the band intensities of this
gene were significantly greater in HCT116 and Caco-2 cells
treated with three different doses of 5-aza-2’-deoxycytidine
than in untreated cells after 48 and 72 hours of treatment.

qRT-PCR was also performed to determine whether RT-
PCR results correlates with qRT-PCR results for MAGE-B1
expression in HCT116 cells following treatment with 1.0,
5.0, and 10.0μM of 5-aza-2’-deoxycytidine. Notably, the
expression of MAGE-B1 was significantly increased after 48
and 72 hours of exposure to the three doses of 5-aza-2’

-deoxycytidine in comparison to cells treated with DMSO
(Figure 3). The highest expression of MAGE-B1 mRNA
was detected after treating HCT116 cells with 10.0μM 5-
aza-2’-deoxycytidine for 48 and 72 hour. Taken together,
these findings indicated that the MAGE-B1 expression can
be upregulated by the demethylating agent.

4. Discussion

CC is a leading cause of mortality in Saudi Arabia, affecting
predominantly elderly persons. Nonetheless, it now affects
people of all ages [6, 35]. As a result, biomarkers for the early
stages of CC must be found to reduce death and mortality
rates [6, 7]. The MAGE gene produces CT antigens, which
are expressed preferentially in a variety of human malignan-
cies but not in normal tissues [36]. However, the MAGE-B
gene expression profiles in Saudi populations with CC are
unclear. As a result, this research sought to obtain a better
understanding of the MAGE-B gene expression patterns
and their epigenetic regulation.

Table 2: Primer sequences and their expected product size for qRT-PCR.

Official gene
Primer direction and sequence (from 5’➔3’) Ta∗ Product size

Symbol Full name

GAPDH Glyceraldehyde-3-phosphate dehydrogenase
Forward: GGGAAGCTTGTCATCAATGG

58

173 bp
Reverse: GAGATGATGACCCTTTTGGC

MAGE-B1 MAGE family member B1
Forward: GAAGGCAGATATGCTGAAGG

125 bp
Reverse: CACTAGGGTTGTCTTCCTTC

Abbreviations: Ta: temperature of annealing for each gene; bp: base pair.

Table 3: Clinical characteristics of the research participants.

Clinical parameters
CC

N (%)
NC

N (%)

Participants 10 (100%) 10 (100%)

Mean of age (min-max) 57 (24-83)

Below 57 5 (50%) 5 (50%)

Above 57 5 (50%) 5 (50%)

Abbreviations: CC: colon cancer; NC: normal colon; N : number of samples.

4 BioMed Research International
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In this study, RT-PCR was used to analyze MAGE-B
family genes in CC tissues and neighboring NC tissues.
Any genes that were expressed in CC tissues but not in NC
tissues might serve as a biomarker for early diagnosis and
treatment (such as immunotherapy) of CC in the Saudi pop-
ulation. Immunotherapy for cancer has demonstrated long-
term outcomes in individuals with advanced illness, which
are not observed with the conventional treatment of chemo-
therapy [37].

In this work, RT-PCR was used to validate MAGE-B
family genes in various Saudi CC tissues compared with
their neighboring NC tissues. For the first time, this paper
demonstrated that the MAGE-B2, MAGE-B3, MAGE-B4,
MAGE-B5, and MAGE-B6 genes exhibited PCR products

that were distinct from those seen in NC tissues. However,
the band intensities in CC tissues were stronger than in
NC tissues. Additionally, the positive MAGE-B3 expression
in CC tissues was more statistically significant than in NC
tissues. This pattern was also found in prior studies on
MAGE-B2 and MAGE-B3 gene expressions in esophageal
cancer cell lines [25] and in Taiwanese patients with colorec-
tal cancer [22], consistent with findings in this study. In
comparison, MAGE-B1 was found as a viable candidate for
CC markers in the Saudi population because it was
expressed in a variety of 60% CC samples but not in NC
samples. However, because the sample size was small in that
study, more research is required to elucidate the expression
of MAGE-B genes in different types of malignancies. In a
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Figure 1: Expression profile of MAGE-B genes in CC and matched adjacent NC tissues. The MAGE-B1, MAGE-B2, MAGE-B3, MAGE-B4,
MAGE-B5, andMAGE-B6 genes were examined on 1% agarose gels. Total RNA from 10 NC tissues (left side) and 10 CC tissues (right side)
was used to make cDNAs. Testis cDNA was used to validate the primers for each gene. As a positive control for the cDNA samples, ACTB
expression was used. The expected size of each gene’s product is indicated on the left between brackets.

Table 4: Positive expression of MAGE-B genes in NC and CC tissues.

MAGE-B genes Number of positive expression in NC (%) Number of positive expression in CC (%) P value

MAGE-B1 0 (0) 6 (60) 0.0017∗∗

MAGE-B2 4 (40) 7 (70) 0.1963

MAGE-B3 5 (50) 9 (90) 0.0543∗

MAGE-B4 4 (40) 6 (60) 0.3978

MAGE-B5 3 (30) 5 (50) 0.3880

MAGE-B6 6 (60) 9 (90) 0.1345

Abbreviations: NC: normal colon cancer; CC: colon cancer. Note: values in bold represent a significant result as ∗P < 0:05 and ∗∗P < 0:01.
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previous work, a similar result was detected for MAGE-B1
mRNA in approximately 45% of hepatocellular carcinoma,
whereas it was not detected in the neighboring normal liver
tissues [26]. This is most likely related to the activation of
CT genes in cancer. Demethylation, for example, can result
in the activation of previously identified CT genes in can-
cer [33].

In malignancies, the regulatory mechanisms that con-
trol expression of MAGE-B genes remain unclear. How-
ever, DNA methylation has been found to regulate in
MAGE-A gene expressions [36]. De Smet et al. demon-
strated that demethylation of the CpG sites in promoter
of MAGE-A1 gene is correlated with high levels of gene
transcription [38]. To determine whether DNA methyla-

tion inhibition induces MAGE-B1 expression, HCT116
cells were treated for 48 or 72 hours with various concen-
trations of 5-aza-2’-deoxycytidine. In this study, it was
demonstrated that 5-aza-2’-deoxycytidine treatment of
HCT116 cells induces MAGE-B1 expression, indicating
that DNA methylation plays a role in the regulation of
this gene. Although there are no previous studies on the
correlation between genetic hypomethylation and MAGE-
B1 expression, these findings will be interesting and are
in accordance with those found in other reports on
MAGE-A family genes [31, 39, 40].

In this study, MAGE-B1 was identified as a gene bio-
marker for the early detection of CC, which might help in
the screening of potential CC candidates. However, the pres-
ent study includes weaknesses. First, only ten samples from
CC patients were used, and the results must be replicated
with larger number of samples. Second, it was unable to
determine the protein levels of the putative MAGE-B1 genes
in CC due to a shortage of samples.

5. Conclusions

The expression patterns of MAGE-B family genes in CC and
NC tissues were examined to determine whether any
MAGE-B gene biomarkers might assist in the early detection
of the disease. The mRNA expression of the MAGE-B1 gene
was found in 60% of individuals with CC but not in nearby
NC tissues. The pattern of expression of this gene in CC
samples implies that it might be employed as a biomarker
for malignancy. Additional studies at the protein level and
with a bigger cohort of patients are required to validate this
finding. Furthermore, it was identified that hypomethylation
has a fundamental role in activating MAGE-B1 gene
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efficiency of the MAGE-B1 gene. HCT116 and Caco-2 cells were treated with DMSO as a control, as DMSO was utilized to prepare the 5-
aza-2’-deoxycytidine solution. As a positive control for the cDNA samples, ACTB expression was used. The expected size of each gene’s
product is indicated on the left between brackets.
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Figure 3: qRT-PCR analysis of MAGE-B1 expression in the
HCT116 cell line. The gene expression data for MAGE-B1 in the
HCT116 cell line is shown in the bar chart. The GAPDH
reference gene was used to normalize the expression data. The
error bars indicate the standard error of the mean for three
repeats (∗P < 0:05 and ∗∗P < 0:01). N denotes the number of
samples.
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expression. This observation indicates that its expression is
upregulated and could play a crucial role in the genesis
and progression of CC.
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The somatotropic axis consists of genes associated with economic traits like muscle growth and carcass traits in livestock. Insulin-
like growth factor binding proteins (IGFBPs) are the major proteins that play a vital role in the somatotropic axis. The present
study performed a genome-wide characterization of IGFBP genes in cattle. Genomic sequences of the IGFBP gene family for
different mammals (cattle, buffalo, goat, and sheep) were recovered from the NCBI database. Sequence analyses were
performed to investigate cattle’s genomic variations in the IGFBP gene family. Phylogenetic analysis, gene structure, motif
patterns, and conserved domain analysis (CDA) of the IGFBP family revealed the evolutionarily conserved nature of the IGFBP
genes in cattle and other studied species. Physicochemical properties of IGFBP proteins in cattle revealed that most of these
proteins are unstable, hydrophilic, thermostable, and acidic. Comparative amino acid analysis revealed variations in all protein
sequences with single indels in IGFBP3 and IGFBP6. Mutation analysis revealed only one nonsynonymous mutation D212>E
in the IGFBP6 protein of cattle. A total of 245 nuclear hormone receptor (NHRs) sites were detected, including 139 direct
repeats (DR), 65 everted repeats (ER), and 41 inverted repeats (IR). Out of 133 transcription factors (TFs), 10 TFs (AHR,
AHRARNT, AP4, CMYB, E47, EGR2, GATA, SP1, and SRF) had differential distribution (P value < 0.05) of putative
transcriptional binding sites (TFBS) in cattle compared to buffalo. Synteny analysis revealed the conserved nature of genes
between cattle and buffalo. Two gene pairs (IGFBP1/IGFBP3 and IGFBP2/IGFBP5) showed tandem duplication events in cattle
and buffalo. This study highlights the functional importance of genomic variation in IGFBP genes and necessitates further
investigations better to understand the role and mechanisms of IGFBPs in bovines.

1. Introduction

IGFBPs are cysteine-rich proteins with high essential amino
acid sequence similarity. Almost six mammalian types of
IGFBPs commonly exist, ranging from IGFPB1 to 6. They
can bind insulin-like growth factor (IGF) growth with a very
high affinity [1]. IGF-independent activities of IGFBPs sig-
nificantly affect biological procedures, including angiogene-
sis or cell proliferation [1, 2]. The expression of IGFBP is
controlled by various physiological conditions such as exer-
cise, nutrition, and pregnancy. IGFBPs are used as a bio-

marker for improving husbandry conditions, health status,
phenotype selection, or disease analysis in farm animals [3].

IGFs are the most important polypeptides in mammals
that control body growth, metabolism, mitosis, and cell dif-
ferentiation [4, 5]. IGFs have a galactopoietic role and stim-
ulate the development and growth of the mammary glands
[6]. IGFBPs are a member of a family of six homologous pro-
teins that always bind with IGFs. They control most of the
biological activities (metabolism and growth). Based on
amino acid similarity analysis, IGFBP1 is more closely
related to IGFBP2 than to IGFBP3, which in turn is more
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closely associated with IGFBP5 [1]. IGFBP3 induces cell pro-
liferation or apoptosis (programmed cell death) in various
cells [7]. Lower levels of IGFBP2 in estrogen-dominant
bovine follicles are not attributable to enhanced proteolysis;
lower levels of IGFBP4 and 5 are most likely to exhibit pro-
tease activity [8]. IGFBP4 protease plays a significant role in
developing dominant ovarian follicles [9]. IGFBP6 levels, on
the other hand, were shown to rise with age [10].

The IGFBP3 is a direct growth inhibitor and a regulator
of IGF bioactivity in extravascular tissues [11]. IGFBP3 was
the primary component of six IGFBPs in mammalian circu-
lation [12]. In plasma, it is associated with more than 90% of
IGFs [13]. The IGFBP3 gene is present on chromosome 4 in
cattle [14] and is 8.9 kb in length, having five exons [15]. The
IGFBP3 is involved in various body functions, including
metabolism, immunity, growth, energy balance, and repro-
duction. Due to the primary role of IGFBP3 in animal
growth and maturity, the IGFBP3 gene is considered a can-
didate gene and a good marker for production and growth
traits [16].

The development of the IGFBP gene family has been
attributed to repetitive chromosomal duplications. Accord-
ing to thorough sequence analysis, sequence-based phyloge-
nies, and chromosomal information, the ancestral chordate
IGFBP gene experienced a localized gene duplication, form-
ing a gene pair close to a HOX cluster [17]. The IGFBP gene
family follows the six IGFBP types in today’s placental mam-
mals due to 2 basal vertebrate tetraploidization. Many
IGFBP genes have survived despite that the gene family’s
ancient expansion strongly implies that each gene gained
different and significant functions early in mammal evolu-
tion [17].

The genomic characterization of the IGFBP gene family
is necessary to provide insights into genetic variation in dif-
ferent IGFBP genes and their comparative physiological role
in production performance in cattle. Moreover, identifying
transcription binding sites and nuclear receptors can help
better comprehend the regulation of IGFBP genes in cattle.
Therefore, the present study was planned for the genomic
characterization of the IGFBPs in cattle to elucidate nucleo-
tide sequence variations.

2. Materials and Methods

2.1. Identification of IGFBP Genes in Cattle. The cattle (ARS-
UCD1.2), buffalo (UOA_WB_1), sheep (Oar Rambouillet_
v1.0), and goat (ARS1) genomes, proteomes, and annotation
data were retrieved from the National Center for Biotechnol-
ogy Information (NCBI) genome database [18] aiming at
identifying IGFBP genes in cattle. The GenBank accession
number of each member of the IGFBP gene family of every
species is listed in supplementary Table S1. To validate all
potential IGFBP genes in cattle at a genome-wide level,
both the basic local alignment search tool (BLAST) and the
hidden Markov model (HMM) searches were carried out.
The buffalo (Bubalus bubalis), goat (Capra hircus), and
sheep (Ovis aries) IGFBP (insulin-like growth factor
binding protein) sequences were also validated from the
UniProt database [19].

The sequences were submitted to BLASTp, with a
threshold of e value = 10−5, using the BLOSUM62 matrix,
which had a word size of six, a gap cost of eleven, an exten-
sion of one, and an adjustment for the conditional composi-
tional score matrix. The cattle dataset was also searched with
the HMMER [20] program using the HMM profile of the
IGFBP domain (PF00219) from the Pfam database with an
e value threshold of 1:0 × e−5. Duplicated sequences were
excised after retrieving the necessary protein sequences to
avoid ambiguity. These nonredundant sequences were
examined using the Simple Modular Architecture Research
Tool (SMART) to validate the presence of domains in the
IGFBP protein sequences [21]. The conserved protein
domains in the cattle IGFBP family were compared with
the NCBI’s conserved domain database (CDD).

2.2. Phylogenetic Analysis. ClustalW (protein sequence align-
ment tool) was used to align the amino acid sequences of
IGFBP from cattle, buffalo, goats, and sheep. The aligned
sequences were utilized to create a neighbour-joining (NJ)
phylogenetic tree of the IGFBP gene family by the MEGA7
program, using a Poisson model with pairwise deletion and
a bootstrap value of 1000 replicates.

2.3. Structural Feature Analysis. The MEME suite [22] was
used to analyze the conserved motifs in the dataset. The
IGFBP protein sequences were provided in FASTA format
as a query, and a site distribution was chosen for each
sequence with one occurrence of each site. The minimum
and maximum widths of motifs were 6 and 50, respectively.
The number of motifs was set as 10. All CDs and genomic
sequences were imported into the Gene Structure Display
Server 2.0. (GSDS) [23]. Then, the final gene structure was
displayed and visualized using the cattle genome annotation
file in general feature format (GFF) using in-house scripts in
the TBtools software.

2.4. Characterization of Physicochemical Properties of IGFBP
Proteins. The ProtParam was used to describe physical and
chemical characteristics of IGFBP proteins, such as molecu-
lar weight (MW), amino acid number, isoelectric point (pI),
aliphatic index (AI), instability index (II), and grand average
of hydropathicity (GRAVY) as described, previously [24,
25].

2.5. Multiple Sequence Alignment. In order to identify indels
and illustrate sequence variations in the IGFBP protein
sequence, the Multiple Align Show [26] tool was used to per-
form multiple sequence alignment of the IGFBP protein
sequences.

2.6. Mutation Analysis. The mutations observed in the pro-
tein sequences of four species were further analyzed through
different online tools (PolyPhen-2, MUpro, PROVEAN, I-
Mutant, PhD-SNP, SIFT, SNAP2, PredictSNP, Meta-SNP,
and SNAP) to look for their impacts on protein structure
and functions. Further, the 3-dimension structures of
IGFBP6 genes of cattle, buffalo, goat, and sheep were pre-
dicted through MODELLER and the quality of the structures
was checked in SAVES server through ERRAT, Verify 3D,
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PROVE, PROCHECK, and Whatceck. The Ramachandran
plot showed mostly residues in allowed regions. No residue
was present in the disallowed region. To calculate the RMSD
value, the mutated cattle IGFBP6 protein structure was
aligned against protein structures of IGFBP6 genes of buf-
falo, goat, and sheep in Moe 2021 (https://www.chemcomp
.com/Products.htm) software to know the structural similar-
ities and deviations.

2.7. Detection of TF Binding Sites. Detection of possible sig-
nals for a putative transcription binding factor was accom-
plished using the Promoter 2.0 prediction server [27]. As
input, cattle and buffalo genomic sequences were provided
in FASTA format. The site with a higher score (>1.0) is a
probable predicted site. TFBIND [28] was used to find the
sequence of 100 bp upstream from the increased likelihood
predicted location, which was obtained and entered into
the program. The weight matrix of the transcription factor
database TRANSFAC R.3.4 was used to identify transcrip-
tion factor binding sites.

2.8. Nuclear Hormone Receptor Site Identification. Further,
for the prediction of nuclear hormone receptor binding sites,
the NHR scan [29] was employed using genomic sequences
in FASTA format. The cumulative probability of entering
match states was 0.01 using the NHR scan.

2.9. Synteny Analysis. The whole genomes of cattle and buf-
falo were blasted to each other to identify collinear genes.
TBtools was used to construct the dual-synteny plot, which
was created by providing annotation files for both genomes,
including information about collinear genes and chromo-
somal IDs.

Chromosomal locations of buffalo IGFBP genes were
acquired from their genome resources. A genome annota-
tion file with a general feature format (GFF) was given as
an input to the MCScanX program [30] to map the physical
locations of genes on chromosomes and then visualized in
TB tools. Furthermore, the buffalo and cattle dual-synteny
plots were plotted for IGFBP gene collinearity. Additionally,
pairwise alignment of homologous gene pairs of IGFBP
genes using MEGA7 [31] with the MUSCLE algorithm was
used to assess the occurrences of duplications for the buffalo
IGFBP gene family. The DnaSP v6.0 [32] software was also
used to calculate pairwise synonymous substitutions per
synonymous site (Ks) and nonsynonymous substitutions
per nonsynonymous site (Ka) adjusted for multiple hits.

3. Results

3.1. Phylogenetic Analysis. The molecular phylogenetic study
of representative species indicated that all of the IGFBP gene
sequences were classified into seven types: IGFBP1, IGFBP2,
IGFBP3, IGFBP4, IGFBP5, IGFBP6, and IGFBP7 (Figure 1).
All seven genes were grouped into three sister clades. From
top to bottom, clade 1 included IGFBP2, -4, and -1; clade 2
included IGFBP6, -3, and -5; and clade 3 included IGFBP7.
Overall, phylogenetic analysis of the IGFBP gene family
revealed that the Bos taurus is more closely related to Buba-
lus bubalis in all IGFBP gene family groups except IGFBP7

where it was distantly related. Similarly, Capra hircus is
more closely associated with Ovis aries except for IGFBP2
and IGFBP7 where it was distantly related (Figure 1).

3.2. Structural Categorization of the IGFBP Gene Family. The
investigation of gene organization, motif patterns, and con-
served domains in the IGFBP gene family in four studied
species was also carried out to undertake structural charac-
terization of the IGFBP gene family while considering their
evolutionary connections (Figures 2(a)–2(d)). The top ten
MEME-conserved motifs in the IGFBP genes were analyzed
(Table 1). The MEME1 motif with a 41 amino acid sequence
length was annotated as the Thyroglobulin_1 domain, while
the MEME2 motif with a 50 amino acid sequence length was
annotated as the IB (insulin growth factor-binding protein
homologs) domain after Pfam search. Further, conserved
domain analysis for all genes revealed Ig superfamily and
Kazal domains (Figure 2(c)). Identified conserved domains
were further confirmed using the CDD BLAST in NCBI. A
gene structural analysis revealed that cattle IGFBP genes in
the same group had a similar number of introns and exons,
even though the untranslated regions (UTRs) upstream and
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Figure 1: Molecular phylogenetic analysis of the IGFBP gene
family (IGFBP1 to IGFBP7) in Bos taurus, Bubalus bubalis, Capra
hircus, and Ovis aries.
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Figure 2: Phylogenetic relationships, gene structure, motif patterns, and conserved domain regions of the IGFBP gene family in Bos taurus,
Bubalus bubalis, Capra hircus, and Ovis aries. (a) Phylogenetic relationship of 7 IGFBPs. (b) Motif pattern. (c) Conserved domain regions of
the IGFBP gene family. (d) Gene structure of IGFBPs. Ten putative motifs are indicated in different colored boxes.

Table 1: Top ten differentially conserved motifs detected in the IGFBP (IGFBP1, IGFBP2, IGFBP3, IGFBP4, IGFBP5, IGFBP6, and IGFBP7)
gene family.

Motif Protein sequence Length Pfam domain

MEME1 YALYJPNCDKKGFYKKKQCKPSLGGKRGLCWCVDKYGGKLP 41 Thyroglobulin_1

MEME2 PGCGCCATCALREGQPCGVYTPRCAQGLRCYPPPGEEKPLHALLHGRGVC 50 IB

MEME3 SESRQETEQGPCRRELEKVLZRLKAEQLR 29 —

MEME4 TAGAGEVVRCEPCDEEALARCPPPPGSPP 29 —

MEME5 SEKIDGDPZCHTFDN 15 —

MEME6 PPLLLALLLAA 11 —

MEME7 KVFREKVTPIHVSMGSGGKKH 21 —

MEME8 ESTESGEIEEN 11 —

MEME9 RASADYVLLAEQLAA 15 —

MEME10 VERGSDEH 8 —
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downstream of the gene structure differed significantly
between them (Figure 2(d)). However, different IGFBP genes
displayed a differential distribution of introns and exons in
their coding regions.

3.3. Physicochemical Properties of the IGFBPs. The physico-
chemical characteristics of the IGFBP gene in cattle were evalu-
ated in terms of their location on the chromosome, exon count,
molecular weight (Da), number of amino acids (A.A) in each
peptide, aliphatic index (AI), isoelectric point (pI), instability
index (II), and grand average of hydropathicity index (GRAVY)
(Table 2). IGFBP1 and IGFBP3 were discovered on chromo-
some 4, IGFBP2 and IGFBP5 on chromosome 2, IGFBP4 on
chromosome 19, IGFBP6 on chromosome 5, and IGFBP7 on
chromosome 6 in the region between 250kb, which contains
a variable number of exons and a variable number of length
of the gene with amino acid residues. The IGFBPs had a molec-
ular weight ranging from 24 to 34kDa. The IGFBPs in cattle
were unstable but thermostable proteins, as shown by the pres-
ence of values greater than 60 for the aliphatic index of all
IGFBPs. The pI values also indicated that the IGFBP1 protein
is a slightly acidic peptide but the other IGFBP proteins
(IGFBP2, IGFBP3, IGFBP4, IGFBP5, IGFBP6, and IGFBP7)
are basic peptides in nature. The IGFBPs in cattle were unstable
except for IGFBP2, which showed an instability index value
smaller than 40. All proteins were thermostable due to higher
values of the aliphatic index. Lower GRAVY values suggested
cattle’s hydrophilic nature of IGFBP proteins (Table 2).

3.4. Comparative Amino Acid Analysis of IGFBP. Compara-
tive amino acid analysis of targeted species revealed 2 short
indels in the IGFBP gene family, including a single indel in
IGFBP3 and a single indel in IGFBP6 (Figure S1A–S1G).

In the IGFBP1, a single amino acid variation was
observed at positions L40>M and I249>V in Bos taurus,
Q19>H in Bubalus bubalis, and L14>P and E226>D in
Ovis aries. Comparatively, amino acids A, R, and K were
observed at positions 146, 166, and 254, respectively, in
Bos taurus and Bubalus bubalis, while amino acids T, K,
and Q were observed at the same positions, respectively, in
Capra hircus and Ovis aries (Figure S1A).

In the IGFBP2, a single amino acid variation was
observed at positions A58> S and H145>Q in Bubalus
bubalis, E130>V, M233>V, and E304>G in Capra hircus,

and L150>Q, S175>F, and G176>R in Ovis aries
(Figure S1B).

Only one indel was observed in IGFBP3 in Bos taurus, at
position 132> 133. A single amino acid variation was
observed at position A17>T in Bos taurus, A34>T in Buba-
lus bubalis, A61>T in Capra hircus, and E79>V and
L232>P in Ovis aries. Comparatively, amino acids Q, R, S,
S, S, H, V, F, P, R, H, M, G, G, D, Y, and M were observed
at positions 107, 126, 134, 136, 158, 160, 164, 167, 169,
208, 225, 231, 236, 276, 278, 288, and 290, respectively, in
Bos taurus and Bubalus bubalis, while amino acids H, S, P,
P, T, R, D, S, L H, D, T, A, F, S, L, and T were observed at
the same positions in Capra hircus and Ovis aries. Addition-
ally, amino acid M was observed at position 32 in Bos taurus
and Bubalus bubalis, while amino acids A and V were
observed at the same position in Capra hircus and Ovis aries,
respectively. Similarly, amino acids L and A were observed at
positions 156 and 170, respectively, in Capra hircus and Ovis
aries. In contrast, amino acids G and V were observed at
position 156 in Bos taurus and Capra hircus, respectively,
and amino acids I and V were regarded at position 170 in
Bos taurus and Bubalus bubalis, respectively (Figure S1C).

In IGFBP4, single amino acid variation was observed at
positions V7>M in Bos taurus, A161>C and P162>T in
Bubalus bubalis, and A8>T in Ovis aries. Two amino acid
variations were seen at position 166 in the targeted species.
Comparatively, amino acid A was observed at position 166
in Bos taurus and Bubalus bubalis, while amino acid V was
regarded at the same position in Capra hircus and Ovis aries
(Figure S1D).

In IGFBP5, single amino acid variation was observed at
positions P16> S and E185>K in Bos taurus and G258>R
in Capra hircus. Comparatively, amino acid M was observed
at position 182 in Bos taurus and Bubalus bubalis, while
amino acid L was observed at the same position in Capra
hircus and Ovis aries (Figure S1E).

In IGFBP6, one indel was observed at position 46 in
Capra hircus and Ovis aries. Single amino acid variation
was observed at positions D212>E in Bos taurus, N147> S
in Bubalus bubalis, G103>V in Capra hircus, and Q97>R,
G190>D, and S235>G in Ovis aries. Comparatively, amino
acid S was observed at positions 144 and 146 in Bos taurus
and Bubalus bubalis, while amino acid V and P were
observed at the same positions in Capra hircus and Ovis
aries, respectively (Figure S1F).

Table 2: Physicochemical characteristics of the IGFBP gene family in cattle.

Gene Chromosome Exon count MW (Da) A.A pI AI II GRAVY

IGFBP1 4 4 28794.05 263 6.33 75.02 54.07 −0.295
IGFBP2 2 4 34014.92 317 7.13 72.02 36.20 −0.521
IGFBP3 4 5 31570.09 291 9.03 56.05 47.67 −0.636
IGFBP4 19 4 27890.00 258 7.10 70.00 46.51 −0.483
IGFBP5 2 4 30313.96 271 8.72 61.22 51.81 −0.632
IGFBP6 5 5 24966.92 237 8.73 51.10 63.20 −0.781
IGFBP7 6 5 29078.28 282 8.25 77.84 46.77 −0.193
MW: molecular weight in Daltons; A.A: number of amino acids; pI: isoelectric point; AI: aliphatic index; II: instability index; GRAVY: grand average of
hydropathicity index.
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positions P5>L, L21>P, R78>G, V229>A, and Q256>R
in Ovis aries. Comparatively, amino acid R was observed at
position 95 in Bos taurus and Ovis aries, while amino acid
K was observed at the same position in Bubalus bubalis
and Capra hircus (Figure S1G).

3.5. Mutation Analysis. After the comparative amino acid
analysis, the mutations observed were further analyzed using
online tools to predict their effects on protein structures and
functions. The results differed for different tools (Table S2).
For all the mutations, the overall impact was neutral
(synonymous mutations) except for position D212E in
IGFBP6 protein in cattle, which was found damaging
(nonsynonymous).

Further, the mutated cattle IGFBP6 protein structure was
superimposed against IGFBP6 protein structures of buffalo,
goat, and sheep to know the structural similarities and differ-
ences (Figure S2A-S2C) and the root means square deviation
(RMSD) values were calculated (Table 3). The RMSD values
were less than 2Å for all superimposed structures. “Cattle
and goat” had zero RMSD values showing the identical
structure, following the “cattle and buffalo” (0.073) and
“cattle and sheep” (0.171) (Table 3).

3.6. Transcription Factor Binding Sites. The putative tran-
scription factor binding sites (TFBS) were observed for
IGFBP genes in cattle and buffalo. 133 transcriptional factors
(TFs) were screened for differential distribution of TFBS, out
of which only 10 TFs (AHR, AHRARNT, AP4, CMYB, E47,
EGR2, GATA, SP1, and SRF) were found to have the high
differential distribution of TFBS. Both cattle and buffalo
had a variable number of binding sites for most TFs
(Table S3).

3.7. NHR Sites in IGFBP. The pattern of NHR (nuclear hor-
mone receptor) sites in the IGFBP gene family in cattle was
investigated using the genomic sequence of the Bos taurus.
245 NHR sites were identified in the cattle IGFBP gene fam-
ily (Figure S3). Moreover, the identified NHRs in IGFBP1,
IGFBP2, IGFBP3, IGFBP4, IGFBP5, IGFBP6, and IGFBP7
were 6, 50, 12, 26, 28, 6, and 117, respectively. In total, 139
direct repeats (DR) and 65 everted repeats (ER) were
found in the cattle IGFBP genes which are prominently
used by type II receptors (RXR) and some type III
receptors (orphan receptors) can also use DR. The DR
distributed in IGFBP1, IGFBP2, IGFBP3, IGFBP4, IGFBP5,
IGFBP6, and IGFBP7 were 3, 31, 8, 15, 17, 4, respectively,
and 61 and ER were 3, 13, 2, 3, 6, 0, and 38, respectively.

A total of 41 inverted repeats (IR) were observed in
different IGFBP genes primarily used as the hormonal
response element (HRE) important for steroid receptors.
The IR distributed in IGFBP1, IGFBP2, IGFBP3, IGFBP4,
IGFBP5, IGFBP6, and IGFBP7 were 0, 6, 2, 8, 5, 2, and 18,
respectively.

3.8. Synteny Analysis. Collinearity analysis showed that
IGFBP genes were randomly distributed over 5 chromo-
somes in cattle and buffalo (Figure 3). In cattle, IGFBP genes
were present on chromosomes 2, 4, 5, 6, and 19, whereas
these genes were located on chromosomes 2, 3, 4, 7, and 8
in buffalo. Most genes were present close to the centromere
of chromosomes in cattle.

Gene duplication events were observed in IGFBP family
members of cattle and buffalo using Tb tools (Figures 4(a)
and 4(b)). No segmental duplication was observed in both
species. Tandem duplication was observed between homolo-
gous gene pairs IGFBP1/IGFBP3 and IGFBP2/IGFBP5 for
both species at chromosome positions 4 and 2 for cattle
and 8 and 2 for buffalo, respectively. Further, the ratios of
nonsynonymous substitutions per nonsynonymous site
(Ka) to synonymous substitutions per synonymous site
(Ks) were calculated for these duplication events. The results
indicated that duplicated gene pairs IGFBP1/IGFBP3 and
IGFBP2/IGFBP5 had 0.81 and 0.86 Ka/Ks ratios in cattle
and 0.79 and 0.73 in buffalo, respectively (Table 4).

4. Discussion

Recent developments in genomic sequencing technology,
particularly next-generation sequencing, resulted in the
availability of sequenced genomes for many animal species,
opening new avenues for understanding the genomic archi-
tecture at the molecular level [33]. Comparative genomics
allows for identifying novel genes and the functional compo-
nents underlying the unique traits of different species [34].

4.1. Evolutionary and Phylogenetic Analysis. Understanding
the genetics and evolutionary processes of physiologically
crucial genes, such as the IGFBP gene family in mammals,
is necessary for understanding the regulatory mechanisms
of these genes. Previously, the IGFBP gene family has been
reported to contain six members (IGFBP1–IGFBP6) in ver-
tebrates [1, 17]. Our molecular phylogenetic analysis of the
IGFBP gene family revealed that all the four representative
species contained seven genes (IGFBP1–IGFBP7)
(Figure 1). The Bos taurus was closely related to Bubalus
bubalis, whereas Capra hircus and Ovis aries shared higher
sequence similarities. Our results are also supported by the
study performed in Capra hircus, where Ovis aries and
Capra hircus were closely related evolutionary, whereas Bos
taurus was distantly related [35].

4.2. Structure of the IGFBP Gene Family. The top ten
MEME-conserved motifs were observed in the IGFBP genes
in the present study. The six human IGFBPs ranged in size
between 240 and 328 residues and shared a common struc-
tural organization with two conserved domains separated
by a variable central region. The N-terminal domain

Table 3: Effects of mutations on the IGFBP6 protein structure of
cattle aligned against buffalo, goat, and sheep IGFBP6 protein
structures.

Structure A Structure B RMSD value

IGFBP6 cow (blue) IGFBP6 buffalo (yellow) 0.073

IGFBP6 cow (blue) IGFBP6 goat (cyan) 0.000

IGFBP6 cow (blue) IGFBP6 sheep (green) 0.171
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Figure 3: Synteny plot between cattle and buffalo genomes.
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Figure 4: Continued.

9BioMed Research International



RE
TR
AC
TE
D

contains the primary IGF-binding (IB) site, and the C-
terminal domain is a thyroglobulin type-1 domain [11, 17].
Our study annotated the MEME1 motif with a 41 amino
acid sequence length as the thyroglobulin_1 domain. Previ-
ously, the thyroglobulin_1 domain is present in several pro-
tein families, including IGFBP6, a member of IGFBPs [36].
Thyroglobulin-1 repeats exhibit inhibitory activity against
cysteine proteases and show greater selectivity in their inter-

actions with target proteases. The MEME2 motif with a 50
amino acid sequence length was annotated as IB (insulin
growth factor-binding protein homologs) domain after Pfam
search (Table 1). The presence of thyroglobulin_1 and IB
domains in C-terminal and N-terminal regions, respectively,
suggested that the IGFBPs across all the studied species
remained conserved throughout the evolution. Further, sim-
ilar intron and exon structures of IGFBP genes across all
studied species supported the conserved structural organiza-
tion of IGFBPs. The upstream and downstream UTR struc-
ture considerably varied in different IGFBP genes mainly
attributed to the absence or presence of retroposon elements.

4.3. IGFBP Physicochemical Properties. The physicochemical
properties of the IGFBP gene family in cattle revealed that
their molecular weight ranged from 24 to 34 kDa. The pI
values indicated that all proteins are basic except IGFBP1,
slightly acidic. The instability index (II) reflects the stability
of proteins within the test tube. The II values lower than
40 indicate stable proteins [37]. The IGFBP peptides in cattle
were unstable except for IGFBP2, which showed an
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Figure 4: Gene duplication events in the IGFBP gene family of (a) cattle and (b) buffalo.

Table 4: Analysis of the Ka/Ks ratios for each pair of the duplicated
IGFBP gene pair in cattle and buffalo.

Cow
Gene pairs Chr Duplication Ka Ks Ka/Ks

IGFBP1/IGFBP3 4/4 TD 0.7143 0.8809 0.81

IGFBP2/IGFBP5 2/2 TD 0.6230 0.7288 0.86

Buffalo

Gene pairs Chr Duplication Ka Ks Ka/Ks

IGFBP1/IGFBP3 8/8 TD 0.6848 0.8641 0.79

IGFBP2/IGFBP5 2/2 TD 0.6021 0.8202 0.73
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instability index value smaller than 40. Higher values of AI
reveal the thermostability of globular proteins [38]. The AI
values of IGFBP1, IGFBP2, and IGFBP4 were more than
65, indicating their higher thermostability than IGFBP3,
IGFBP5, and IGFBP6. All proteins were found thermostable
due to higher values of the aliphatic index. GRAVY values
tell about the hydropathic character of proteins [39]. In
our study, negative GRAVY values suggested that cattle’s
IGFBP proteins are hydrophilic.

4.4. Comparative Amino Acid Sequence Analysis. Compara-
tive genomics is a large-scale, integrative method that ana-
lyzes two or more genomes to determine their similarities
and differences and investigate the biology of the individual
genomes. To acquire diverse views on the organisms, com-
parative studies may be carried out at different levels of the
genomes [40].

Comparative amino acid analysis of cattle with buffalo,
goat, and sheep revealed amino acid variations in all IGFBP
protein sequences (Figure S1). Overall, all six proteins were
well conserved in all four analyzed species with a size
range of 263 to 317 amino acid residues. The IGFBP
superfamily was also found conserved in humans with a
size range of 240 to 328 amino acid residues [17].
Deletions were observed in IGFBP3 in cattle at position
132> 133 and in IGFBP6 in goats and sheep at position 46.
Insertions, deletions, and mutations have played an
important role in IGFBP family members’ divergence from
their progenitor [41]. Most of the variations were observed
in the IGFBP3 gene. IGFBP3 is the most common IGF
carrier protein in bovine serum, binding more than 95
percent of the IGF-I and II in circulation [42]. The
nucleotide sequencing study revealed similarity percentages
of 88.54, 89.63, and 95.0 in IGFBP3 gene sequences
between “sheep and cattle,” “sheep and buffalo,” and
“cattle and buffalo,”, respectively [43]. In another study,
sheep’s IGFBP3 gene nucleotide and amino acid sequence
were compared with cattle and buffalo and 90 and 93
percent similarities were observed, respectively [44].

4.5. Mutation Analysis. Mutations can improve the overall
fitness or can damage the structural conformation resulting
in altered functions or being neutral without any change
[45]. Synonymous mutations are those where no change in
amino acid sequence occurs due to nucleotide change, while
nonsynonymous mutations change the protein sequence by
altering the amino acid. In our study, single amino acid var-
iations observed by aligning the sequences of all target spe-
cies were further analyzed to check for their effects on the
protein structure and functions. Only one nonsynonymous
mutation was observed at position D212E in IGFBP6 protein
in cattle using different online tools (Table S1). IGFBP6
protein sequence alignment comparison of human with
rat, mouse bovine, pig, and zebrafish revealed 70–85%
sequence identity [46]. The same amino acid variation was
also recognized in that comparison only for cattle.
Mutations in the protein structure can cause problems in
protein catalytic activity, stability, and interaction with
other molecules [45]. The IGFBP6 role has been

determined in folliculogenesis [47], carcass traits [48], and
305 days in milk yield [49] in cattle. So, a nonsynonymous
mutation in IGFBP6 protein may affect these functions.
The altered expression of the IGFBP6 gene in different
tissues of abnormal cloned cattle was linked with increased
birth weight and other abnormalities [50].

RMSD values quantify the structural similarities between
two or more proteins. The present study showed lower
RMSD values < 2Å, which indicated high structural similar-
ity in the IGFBP6 protein of cattle with buffalo and sheep,
and a zero RMSD value for “cattle and goat” indicated that
the structures are identical in conformation [51]. RMSD is
also one of the methods to quantify the sequence alignment
and evolutionary similarities between the two proteins [52,
53].

4.6. Putative Transcription Factor Binding Sites. A total of
133 TFs were screened for differential distribution of puta-
tive TFBS, out of which 10 TFs were found to have a differ-
ential distribution of binding sites in cattle and buffalo
(Table S3). Aryl hydrocarbon receptor (AhRs) binding
factor sites were found variable in cattle and buffalo. A
study indicated that AhR can suppress the IGF pathway
via upregulation of IGFBP1, resulting in decreased IGFs’
bioavailability [54]. Activator protein 4 (AP4) is also an
important TF and plays an important role in cell
proliferation, cell growth, apoptosis, and metabolism [55].
AP4 binds to the E-box motifs at the IGFBP-2 promoter in
luciferase reporter assays and serves as a transactivator
[56]. C-myb is a member of the myb protein family
involved in cell growth, differentiation, and apoptosis and
acts as a transcriptional transactivator [57]. C-myb is
highly expressed in immature hematopoietic cells and is
known as an oncogene. C-myb was found to regulate the
function of the IGFBP3 gene in leukaemia cells and the
IGFBP5 gene in neuroblastoma cells [58, 59]. Transcription
factor E47 is involved in gene regulation of muscle tissue
differentiation by interacting with MyoD [60]. Specificity
protein 1 (Sp1) is an important binding factor and is
observed to control cell growth and its overexpression
leads to tumour formation [61]. In rats, the TATA-less
promoter for the IGFBP2 gene requires three clustered Sp1
sites for effective transcription [62]. The serum response
factor (SRF) is related to the MADS (MCM1, Agamous,
Deficiens, and SRF) family of proteins and plays an
important role in skeletal muscle growth in adult
mammals [63].

4.7. NHR Patterns in IGFBP. Understanding the complex
biochemical systems that regulate gene transcription is
essential for understanding the information flow from gene
to protein and, as a result, the cell’s dynamics [64]. Nuclear
receptors regulate transcription by attaching DNA
sequences in target genes to hormone response elements
(HREs). These elements are found in regulatory sequences
usually found in the target gene’s 5-flanking region.
Although HREs are frequently located near the main pro-
moter, many kilobases upstream of the transcriptional start
point can also be found in enhancer regions [65]. A single
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NHR frequently affects many genes, and various NHRs may
compete for the same target sites, resulting in target gene
networks that overlap [66]. NHR can also suppress the gene
expression due to competition for the same target site or
binding with negative HREs [65]. The pattern of NHR sites
in the IGFBP gene family in cattle was investigated using
the genomic sequence of the Bos taurus. 245 NHR sites were
found in the cattle IGFBP gene family (Figure S2). In a total
of 139 direct repeats (DR), 65 everted repeats (ER) and 41
inverted repeats (IR) were identified in the cattle IGFBP
genes.

4.8. Synteny Analysis. Synteny blocks are chromosomal seg-
ments shared by two genomes with the same order of
homologous genes originating from a common ancestor site
[67]. The capability to examine evolutionary mechanisms
that lead to diversification of a chromosomal number and
shape in numerous lineages throughout the tree of life has
been made possible by comparing genomic synteny between
and within species [68, 69]. Collinearity analysis showed that
IGFBP genes were randomly distributed over 5 chromo-
somes in cattle and buffalo showing the collinear relation-
ship (Figure 3). Comparative genomic studies between
cattle and buffalo revealed up to 97% similarities [70, 71].
Expansion of the genome happened during evolution
through gene duplication events, leading to the increased
genome size of organisms as indicated by the “2R hypothe-
sis” [72, 73]. All the duplicated genomes did not get fixed,
only 5 to 10% got fixed, and others were lost in the evolu-
tionary process [74, 75]. In cattle and buffalo, predominantly
tandem duplication events were observed, revealing the role
of tandem duplication in the expansion of the IGFBP gene
family. Our results are also supported by Liu et al. [76],
who suggested that 75–90% of segmental duplications are
organized into local tandem duplication clusters in the cattle
genome. These genomic duplication events that happened
during evolution helped in adaption and speciation. The
duplicated genes under positive selection pressure show
>1Ka/Ks ratios, whereas duplicated genes under purifying
pressure show <1Ka/Ks ratios [77]. In our results, dupli-
cated gene pairs in cattle and buffalo showed <1Ka/Ks
ratios, indicating purifying pressure for these genomic dupli-
cations. Due to two basic vertebrate tetraploidization, the
IGFBP gene family follows the six IGFBP types found in
today’s placental animals. The fact that numerous IGFBP
genes have survived despite the gene family’s ancient expan-
sion clearly suggested that each gene acquired distinct and
important tasks early in mammalian evolution [17].

5. Conclusion

The present study concluded that the IGFBP gene family
remained well conserved throughout its evolution in cattle
and buffalo. Mutation analysis revealed one nonsynonymous
mutation at position D212>E in IGFBP6 in cattle which
may affect important functions like folliculogenesis, growth
and development, and lactation. Differential distribution of
NHRs and TFBS in cattle and buffalo indicated the variation
of putative regulation of these genes. Gene duplications

revealed the role of tandem duplication in the expansion of
the IGFBP gene family in bovines, and these genome dupli-
cation events helped in adaption and speciation.
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Brucellosis is a well-known and harmful zoonotic disease that poses a severe threat to public health and wild and dairy animals.
Due to a lack of monitoring and awareness, disease incidence has increased. Therefore, this study was conducted for the first time
to ascertain the status of seroprevalence of brucellosis, hematological, oxidative stress, and antioxidant enzymes in different breeds
of cattle reared under tropical-desert conditions in Pakistan. This study comprised 570 cattle of different breeds. We recorded
some epidemiological traits, including age and gender. The blood samples were obtained from all the cattle, screened with
RBPT, and then confirmed by ELISA and PCR. The results recorded an overall 11.75%, 10.7%, and 9.64% prevalence of
brucellosis based on RBPT, ELISA, and PCR. We obtained nonsignificant results in different age and sex groups of cattle. The
results showed significantly (P ≤ 0:05) lower values of erythrocyte counts, hemoglobin quantity, hematocrit, lymphocytes, and
monocytes in infected cases. The results showed that the total leukocyte and neutrophil cells significantly (P ≤ 0:05) increased.
The lipid peroxidation parameters (MDA- and NO-scavenging activity of erythrocyte) increased significantly (P ≤ 0:05) in
infected cattle, whereas significantly reduced antioxidant enzymes like SOD, RGSH, and CAT were. Similarly, significantly
lower serum albumin levels and total serum proteins were recorded in infected cattle.

1. Introduction

Brucellosis is a zoonotic and contagious disease of wild and
domestic animals and affects public health resulting in sub-
stantial economic losses. In livestock, it results in reduced
productivity (20-25%), decreased milk production, abortion,
and weak offspring and is a significant impediment to the
trade [1, 2]. A high incidence of temporary and permanent
infertility could result in the culling of animals. The disease

has worldwide distribution and affects animals and humans
in developed and developing countries [3, 4]. In developing
countries, the disease burden is more profound due to inad-
equate public health measures, domestic animal health pro-
grams, and appropriate diagnostic facilities [5].

Brucellosis caused by Brucella poses severe threats to
public health worldwide [6]. However, its prevalence world-
wide is highly prevalent in Mediterranean countries [7].
Brucella is an intracellular gram-negative bacterium and
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species-specific. The disease is caused by different species of
Brucellae (nonmotile, anaerobic coccobacilli, and gram-neg-
ative), including two marine and six terrestrial species. Bru-
cellosis is commonly transmitted via aborted fetuses, semen,
uterine exudates, and fetal contents. In the male, brucellosis
manifests permanent sterility, epididymitis, seminal vesiculi-
tis, and orchitis [8]. In females, the disease causes death due
to severe metritis, damage to fetal membranes, and retained
placental contents. The exact mechanisms of pathogenesis of
disease in animals are still under debate. Still, various studies
have indicated that the causative agent enters the body via
the digestive tract, mucosal layers, respiratory tract, and
intact skin and spreads through the blood and lymphatic
system to multiple tissues where it establishes the disease
[9]. The infectious agent escapes from the phagocytizing
and killing cells by inhibiting the phagosome-lysosome
fusion and multiplication inside the macrophages [10].

In Pakistan, the prevalence of brucellosis increased over
time, both in dairy animals and Equidae [11–13]. Brucella
is commonly transmitted to humans by consuming raw milk
and its products (milk cream, butter, and fresh cheese) or
through contact with contaminated material. In Pakistan,
work has been reported on the seroprevalence of brucellosis
in cattle [14, 15], buffaloes [16], camels [17], dogs [18],
equines [19–23], humans [13, 24, 25], and sheep and
goats [26].

The maximum incidence of brucellosis in bovines
ranged from 0.85% to 76% globally [27–30]. There are four
provinces in Pakistan, i.e., Punjab, Balochistan, Sindh, and
Khyber Pakhtunkhwa. In all livestock species in Pakistan,
the seroprevalence of brucellosis is reported from zero to
76% [16, 30–37]. The highest (76%) seroprevalence of bru-
cellosis was reported in goats, followed by bulk tank milk
samples (42%) from Punjab, Pakistan [38]. During the pre-
liminary assessment, it was reported that seroprevalence of
brucellosis in different species was 0.00%, 0.23%, 3.41%,
26.19%, and 38.88% in sheep, goats, camels, cattle, and buf-
faloes, respectively [39]. Between KPK and Sindh, 11% and
21% of brucellosis prevalence have been reported [37, 38].
The overall prevalence of brucellosis in Baluchistan in small
ruminants was 3.40% [40] and in large ruminants was 20%
[25]. Many factors affect the prevalence of brucellosis, such
as age, sex, species, different climatic conditions, geography,
and diagnostic tests [3, 32, 41].

It is an alarming situation that needs immediate atten-
tion. Most seroprevalence studies are based on RBPT and
SAT; however, few studies are based on ELISA [1, 24, 25].
RBPT is based on the agglutination of serum antibodies with
a stained whole cell preparation of killed Brucella. For con-
firmation of RBPT results, the serum agglutination test
(SAT) or in more sophisticated equipped laboratories,
ELISA may be used [42].

Monitoring oxidative stress, blood biochemistry, and
defense system profile (antioxidant enzymes) are important
tools to lower the adverse impacts of oxidative stress in ani-
mals. Studies have indicated that free radicals affect steroido-
genesis, apoptosis, lipid peroxidation, and folliculogenesis
leading to disorders in embryo preimplantation and infertil-
ity in animals [43–45]. Therefore, estimation of blood bio-

chemistry, oxidative stress, and endogenous antioxidants
are considered critical factors in initiating different molecu-
lar mechanisms during infectious diseases [46]. Scanty infor-
mation is available in the published literature regarding the
hematological, oxidative stress, and antioxidant profile in
brucellosis-infected cattle. There is no information regarding
brucellosis seroprevalence in cattle mainly kept in desert
conditions, particularly in southern Punjab, Pakistan. There-
fore, the present study has been planned to investigate the
seroprevalence of brucellosis in food animals through sero-
logical and molecular-biological techniques.

2. Materials and Methods

2.1. Study Area and Animals. This study was conducted in
three districts, including Lodhran, Bahawalpur, and Baha-
walnagar of the Southern Punjab province. In Pakistan,
about 52% of the agroecological area of Punjab province
belongs to Southern Punjab and is inhabited by 32% of
the total human population of the province. In southern
Punjab, the desert area (Cholistan) lies between longitudes
69° 52′ to 75° 24′E and latitudes 27° 42′ 29°45′N and is
comprised of three districts (Bahawalpur, Rahim Yar Khan,
and Bahawalnagar).

The present study comprised 571 cattle of various
breeds, including Cholistani (n = 163), Friesian (n = 148),
Jersey (n = 123), and cross-bred (n = 137) cattle reared at
three districts for the estimation of the burden of brucellosis.

2.2. Blood Sampling and Screening of Brucellosis. We drew
5mL of blood from the jugular vein of all the study animals
separately. According to previous procedures, all the serum
samples were subjected to RBPT and ELISA to detect brucel-
losis [23, 47]. We used an automated hematology analyzer
for hematology. Take about 1mL of collected blood to esti-
mate various blood parameters like counting red blood cells,
white blood cells, neutrophils, monocytes, lymphocytes,
hemoglobin, and hematocrit. A total of 10 blood samples
of each breed of healthy as control and brucellosis-positive
cattle were used for hematological investigation.

2.3. Estimation of Oxidative Stress and Antioxidant Enzymes
in Erythrocyte of Animals. Lipid peroxidation in the RBC
hemolysate was identified as thiobarbituric acid reactive
substance (TBARS) according to Grewal et al. [48]. The pro-
cedure depends on creating a color complex between thio-
barbituric acid and the byproducts of lipid peroxidation
(TBA). In a brief, 0.2mL of RBC hemolysate was added to
1.3mL of 0.2M Tris-KCl buffer (pH7.4), and the solution
was then incubated at 37°C for 30min before being heated
in a boiling water bath for 10min. After cooling, 3mL of
pyridine/n-butanol (3 : 1 v/v) and 1mL of 1N NaOH were
added and mixed by continuous shaking. At 532nm, the
absorbance was measured using bidistilled water as a blank.
1,1,3,3-Tetramethoxypropane was utilized as a reference in
this experiment. Lipid peroxidation in the RBC hemolysate
was expressed as MDA nanomoles per grams of hemoglobin
(nmol/gHb).
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The activity of superoxide dismutase (SOD EC 1.15.1.1)
was measured by the Misra and Fridovich method [49]. At
560nm, the sample absorption was measured. Half of the
rate of nitro blue tetrazolium (NBT) reduction is inhibited
by one SOD activity unit. In a 1 cm cuvette, the NBT
decrease rate is measured at 0.0165 absorbance units per
minute. SOD activity was expressed as IU·mg-1 hemoglobin.
Ransod (superoxide dismutase) control SD 126 from RAN-
DOX Laboratories Ltd. was used to evaluate the method’s
accuracy.

By using a two-step colorimetric approach that was
described by Asri-Rezaei and Dalir-Naghadeh [50], the
activity of catalase was assessed. The samples were initially
incubated with a known quantity of hydrogen peroxide since
the rate of hydrogen peroxide dismutation to water and oxy-
gen is proportional to the concentration of catalase. After a
predetermined incubation time, the amount of hydrogen
peroxide left was subsequently calculated by an oxidative
coupling reaction involving 3,5-dicholo-2-hydroxybenzene-
sulfonic acid (DHBS) and 4-aminoantipyrene (4-AAP),
which was accompanied by horseradish peroxide. The
resulted quinoneimine dye was detected at 520nm (Catalase
Assay Kit, Oxford Biochemical Research, Inc., USA). The
enzyme activities were measured in IU/mgHb.

At physiological pH, nitric oxide produced from an
aqueous sodium nitroprusside (SNP) solution reacts with
oxygen to form nitrite ions, which can be measured and
identified using the Griess Illosvoy reaction [51]. 10mM
SNP in 0.5M phosphate buffer (pH7.4) and different quan-
tities (100-1000 g/mL) of MPE were included in the reaction
mixture with final volume of 3mL. Griess reagent (0.1
percent α-naphthyl-ethylenediamine in water and 1 percent
sulphanilic acid in 5 percent H3PO4) was added following a
60-minute incubation period at 37°C. At 540nm, spectro-
photometric values were measured of the pink chromophore
produced after the diazotization of nitrite ions with sulfanil-
amide and subsequent coupling with α-naphthyl-ethylene-
diamine. Ascorbic acid was used as a positive control.
Nitric oxide scavenging ability (%) was calculated by using
above percent inhibition (I%) formula for DPPH assay.

The method of Asri-Rezaei and Dalir-Naghadeh [50],
which is based on the production of a stable yellow hue
when 2-nitrobenzoic acid is added to sulfhydryl compounds,
was used to evaluate the activity of GSH-Px in the RBC
hemolysate. The amounts of reduced product, thionitroben-
zene, were measured by commercially available kits (Ransel
test kit, Randox laboratories Ltd. GB) at 412 nm and express
as IU/mgHb.

2.4. PCR-Based Confirmation of Brucella abortus. For confir-
mation of Brucella abortus, we extracted DNA. We per-
formed PCR using specific primers (F=GAC GAA CGG
AAT TTT TCC AAT CCC and R=TGC CGATCA CTT
AAG GGC CTT CAT) as reported in a previous study
[21]. Briefly, PCR reactions contained a total of 25μL reac-
tion mixture having 1μL (dNTP), 1.2μL forward and
reverse primers, and 1μL DNA template. The PCR amplifi-
cation was carried out (35 cycles) with initial denaturation at
93°C for 5min followed by denaturation at 90°C for 1min,

annealing at 58°C for 1min, and elongation at 72°C for
1min with final elongation at 72°C for 1min.

2.5. Statistical Analysis. Data collected in this study were
subjected to statistical software [52]. Data on some epidemi-
ological traits, including age, species, and gender, were ana-
lyzed by chi-square. Data on blood, oxidative stress, and
antioxidant parameters were subjected to by t-test.

3. Results

3.1. Brucellosis Prevalence in Cattle. The overall prevalence
of brucellosis disease in dairy cattle has been shown in
Table 1. The results showed an 11.75% disease prevalence
based on RBPT, while the disease prevalence based on the
ELISA test was 10.7%. Based on PCR techniques, the results
recorded an overall 9.64% disease prevalence in dairy cattle.
The results showed nonsignificantly occurring diseases in
dairy cattle based on gender and age groups (Table 1).

3.2. Hematological Parameters. The results of different
hematological parameters of different dairy cattle breeds
are presented in Table 2. The results revealed that the eryth-
rocyte counts, hemoglobin quantity, hematocrit, lympho-
cytes, and monocytes decreased significantly (P ≤ 0:05) in
all cattle breeds infected with brucellosis compared to
healthy animals. The results showed that the total leukocyte
and neutrophil cells significantly (P ≤ 0:05) increased in all
cattle breeds infected with brucellosis compared to healthy
animals.

3.3. Oxidative Stress Parameters and Antioxidant Enzymes.
The results of different oxidative stress parameters and anti-
oxidant enzymes in erythrocytes of brucellosis-infected and
healthy cattle are presented in Table 3. The results on differ-
ent oxidative stress parameters recorded in brucellosis-
infected cattle indicated a substantial increase (P ≤ 0:05) in
values of lipid peroxidation product (MDA) and nitric oxide
scavenging activity in brucellosis-positive cattle as compared
to healthy animals. The results on different antioxidant
enzymes showed significantly (P ≤ 0:05) lower values of
SOD, reduced glutathione, and CAT enzymes in erythro-
cytes of infected cattle as compared to healthy cattle. The
results indicated significantly (P ≤ 0:05) lower serum albu-
min levels and total serum proteins in infected cattle com-
pared to noninfected animals (Figure 1).

4. Discussion

Previously, 21.4% prevalence by RBPT of brucellosis and
3.56% by ELISA in equine animals kept in different districts
of Punjab province, Pakistan, have been recorded [23]. In
our study, no significant difference was recorded in the prev-
alence of disease based on different age groups of cattle. Pre-
viously, studies have recorded that the prevalence of
brucellosis decreases due to advancement in the age of
equines [23, 53, 54]. In contrast to our results, different ear-
lier studies have found a significant association between the
prevalence of brucellosis with age [8, 40, 55, 56]. The results
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showed a nonsignificant association of sex of animals
regarding the presence of brucellosis in our study.

Similarly, no significant difference in the prevalence of
brucellosis has also been recorded in animals [23]. An over-
all 12.7% prevalence of brucellosis in cattle kept in a periur-
ban condition in Pakistan has also been reported [57]. At
different livestock farms in Pakistan, up to 16.19% sero-
prevalence of brucellosis has been recorded in the cattle
[3]. Compared to brucellosis in animals, a significantly
increased prevalence of the disease has been recorded in
females [14, 57, 58]. Variable prevalence of brucellosis
includes 4.97% in goats and 5.6% in buffaloes using MRT,
while 1.9% in buffaloes and 16.1% in goats with ELISA have
been reported [47].

Our study’s hematological findings showed that the
values of red blood cell count, hemoglobin quantity, and
hematocrit significantly decreased in cattle of different
breeds infected with brucellosis. Previously, scanty informa-
tion was available regarding hematological changes in
brucellosis-infected cattle [59]. Due to brucellosis in horses,
lower erythrocyte sedimentation rate, basophils, and neutro-
phil counts have been reported [22]. Significantly reduced

values of neutrophils, monocytes, and lymphocytes in
brucellosis-infected cattle were seen. The increased neutro-
phil count in the present study could be related to oxidative
stress leading to tissue damage. The lower values of lympho-
cytes and monocytes could be due to the poor immunologi-
cal response of brucellosis-infected cattle. Few studies have
reported that monocytosis mainly occurs due to damaged
tissue debris in brucellosis animals’ reproductive and urinary
tract [60–62]. However, no report is available on the induc-
tion mechanisms of various hematological disorders in
brucellosis-positive animals in published data. The changes
in hematological parameters might be due to oxidative stress
on bone marrow induction.

In the present study, the quantity of different antioxi-
dant enzymes in erythrocytes of positive brucellosis cattle
like RGSH, SOD, and CAT was significantly reduced
(P ≤ 0:05). Previously, no information was available about
the concentrations of different antioxidant enzymes in
erythrocytes in brucellosis-positive animals. The lower con-
centrations of these antioxidant biomarkers in erythrocytes
of brucellosis-positive cattle can be related to increased turn-
over of free radicals and depletion of antioxidants during

Table 1: RBPT-, ELISA-, and PCR-based prevalence of brucellosis in cattle kept at the Cholistan.

Species/sex/age No. of animals
Positive

95% CI Odd ratio/P value
N %

RBPT test

Sex

Male 31 03 9.67 2.52-24.12
0.80 (reciprocal = 1:26)

Female 539 64 11.87 9.34-14.81

Overall 570 67 11.75

Age groups (years)

3-4 167 13 7.78 4.40-12.63
Mantel-Haenszel chi-sq. P = 0:8175-6 305 39 12.78 9.38-16.90

>7 98 15 15.30 9.17-23.47

ELISA

Sex

Male 31 02 6.45 1.10-19.72
0.56 (reciprocal = 1:78)

Female 539 59 10.94 8.51-13.80

Overall 570 61 10.70

Age groups (years)

3-4 167 11 6.58 3.51-11.16
Mantel-Haenszel chi-sq. P = 0:6115-6 305 36 11.80 8.53-15.80

>7 98 14 14.28 8.37-22.29

Polymerase chain reaction

Sex

Male 31 02 6.45 1.10-19.72
0.63 (reciprocal = 1:58)

Female 539 53 9.83 7.53-12.57

Overall 570 55 9.64 7.42-12.28

Age groups (years)

3-4 167 09 5.38 2.66-9.66
Mantel-Haenszel chi-sq. P = 0:0675-6 305 35 11.47 8.25-15.43

>7 98 11 11.22 6.05-18.67
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Table 2: Blood profile (mean ± SD) of different breeds of cattle infected with brucellosis.

Cattle breed/parameters Healthy Infected P value

Cholistani

Erythrocyte counts (106/μL) 5:01 ± 0:15 3:69 ± 0:09 <0.01
Hemoglobin quantity (g/dL) 11:97 ± 1:12 8:19 ± 0:13 <0.01
Hematocrit (%) 34:50 ± 1:30 28:9 ± 2:3 <0.01
Leukocyte counts (103/μL) 9:11 ± 0:89 13:83 ± 0:71 <0.01
Neutrophil (%) 19:70 ± 1:90 25:9 ± 1:7 <0.01
Lymphocyte (%) 49:80 ± 3:70 31:5 ± 1:83 <0.01
Monocyte (%) 6:33 ± 0:15 4:01 ± 0:07 <0.01

Jersey

Erythrocyte counts (106/μL) 5:17 ± 0:13 3:81 ± 0:05 <0.01
Hemoglobin quantity (g/dL) 12:09 ± 0:93 7:97 ± 0:41 <0.01
Hematocrit (%) 36:77 ± 2:05 28:24 ± 2:75 <0.01
Leukocyte counts (103/μL) 10:07 ± 1:03 16:19 ± 1:07 <0.01
Neutrophil (%) 21:23 ± 2:19 31:29 ± 2:13 <0.01
Lymphocyte (%) 53:40 ± 2:40 37:3 ± 2:3 <0.01
Monocyte (%) 5:59 ± 0:31 3:97 ± 0:23 <0.01

Cross-bred

Erythrocyte counts (106/μL) 5:33 ± 0:19 3:92 ± 0:11 <0.01
Hemoglobin quantity (g/dL) 13:01 ± 1:03 8:55 ± 0:33 <0.01
Hematocrit (%) 37:13 ± 3:11 26:39 ± 3:03 <0.01
Leukocyte counts (103/μL) 12:13 ± 0:91 17:03 ± 0:03 <0.01
Neutrophil (%) 23:49 ± 3:33 39:01 ± 4:51 <0.01
Lymphocyte (%) 46:91 ± 3:70 34:90 ± 3:25 <0.01
Monocyte (%) 5:73 ± 0:19 3:99 ± 0:03 <0.01

Friesian

Erythrocyte counts (106/μL) 4:99 ± 0:07 3:59 ± 0:11 <0.01
Hemoglobin quantity (g/dL) 13:01 ± 0:03 9:05 ± 0:29 <0.01
Hematocrit (%) 35:03 ± 1:19 27:03 ± 1:07 <0.01
Leukocyte counts (103/μL) 11:07 ± 0:07 17:01 ± 0:87 <0.01
Neutrophil (%) 24:11 ± 1:15 39:01 ± 1:01 <0.01
Lymphocyte (%) 55:11 ± 3:13 39:1 ± 3:02 <0.01
Monocyte (%) 4:93 ± 0:57 3:63 ± 0:29 <0.01

Table 3: Oxidative stress and antioxidant parameters (mean ± SD) of brucellosis-positive and brucellosis-negative cattle.

Parameters Noninfected Infected P value

Oxidative stress biomarkers

MDA (nmol/gHb) 1:54 ± 0:11 2:030 ± 0:08 <0.01
NO scavenging activity (%) 21:36 ± 0:40 28:71 ± 3:50 <0.001

Antioxidant biomarkers

SOD (IU/mgHb) 142:40 ± 9:80 121:50 ± 2:10 <0.01
RGSH (IU/mgHb) 171:40 ± 7:10 151:70 ± 2:60 <0.001
CAT (IU/mgHb) 131:30 ± 6:70 105:40 ± 2:20 <0.01
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disease prevention [63]. The lower values of various antiox-
idant enzymes in erythrocytes of brucellosis-positive cattle
might be due to disorders in the physiological state and
integrity of erythrocytic membranes due to low-grade
inflammatory response resulting in inhibition of release of
IL-1 and TNF-α [64].

Oxidative stress performs a vital role in the develop-
ment of clinical disease and also leads to DNA damage,
enzymic deactivation, lipid peroxidation, apoptosis, and cell
necrosis [64–70]. With the declining body’s antioxidant-
based defense mechanism, oxidative stress concentration
gets enhanced in brucellosis [71–73]. Before entrance in
the macrophages, Brucella are opsonized inside the host
with Brucella-specific immunoglobulin G (IgG), and the
entrance into the macrophages is mainly because of phago-
cytosis initiated by Fc receptor. SOD, CAT, and glutathione
peroxidase are vital antioxidant enzymes for the intracellu-
lar protection [65, 74]. The Brucella existence depends on
the concentration of CAT and SOD in the Brucella. Of
these, SOD performs a significant role in the pathophysiol-
ogy of the Brucella [73].

SOD catalyzes the transformation of superoxide radical
to hydrogen peroxide [75] serving as the primary line of
defense in response to oxidative stress [70], explaining why
this enzyme showed high activity. SOD keeps the O2- levels
under control in the cellular components and plays a crucial
part in the death of phagocytosed bacteria intracellularly
[72]. CAT is removed for the inhibition of OH- production
that leads to formation of hydrogen peroxide in the cells.
The hydrogen peroxide formed by SOD is degraded by the
action of CAT, and it is able to cross the nuclear membrane
and induce damage through enzymatic reactions [70, 75].
Thus, SOD and CAT are vital in the removal of nitrogen
radicals and free oxygen produced by the Brucella, while glu-
tathione peroxidase (GPx) handles the diminution hydro-
peroxides intracellularly [76, 77]. Glutathione peroxidase is
another important antioxidant enzyme present intracellu-
larly and is present within the cell in reduced form (GSH)

as oxidants counter to endogenously formed peroxides.
GPx catalyzes this reaction. To be able to effectively protect
the cell, it is necessary that major part of glutathione has
to be kept in reduced form [64, 78].

Brucella owns two SODs, SodA and SodC [73, 79], those
directly cleanse radicals of superoxide. Superoxide cannot
easily pass through with cellular membranes as being a
charged molecule, and consequently, each SOD usually
cleanses superoxide radical produced intracellularly in the
bacterial components where they are present [80]. The less-
ening of Brucella in macrophages is also controlled by the
acid-sensitive kind of the SodA transformed, thus are able
to lower the oxygen readiness, and the reduced growth rate
[81] may prevent endogenic superoxide concentration
achieving an optimum level at which a cytoplasmic SOD
cleanse in Brucella strains after setting up intracellularly in
the host [65, 72].

The hydrogen peroxide generated during the process is
deactivated by CAT. The CAT action is primarily limited
to the Brucella’s periplasm [82] and responsible to supply
safety against H2O2 produced during immune reaction pro-
voked against brucellosis. Control of CAT is necessary for
the adjustment procedure of Brucella to endure and preserve
under frightening circumstances. As CAT and Cu-Zn SOD
are present at periplasmic location, thus are engaged in safe-
guarding the Brucella from peripheral oxidative complexes
[82, 83]. In addition to this, a set of specific proteins are
more sensitive to superoxide and activate signaling pathways
and promote adaptation of elevated SODs or, alternatively,
may initiate cellular death [84].

Previous studies have investigated those lower concen-
trations of SOD, CAT, and RGSH in the erythrocytes of
infected cattle, suggesting increased exposure of erythrocytes
to oxidative stress and protecting effects of erythrocytes
against oxidative damage [83]. Furthermore, a lower quan-
tity of reduced glutathione might also be due to depletion
of these enzymes during decomposition of lipid peroxidase
and prevention of oxidative damage to membranes of red
blood cells. The changes in host tissue and cells take place
with increased concentration of oxidative stress parameters
as a result of brucellosis [85]. The biomarkers of oxidative
stress in brucellosis-positive cattle were significantly
increased in the present study. The increased values of these
biomarkers are suggestive of induction of oxidative stress
and indicate that the increased process of oxidation in eryth-
rocytes is responsible for the rapid generation of free radi-
cals, ultimately leading to inefficient antioxidant capacity
and breakdown of erythrocytes [72, 86]. It is further added
as brucellosis renders low concentration of antioxidant
enzymes; thus, oxidative enzymes (such as MDA, ceruloplas-
min, NO, and Cu) increased [65]. Thus, increased oxidative
stress leads to breakage of DNA, lipid peroxidation, and pro-
tein denaturation [64, 70, 87]; thus, total proteins and albu-
min were found to be lowered in brucellosis-infected cattle.

5. Conclusions

From the results, it was concluded that brucellosis is still
prevailing in animals in Pakistan. Prevalence of cattle
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Figure 1: Total proteins and albumin in brucellosis-negative and
brucellosis-positive cattle. Note: the reading (mean ± SD) of total
proteins and albumin is significantly (P ≤ 0:05) reduced in
brucellosis-infected cows as compared to noninfected cows.
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brucellosis was recorded to be 11.75%, 10.7%, and 9.64%
based on RBPT, ELISA, and PCR, respectively. The hemato-
logical parameters studied including erythrocyte counts,
hemoglobin quantity, hematocrit, lymphocytes, and mono-
cytes significantly (P ≤ 0:05) reduced, whereas total leuko-
cyte and neutrophils significantly increased in infected
cases. The MDA and NO scavenging activity of erythrocyte
increased significantly, while antioxidant enzymes (SOD,
RGSH, and CAT) reduced significantly. Total serum pro-
teins and albumin also lowered significantly in brucellosis-
infected cattle.
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A major paradigm shift in the field of nanobiotechnology is the invention of an eco-friendly, economical, and green approach for
synthesis of metal nanoparticles. In the present study, we have synthesized gold nanoparticles (AuNPs) using aqueous extracts of
marine brown seaweed Sargassum longifolium. The synthesized nanoparticle was subjected to characterization using different
techniques such as UV-Vis spectroscopy, Fourier transform infrared spectroscopy, atomic force microscope, scanning electron
microscope, transmission electron microscope, and elemental dispersive X-ray diffraction. Further, the seaweed extract and the
synthesized AuNPs were evaluated for its anticancer effect using MG-63 human osteosarcoma cells besides in vitro antioxidant
effect. The formation of S. longifolium-mediated synthesis of gold nanoparticles was demonstrated by UV-Vis spectroscopy.
Presence of elemental gold was confirmed by EDX analysis. TEM analysis demonstrated spherical morphology of the
synthesized AuNPs and SEM analysis revealed the particle size to be in the range of 10-60 nm. The FTIR showed the presence
of hydroxyl functional groups. The toxicity of S. longifolium extract and the synthesized AuNPs was tested using brine shrimp
lethality assay at different concentrations with results showing both seaweed extract and AuNPs to be nontoxic. Both S.
longifolium and AuNPs exhibited significant antioxidant activity by scavenging DPPH free radicals and H2O2 radicals.
Significant antiproliferative effect was observed against MG-63 osteosarcoma cells. It was also shown that the seaweed extract
and the AuNPs induced cytotoxicity in cell lines by mechanism of apoptosis. In conclusion, this study provided insight on
AuNPs synthesized from S. longifolium as a potent antioxidant and anticancer agent.

1. Introduction

Nanotechnology has been defined as a field of study that
integrates physics, chemistry, and biology principles to cre-
ate new materials with unique features on a very small scale,
referred to as the nanoscale (0–100 nm) [1]. It involves both
research and technology, a new discipline of science and
engineering [2]. Nanotechnology has pervaded practically
every branch of science, allowing for the development of
unique alternatives to many research tailbacks. Nanomedi-

cine, a combination of nanotechnology and medicine offers
various advantages over traditional treatment methods [3].
Metal nanoparticles have reinforced immense interest in
the field of nanomedicine owing to their unique properties
than their bulk counterpart [4]. However, the physicochem-
ical methods adopted to produce these metal nanoparticles
have intrinsic limits, which constitute a significant barrier
to the science’s maturity [5]. Therefore, development of
eco-friendly technologies termed as “green approach” has
found to be comparatively safe, nontoxic, inexpensive, and
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biocompatible [6]. During chemical formulation, there are
high chances of contamination. Unlike other methods, green
synthesis produces a pure form of NPs [7].

Due to their biocompatibility, low toxicity, ease of sur-
face functionalization, and optical and electronic qualities,
gold nanoparticles (Au-NPs) have sparked considerable
interest than any other metal nanoparticles and hence uti-
lized for various biomedical applications [8, 9]. Gold nano-
particles own the history of being used for various
applications right from colouring glass to treating complex
mental illness [10]. Moreover, the diverse fascinating prop-
erties of AuNPs, viz., electronic, magnetic, optical, and cata-
lytic properties, have made AuNPs a suitable candidate for
use in bioimaging like X-ray computed tomography, drug
or gene delivery, diagnostic, therapeutics, tissue engineering,
and theranostics [11, 12]. Further, AuNPs are prevalently
used in the field of cancer therapy [13]. Despite possessing
significant advantages, use of AuNPs has its own limitation
due to application of various hazardous chemical synthesis
methods for preparation. Hence, green synthesis method
using plants, microbes, seaweeds, and its respective bioactive
metabolites is used to synthesize AuNPs [14].

About 80% of the world’s biodiversity has been found in
the marine ecosystem. Among the various marine sources,
seaweeds have gained immense response in different fields
of research owing to its unique properties like high biodiver-
sity, living habitats, and specific living conditions [15]. Sea-
weeds are found prevalent in harsh marine environment
which possess numerous bioactive metabolites with various
activities [16, 17]. Brown seaweeds are predominantly brown
due to the presence of the carotenoid fucoxanthin and the
primary polysaccharides include alginates, laminarins,
fucans, and cellulose [17].

Sargassum species are tropical and subtropical brown
macroalgae of the shallow marine meadow [18]. They are
nutritious and rich sources of bioactive compounds such
as vitamins, carotenoids, dietary fibers, proteins, and
minerals [19]. Also, many biologically active compounds
like terpenoids, flavonoids, sterols, sulphated polysaccha-
rides, polyphenols, sargaquinoic acids, sargachromenol,
and pheophytine were isolated from different Sargassum
species [20]. These isolated compounds exhibit diverse
biological activities like analgesic, anti-inflammatory, anti-

oxidant, neuroprotective, antimicrobial, antitumor, fibrino-
lytic, immune-modulatory, anticoagulant, hepatoprotective,
and antiviral activity. Hence, Sargassum species have great
potential to be used in pharmaceutical and nutraceutical
areas [21–23]. Several studies have exhibited the anticancer
potential of Sargassum species studies against various
tumour cells [24–27]. Similarly, AuNPs prepared using
several other sources have been reported for its potent anti-
cancer effect using liver cancer, lung cancer, and breast can-
cer cells [28–30]. Although many reports are available on
the potential of Sargassum against various disorders, the
green synthesized AuNPs mediated by the marine seaweed
Sargassum longifolium have not been investigated. There-
fore, in the present study, we synthesized Sargassum
longifolium-mediated AuNPs and evaluated its antioxidant
and anticancer effect.

2. Materials and Methods

2.1. Chemicals and Reagents. Gold (III) chloride trihydrate
(HAuCl4·3H2O), 2,2-diphenyl-1-picrylhydrazyl, hydrogen
peroxide (H2O2), MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide), ethidium bromide, and acri-
dine orange were purchased from Sigma Aldrich, USA. Dul-
becco’s minimum essential media (DMEM), fetal bovine
serum (FBS), penicillin/streptomycin, Trypsin-EDTA, phos-
phate buffered saline (PBS), and dimethyl sulfoxide were

1 𝜇m

(a)

200 nm

(b)

Figure 1: Representative SEM images of (a) S. longifolium and (b) its mediated gold nanoparticles.

200 nm

Figure 2: Representative TEM images of S. longifolium and S.
longifolium-mediated gold nanoparticles (scale-200 nm).
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purchased from Gibco, USA. All other chemicals, reagents,
and solvents used were of analytical grade and procured
from Himedia, India.

2.2. Preparation of Extract. About 1 g of S. longifolium was
mixed with 100mL of double distilled H2O, boiled for
5min, and filtered through Whatman No. 1 filter paper. It
was refrigerated at 4°c for further experimental purpose.

2.3. Synthesis of AuNPs. To prepare the gold nanoparticles,
80mL of aqueous sea weed extract was mixed with 20mL
of AuCl4 solution in a clean conical flask. The mixture was
kept for stirring on a magnetic stirrer at room temperature.
The change in the solution colour indicated the reduction
of Au3+ ions in the solution, and the wavelength of which
was measured at periodic intervals using UV-Vis spectro-
photometer after the reaction reached saturation. Later on
confirming the formation of AuNPs, the solution was centri-
fuged at 10,000 rpm for 15min and pellet was collected for
further analysis.

2.4. UV Visible Spectroscopy. The UV-Visible spectrum of
the gold nanoparticles solution was recorded using double
beam UV-Visible Spectrophotometer (UV-2450, Shimadzu).
Optical density was taken from 360 to 650nm (ranges
increased 10nm gradually) at different time points. Based
on the OD values, the peak was identified and denoted as
an optimum nanoparticles biosynthesis.

2.5. Microscopic Studies. A drop of sample was placed on
carbon-coated copper grid, air dried at room temperatures,
and stained with 2% uranyl acetate. The nanoparticle size
measurement was done using transmission electron micro-
scope (Hitachi, H-7500), and average nanoparticle size was
considered as the size of the sample. The morphological
characterizations of the S. longifolium were performed using
SEM. To know the exact particle size and nanosize effect, the
sample was characterized using atomic force microscope
(AFM), which measures the atomic range of the particle.

2.6. FTIR. FTIR measurements demonstrate the presence of
functional groups which can be liable for capping leading to
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Figure 4: FTIR spectrum of S. longifolium-synthesized gold nanoparticles.
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Figure 3: Representative AFM images of S. longifolium-mediated gold nanoparticle.
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proficient stabilization of the gold nanoparticles. The refined
suspension containing the nanoparticles was completely
dried and ground with KBr pellets and used for FTIR analy-
sis. In order to obtain decent signal/noise ratio, 512 scans
were verified to get appropriate results.

2.7. EDX. Energy dispersive X-ray spectroscopy is a tech-
nique used for determination of elemental analysis of S.
longifolium. It can be used to basically determine the
amount of AuNPs produced with a thin film of bacterial
biomass.

3. Antioxidant Activities

3.1. DPPH Free-Radical Scavenging Assay. The free-radical
scavenging activity of the biosynthesized gold chloride nano-
particles and the S. longifolium extract was evaluated by

DPPH free-radical scavenging assay. The seaweed extract,
seaweed extract-mediated gold nanoparticles, and standard
ascorbic acid were prepared at different concentrations of
2-10μg/mL.1mL of different concentration seaweed extract,
AuNPs, and standard to appropriately labelled test tubes. To
the above test tubes, 1ml of 0.1mM DPPH prepared in
methanol and 450μL of 50mM Tris HCl buffer (pH7.4)
were mixed and incubated in dark for 30 minutes.1mL of
distilled water, 1ml of DPPH, and 450μl of 50mM Tris
HCl buffer served as control blank. The absorbance of the
solution was measured at 517 nm. The percentage inhibition
of free radical formation was determined from the following
equation:

%inhibition = Absorbance of control − absorbance of test sample
Absorbance of control × 100:

ð1Þ
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Figure 6: Effect of S. longifolium and its mediated gold nanoparticle represented as % of nauplii on day 1 and day 2.
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3.2. Hydrogen Peroxide Scavenging Assay. The H2O2 radical
scavenging activity was determined for the S. longifolium
extract, AuNPs. Different volume (10μL-50μL) of S. longi-
folium extract and AuNPs were added to appropriately
labelled test tubes and incubated with 50μL of 5mM
H2O2. Ascorbic acid served as standard reference. Blank
control consisted of 50μL of 5mM H2O2 devoid of the sam-
ple. The test tubes were allowed to incubate for 20min at
room temperature. The absorbance was measured at
610nm. The percentage inhibition of H2O2 radical forma-
tion was determined from the following equation:

%inhibition = Absorbance of control − absorbance of test sample
Absorbance of control × 100:

ð2Þ

3.3. Brine Shrimp Lethality Assay. 2 g of iodine free salt was
weighed and dissolved in 200mL of distilled water in which
dried cysts were placed. The larvae (nauplii) were hatched
after 36 h of incubation under conditions of strong ventila-
tion and continuous illumination. The evaluation of cytotox-
icity was carried out using nauplii of brine shrimp as follows:
Briefly, 5ml of water was filled in 6 well ELISA plates. Fresh
suspensions of S. longifolium extract and AuNPs were pre-
pared using the artificial sea water at 1-fold serial dilution
between the range of 10μL, 20μL, 30μL, 40μL, and 50μL.
The different concentration seaweed extract and the synthe-
sized AuNPs were added to the 6-well plates. To that 10 nau-
plii were slowly added to each well, and the plates were
incubated for 48 h. After every 24 hours, the ELISA plates
were observed for number of live nauplii’s using stereoscopic
microscope and the lethality was calculated using following
formula: %lethality = ðnumber of dead naupliiÞ/ðnumber of
dead nauplii + number of live naupliiÞ × 100.

3.4. Cell Culture. Human osteosarcoma cell line MG-63 was
purchased from National Centre for Cell Sciences (NCCS),
Pune with the passage number of 16. The cells were grown
in Dulbecco’s modified Eagle medium (DMEM) supple-
mented with 10% fetal bovine serum (FBS), 100U/mL peni-
cillin, and 100U/ml of streptomycin at 37°C in 95%
humidified air with 5% CO2. On reaching 80-90% con-
fluency, the cells were trypsinized using 0.25% Trypsin-
EDTA and plated for further assays.

3.5. Anticancer Activity–MTT Assay. The cytotoxic potential
of the synthesized gold nanoparticles was assessed on
human osteosarcoma cell lines, MG-63. Briefly, cells were
grown in 96-well plates at a density of 5 × 104 cells/well.
After 24 h of incubation, the cells were treated with differ-
ent concentrations (1, 5, 10, 20, 40, and 80ng/mL) of the
seaweed extract and the synthesized gold nanoparticles.
Cells which did not receive treatment with either seaweed
extract or gold nanoparticles, were treated as controls. After
24 h of incubation, media was aspirated from all the wells
and 50μl of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide) was added at a concentration of
5mg/mL prepared in PBS (phosphate buffered saline).
After 4 h of MTT incubation, 150μL of DMSO (dimethyl

sulfoxide) was added to dissolve the purplish formazan
product. Absorbance was read at 540nm using Multimode
reader (Perkin Elmer, USA). The % inhibition of cell prolif-
eration was calculated using the following formula: ððOD
of control −ODof the testÞ/OD of the controlÞ ∗ 100.

3.6. Dual Ethidium Bromide/Acridine Orange (EtBr/AO)
Staining Assay. AO/EtBr staining of MG-63 cells was per-
formed as per Banda et al. [31]. MG-63 cells 4 × 105/well
were treated with two different concentrations of seaweed
extract (16 and 32ng/ml) and c (12 and 24ng/mL) for
24 h. The concentrations for apoptosis assay were selected
based on IC50 value. After 24 h, the media was aspirated.
The cells were stained using AO/EtBr dual staining
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Figure 7: % inhibition of DPPH free radicals by AuNPs mediated
from S. longifolium and S. longifolium extract. Results are
expressed in terms of mean ± SEM (n = 3).
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solution prepared in PBS by incubating the cells with 5μL
of a mixture of AO/EtBr (60μg/mL (acridine orange)/100
μg/mL (ethidiumbromide)) for 5min in the dark after
staining. The cells were immediately imaged in a fluores-
cence microscope (Nikon Eclipse E200, Tokyo, Japan).

4. Results and Discussion

4.1. Biosynthesis of AuNPs and UV-Vis Spectroscopy. Aque-
ous extract of S. longifolium was added into gold chloride
solution. The formation of AuNPs was confirmed by the
development of colour which is characteristic of AuNPs.
The confirmation was done by recording the UV-Vis absor-
bance was at 350-650 nm which corroborated with the ear-
lier published results [14, 32] in which the UV-Vis spectral
analysis of AuNP absorbance was measured at 520-560 nm
(27). They confirmed the peak around 540nm and a broader
peak between 700 and 800nm.

4.2. Microscopic Analyses. The results of SEM and TEM
revealed the size and shape of AuNPs, respectively (Figures 1
and 2). SEM analysis exhibited uniformly distributed AuNP
which was found to be spherical in morphology with size
ranging between 10 and 60nm. Some of the AuNPs were seen
aggregated. The separation between nanoparticles was observed
from TEM image due to the presence of capping agent. The
images of AFM showed the presence of AuNPs synthesized
by S. longifolium (Figure 3). From the images, it is confirmed
that a nanoplate structure was formed proving this method to
be appropriate and successful for the synthesis of AuNPs [27].

4.3. FTIR. The functional groups of the S. longifolium-
synthesized gold nanoparticles are shown in Figure 4. FTIR
shows the characteristic peaks indicating the presence of
different functional groups. A broad band observed at
3265 cm-1 was shown to be associated with C-H and O-H
stretches from carboxylic acids and alcohols. The carboxylic

group assigned at 1232 cm-1 corresponds to C-O stretch,
presence of amides, and N-H stretch at 1608 cm-1. The anal-
ysis also revealed the presence of nitro groups N=O stretch
at 1506 cm-1. Other weak band also present at 455 cm-1 cor-
responds to alkyl halides.

4.4. EDX Analysis. EDX was performed to analyse the
presence of various elements in the synthesized AuNPs. In
Figures 5(a) and 5(b), a strong atomic signal from Au atom
was observed with atomic % of 3.50% along with O atom
22.12%, C atom 69.56%, K atom 1.89%, and Cl atom
2.93%; there were no evident peaks for other elements or
impurities [32].

4.5. Toxicological Evaluation of S. Longifolium Extract and
Its Synthesized AuNPs. Figure 6 shows the brine shrimp
lethality assay, and it is a preliminary and important screen-
ing tool to evaluate the toxicity of a drug. In the cytotoxic
effect, the percentage of live nauplii was calculated. On day
1, the different concentrations of synthesized AuNPs as well
as control showed 100% live nauplii. On the 2nd day except
40μL and 50μL, other concentrations exhibited 100%
survival which was in comparison to that of untreated con-
trol. Minimum lethality (20%) was observed in 40μL and
50μL AuNP-treated groups on day 2. From the results, the
nontoxic nature of the synthesized AuNPs was inferred up
to 30μL towards brine shrimps [7].

4.6. DPPH Free-Radical Scavenging. The antioxidant activity
of formulated AuNPs and the seaweed extract was estimated
by evaluating the percentage inhibition of DPPH radicals
(Figure 7). The DPPH radical scavenging activity of AuNPs
was found to be directly proportional to the concentration of
the seaweed extract and its synthesized AuNPs. The results
exhibited significant inhibition of DPPH free radicals in a
dose-dependentmanner at 10, 20, 30, 40, and 50mg/ml. AuNPs
showed marked radical scavenging activity when compared to
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seaweed extract. The results revealed that the AuNPs were
found to be more potent than the seaweed extract which was
comparable with that of standard ascorbic acid [7].

4.7. H2O2 Radical Scavenging Activity. The H2O2 scavenging
effect of S. longifolium extract and its mediated synthesis
AuNPs was found to be dose-dependent (Figure 8). The free
radical scavenging ability of the seaweed extract and the AuNPs
was compared to standard ascorbic acid. AuNPs exhibited bet-
ter scavenging effect than seaweed extract alone [5].

4.8. Anticancer Activity

4.8.1. Cytotoxicity Evaluation by MTT. The cytotoxicity
activity of S. longifolium extract and its synthesized AuNPs
was determined using MG-63 human ostoesarcoma cells by

MTT assay (Figure 9). The results showed dose-dependent
cytotoxic effect of both seaweed extract and AuNPs. A
maximum inhibition of 72.5% was observed in seaweed
extract whereas the AuNPs showed 81.5% inhibition at
higher concentration of 80 ng/ml indicating that the
seaweed-synthesized AuNPs is more potent than seaweed
extract alone. The IC50 was found to be 32ng/ml for sea-
weed extract and 23.58 ng/ml for AuNPs, respectively. Ear-
lier published data have reported that AuNPs induce
cytotoxicity by means of oxidative stress which results in
production of reactive oxygen species thereby causing
impairment in mitochondria function, ultimately resulting
in cell death [33, 34].

4.8.2. Apoptosis Assay by EtBr/AO Dual Staining. MG-63
cells were treated with seaweed extract and AuNPs. After

(a) (b)

(c) (d)

(e)

Figure 10: Induction of apoptosis by seaweed extract and its mediated synthesis AuNPs. (a) Untreated control; (b) seaweed extract 16 ng/
ml; (c) seaweed extract 32 ng/ml; (d) AuNPs 12 ng/ml; (e) AuNPs 24 ng/ml. Magnification: 20x.
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24 h incubations, the cells were stained using EtBr/AO dual
stain and the morphological changes were observed by
examining under fluorescent microscope. Dual staining of
the treated and control cells demonstrated induction of
apoptosis by the seaweed extract and AuNPs. Viable cells
emitted green fluorescence while early and late apoptotic
cells appeared yellowish orange and orange in colour
(Figure 10). Red fluorescence indicates necrosis. Previously
published data has demonstrated that oxidative stress trig-
gers apoptosis by activation of p38 MAPK pathway (34).
In line with this, the present study findings have shown that
the synthesized AuNPs might have induced apoptosis by
oxidative stress-mediated pathway. However, further studies
are needed to elucidate the mechanism of action.

5. Conclusion

In this present study, we have reported an eco-friendlymethod
for green synthesis gold nanoparticle synthesized frommarine
seaweed S. longifolium. The results demonstrated the presence
of elemental gold. Both seaweed extract and AuNPs exhibited
significant free-radical scavenging activity indicating that they
possess antioxidant effect. Also, the nontoxic nature of AuNPs
was also confirmed by brine shrimp lethality assay. The cyto-
toxic and apoptotic effect of the AuNPs was also confirmed in
MG-63 cell line which might be due to induction of oxidative
stress in the MG-63 cells. However, in vivo and molecular
studies are warranted in future to elucidate the exact mecha-
nism of anticancer effect rendered by S. longifolium-
mediated synthesized AuNPs.
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Cyclophosphamide (CP) alkylates DNA and RNA produce crosslinks that cause gene expression and protein synthesis inhibition
to exert its anticancer effect. However, adverse effects of CP have restricted the CP application in cancer treatment. We investigate
coenzyme-Q10 (Q10) and piperine (P) protective role on CP oxidant and inflammatory effect. HuH-7 cells were exposed to
varying concentrations and combinations of Q10, P, and CP and evaluated intracellular ROS generation as well as
inflammatory responses upon exposure. Our results showed Q10 and/or P suppressed both basal and CP-induced ROS
generation without upsetting the balance in activities of SOD, catalase, and GSH levels. Analysis of proinflammatory cytokine
gene expression showed that CP treatment alone only induced expression of IL-6β. However, coexposure of the cells to both
Q10 and CP caused significant suppression of basal Cox-2 and TNF-α gene expression, while coexposure of the cells to CP and
P with Co-Q10 suppressed basal IL-1β gene expression. Q10 also suppressed CP-induced expression of Cox-1. P and CP
suppressed basal expression of IL-6β and IL-12β, while P and Q10 suppressed CP-induced IL1-α gene expression. Taken
together, both Q10 and P seem to be inhibiting NFκβ pathway to suppress CP-mediated inflammation. In conclusion, Q10
and/or P induced suppression of ROS generation mediated by CP and also suppressed CP-induced inflammation by inhibiting
expression of specific inflammatory cytokine.

1. Introduction

Several chemotherapeutic drugs used to treat different
types of cancer diseases. Some of those drugs have been
failed due to adverse effect exhibited by the drugs prevent-
ing their continued application in treating cancer patients.
One such compound which is widely restricted is cyclo-
phosphamide (CP). CP is an anticancer drug used in treat-
ment of various solid tumors such as in the breast, lung,
and prostate cancers, in addition to blood disorders like
leukemia and lymphoma [1–4]. Unfortunately, adverse
effects such as hepatotoxicity, nephrotoxicity, cardiotoxi-

city, and severe immunotoxicity have restricted the use of
CP in cancer treatment [5].

CP is an alkylating agent metabolized by cytochrome
p450 (CYP450) liver enzyme to phosphoramide and acro-
lein, in which alkylates DNA and RNA produce cross-
links that inhibit gene expression and protein synthesis
[6]. Furthermore, CP metabolism results in generation
of active carbonium ions, an electrophile that attack elec-
tron rich nucleic acids in DNA, RNA, and proteins caus-
ing DNA damage and producing reactive oxygen species
(ROS) [7]. The ROS generated due to administration of
CP further result in DNA damage and perturbation in
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the oxidant-antioxidant balance in the cell, negatively affect-
ing cellular homeostasis even in normal healthy cells.

One downstream effect of ROS generation is induction
of inflammation. ROS generation induces activation of dif-
ferent transcription factors like NFκβ, which regulates
expression of proinflammatory cytokines like interleukin 6
(IL-6) and tumor necrosis factor α (TNF-α) which subse-
quently result in activating cycloxegenase-2 (COX-2) [8].
Interestingly, there are studies on chemotherapeutic agents
such as CP inducing inflammation via ROS-induced activa-
tion of NFκβ [9]. In addition, NFκβ activation may also
result in activation of additional transcription factors such
as STAT-3 which in turn activates IL-6 expression creating
sustained inflammatory response loop [10]. Girard et al.
[11] showed in rat model that CP induced bladder inflam-
mation through activation of JAK/STAT pathway involving
expression of IL-6 and IL-6Rα. Moschella et al. [12] also
demonstrated in a mouse model that CP treatment resulted
in expression of gene and protein belonging to IL-1 family
members such as IL-1β, IL-18, and interferon γ (IFN-γ).

In order to prevent or minimize the adverse effects of CP
and its metabolite to improve it for therapy in cancer is to
employ less toxic drugs. Natural antioxidant products are
explored for therapeutic purposes because such perceived
safety against normal healthy cells. Piperine (P) is an alka-
loid that is found in black pepper (Piper nigrum L.). P is a
pharmacoactive agent known to possess hepatoprotective,
antioxidant, and immunomodulatory effects [13]. Similarly,
coenzyme Q10 (Q10) is a naturally occurring compound in
mammalian cells with repeating isoprene units that has been
investigated for alleviating the toxicity of different com-
pounds due to its antioxidant properties [14]. For instance,
Q10 has been used to suppress cisplatin-mediated oxidative
stress which induces inflammation, necrosis, and apoptosis
in renal tissue via its antioxidant activities [15]. Similarly,
Q10 has been used to alleviate toxicity of anthracycline,
tamoxifen, and doxorubicin [16–18]. Here, we explored P
and Q10 as protective agents against inflammation and oxi-
dative stress induced by CP. We investigated CP cytotoxic
effect alone and with Q10 and P in HuH-7 cell line and eval-
uate the oxidative stress, antioxidant levels, and inflamma-
tory responses in HuH-7 cell line.

2. Methodology

2.1. Preparation of the Treatments. CP (MedChemExpress
LLC, USA), P, and Q10 (BioPiperine®USA) were dissolved
in DMSO to make 1mg/1ml.

2.2. MTT Assay. HuH-7 (ATCC, USA) were cultured in 70%
DMEM supplemented with 30% FBS and 1% penicillin-
streptomycin and incubated at 5% CO2 and 37°C. Cell
viability and proliferation were both determined using an
MTT assay (Mosmann, 1983). Cells were cultured in 24-
well plate after which they were incubated at above condi-
tions for 24 h. The cells were exposed to predetermined
concentrations of P, CP, Q10 alone, or combination of P
and/or Q10 with CP for 48h. MTT solution (100μl) was
added, and cells were returned to incubator for 4 h. Medium

was aspirated from the culture plate, and formed crystals
were dispersed in isopropanol (1ml/well) in 0.04 HCl
followed by shaking at RT for 12 minutes to ensure complete
solubilization. Afterwards, 100μl of the media from each
well was added into a 96-well plate for absorbance measure-
ment at 540 nm (multimode Microplate Reader-Gen5™, Bio-
Tek Cytation 5™, USA).

2.3. Lactate Dehydrogenase Assay (LDH Assay). Cell viability
and membrane integrity were assessed by performing LDH
assay kit (MAK066 Sigma-Aldrich, St Louis, USA). Briefly,
the cells were seeded as above 100μl of medium, then incu-
bated under above conditions for 24 h. The media was aspi-
rated, discarded, and then, replaced with 200μl of new
medium for each well. Cells were then exposed to 10μg/ml
of CP, 12μg/ml P, 10μg/ml Q10, 12μg/ml of P+Q10, and
combination of CP+P, CP+Q10, and CP+ P+ Q10 as in
the individual concentrations for 48 h. Then, the supernatant
(50μl) was transferred to new 96-well plate followed by
addition of 50μl of the Master Reaction Mix to each well.
The cells were mixed and incubated on a horizontal shaker
for 3min in the dark. The OD was measured at 450nm
using the spectrophotometer. The plate was reincubated,
and OD was measured twice every 5mins.

2.4. Oxidative Stress

2.4.1. Production of ROS. ROS production was evaluated by
H2DCF-DA (Dikalov et al., 2007). ROS was assayed using
the Cayman-ROS Detection Cell-Based Assay Kit following
manufacturer’s instruction. Briefly, the HuH-7 cells were
seeded in black 96-well plate of 5 × 104/well for 24 h under
above incubation conditions. Cells were exposed to each
treatment for 48h as above, and then, the media was
replaced with 100μl of diluted H2DCF-DA dye solution,
which was prepared by adding 1μl of H2DCF-DA dye to
99μl of MEME in the dark; the plates were returned to the
incubator for 60min. Absorbance analysis was done at exci-
tation wavelengths of 480 and emission 530nm in a micro-
plate reader. To monitor the intracellular ROS under
microscope, cells were seeded in 6-well plate and incubated
for 24 h. After that cell were exposed as above for 48 h, then
the medium was replaced with 1ml diluted H2DCF-DA
solution in the dark 1 h. The cells were washed in pre-
warmed PBS for 3 times. Fluorescent images were taken by
DMLB fluorescence microscope (Leica, Germany) and ana-
lyzed using the ImageJ software (version 1.51, NIH, Bethesda,
MD, USA).

2.4.2. Catalase Activity. The assessment of CAT activity was
achieved by catalase colorimetric Kit, K773-100, BioVision.
Briefly, the HuH-7 cells seeded in 25ml flask of 1 × 106
cells/ml culture media were incubated for 24h. Treatments
were applied as before. After incubation, cells were washed,
and then, 1ml cold assay buffer was added. Immediately,
cells were scraped and vortexed for 2min, followed by
centrifuging at 12000 rpm at 4°C for 7min. After this, sam-
ples were added/well, and the total volume was adjusted to
78μl with assay buffer. To stop the reaction, 10μl of stop
solution was added, and then, 12μl of fresh (1mM H2O2)
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was added to start the reaction. Cells were incubated for
30min at 25°C, and 10μl of stop solution was added to each
sample well. The developer mix (50μl) was added to each
sample, mixed well, and incubated for 10min at 25°C. OD
was then measured at 570nm.

2.4.3. Superoxide Dismutase (SOD). The assessment of SOD
activity was conducted by SOD kit (Cayman Chemical,
Michigan USA). The HuH-7 cells were seeded in 25ml flask
of 1 × 106 cells/well for 24h. Treatments were done as above
h. Cells were washed, and 1ml cold SOD lysis buffer (pH7.2)
was added. Cells were collected and sonicated for 2min, then
centrifuged at 12000 rpm at 4°C for 8min. Then, 500μl of
supernatant was transferred into new Eppendorf tubes, and
200μl of radical detector was added, followed by adding 10μl
of each sample (cell lysates), and then, 20μl of diluted xan-
thine oxidase was added. The cells were incubated at RT for
10min. OD was measured at 460nm (Synergy-H1; BioTek).

2.4.4. Glutathione (GSH). Evaluation of total glutathione
(GSH) content was analysed using Glutathione assay kit
(Cayman Chemical, Michigan USA). Briefly, the HuH-7 cells
were cultivated in 25ml flask for 24h. After treatment 1ml
of cold buffer (0.4M 2-(N-morpholino) ethanesulfonic acid,
0.1M phosphate, and 2mM EDTA, pH = 6) at 4° C was added
to each flask. Cells were collected and sonicated for 2min after
which they were 2 centrifuged at 12000 rpm at 4°C for 8min.
Then, 500μl of supernatant and 50μl of sample (cell lysate
from treated and control cells) were added to each well. A
150μl of freshly prepared cocktail assay was added and mixed
well by pipetting; plate was in the dark on an orbital shaker.
OD was recorded at 405nm (Synergy-H1; BioTek).

2.5. Gene Expression

2.5.1. RNA Extraction. Briefly, HuH-7 cells were cultured
and exposed as before. After incubation, the cells were
washed with cold PBS, and 2ml of Trizol was added to each
flask on ice for 5min. 1ml of cells was transferred into
Eppendorf tubes (1ml/tube) after which 200μl of cold chlo-
roform was added. Tubes were mixed and then centrifuged
at 15000 rpm for 10min at 4°C. Then, 500μl of supernatant
was added followed by addition of 500μl iso-propanol alco-
hol to each tube, gently mixed, and incubated for 10min on
ice followed by centrifuged at 12000 rpm for 15min at 4°C.
Supernatant was discarded; 1ml of cold absolute ethanol
was added and gently mixed for 15 sec. Tubes were centri-
fuged at 10000 rpm for 5min and 4°C, and the step was
repeated. Supernatant was discarded, and tubes were allowed
to dry for 15min, and 30μl of DEPC water was added. Con-
centration and purity of RNA were measured by Nanodrop
8000 (Thermo Fisher Scientific, USA).

2.5.2. Complementary DNA (cDNA) Synthesis. cDNA synthe-
sis kit GoScript™ Reverse Transcriptase (CATNoA5003, Pro-
mega, USA) was carried out according to manufacturer
instructions. Briefly, 0.5μl Oligo (dT) and 0.5μl random hex-
amer primer were added to a PCR tube. Total RNA and
nuclease-free water were added up to 5μl total volume. PCR
tubes were placed in the thermal cycler (TECHNE, UK) at

70°C for 5min. Afterwards, 15μl of mater-mix was added to
each sample and placed in thermal cycler. After cycle comple-
tion, 180μl of nuclease-free water was added to each cDNA
sample (total volume of each sample was 200μl).

2.5.3. Quantification of mRNA Expression. Quantitative
analysis of mRNA expression was performed by RT-PCR
through PCR amplification (cDNA) in CFX96™ real-time
system (BIO-RAD, USA) using KAPA SYBER FAST Uni-
versal qPCR Kit (Cat No. KK4600, KAPA BIOSYSTEM,
USA). The RT-PCR data analysis was done using the relative
gene expression (i.e., ΔΔCt) method, as described previously
(Livak and Schmittgen, 2001).

2.6. Statistical Analysis. The SPSS software (ver.22; SPSS Inc.,
Chicago, IL, USA) was used to analyze the obtained data.
Data were examined by using two-way ANOVA, followed
by a post hoc LSD (least significant difference) test, and
results were presented as average ± SE. p < 0:05 were consid-
ered statistically significant.

3. Results

3.1. P and Q10 Exhibit Lower Cytotoxicity vs. CP.MTT assay
was performed to determine the cytotoxicity of CP and
impact of P and Q10 on CP’s cytotoxicity, postexposure to
the compounds. We observed dose-dependent decrease of
cell survival for all the compounds. Both P and Q10 had
similar impact on cell viability at 5μg/ml compared to unex-
posed cells while CP significantly induced cell viability at
5μg/ml compared to the control unexposed cells. Similarly,
we found that coexposure of the HuH-7 resulted in less cyto-
toxic effect compared to CP (Table 1).

3.2. P and Q10 Enhance Permeabilisation of HuH-7 Cell
Membrane. Findings from LDH assay indicated a significant
loss of membrane integrity after exposure of the cells to all
investigated compounds when compared to untreated cells
after 48 h (Figure 1). However, combination of CP+P or
CP+Q10 or CP with both P and Q10 significantly increased
permeability of the cell membrane compared to CP. This
indicates P/Q10 seems to enhance cell membrane permeabi-
lisation effect of CP alone.

3.3. Induction of (ROS). A significant increase in ROS level
posttreatment with CP compared with control unexposed
cells (p < 0:05). Contrastingly, single exposure to either of
P or Q10 alone or combination of both compounds resulted
in significant suppression of ROS generation compared to
control cells (p < 0:05). Furthermore, coexposure of the cells
to either of CP+P, CP+Q10, and CP+P+ Q10 significantly
suppressed ROS generation compared to exposure to CP
alone (Figures 2(a) and 2(b)).

3.4. Catalase (CAT) Activity. Based on the suppressed ROS
generation observed above, we proceeded to assess catalase
activity in the cell postexposure to the compounds. Our
findings showed significant reduction in CAT activity post-
treatment with P, CP+Q10, and CP+P+Q10 was signifi-
cantly reduced after 48 h (∗p < 0:05, ∗∗p < 0:01) (Figure 3).
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3.5. Superoxide Dismutase (SOD). This enzyme catalyzes the
conversion of superoxide radical into less-toxic hydrogen
peroxides to help healthy cells actively fight oxidative
stress. After treatment, a significant drop in activity of
SOD due to CP exposure was observed compared to the
control cells (∗∗p < 0:01). In addition, reduction in SOD

activity was observed after treatment with other investi-
gated compounds compared to control although these were
not significant. Similarly, a nonsignificant increase in SOD
activity was observed after treatment with CP+P, CP+Q10,
and CP with both P and Q10 compared to CP alone
(Figure 4).
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Figure 1: Effect of CP, PIP, and CoQ-10 on LDH % in HuH-7 cell lines when treated for 48 h (∗p < 0:05, ∗∗∗p < 0:001) compared to the
control group (#p < 0:05, ##p < 0:01) compared with CP.

Table 1: Cell viability of HuH-7 cells after treatment with CP, PIP, CoQ-10, and PIP+CoQ-10 for 48 hrs as evaluated by MTT assay. Each
value represents the mean ± SE (n = 3) (∗p < 0:05, ∗∗p < 0:01, ∗∗∗p < 0:001) compared with control.

Treatments Concentrations (μg/ml) Average Viability (%) IC50 (μg/ml)

Control — 0:557 ± 0:001 100

CP

5 0:373 ± 0:003 67.05∗∗

10

10 0:273 ± 0:003 49.1∗∗∗

15 0:175 ± 0:004 31.5∗∗

20 0:138 ± 0:006 24.8∗∗∗

25 0:093 ± 0:002 16.6∗∗∗

PIP

5 0:523 ± 0:12 93.9

16

10 0:382 ± 0:07 68.6

15 0:275 ± 0:007 49.4∗∗

20 0:231 ± 0:02 41.5∗∗

25 0:186 ± 0:02 33.4∗

Q10

5 0:44 ± 0:001 78.9

15

10 0:368 ± 0:01 66∗

15 0:277 ± 0:02 49.7∗

20 0:206 ± 0:01 37∗∗

25 0:161 ± 0:02 28.9∗

PIP+Q10

5 0:42 ± 0:07 75.4

18

10 0:387 ± 0:04 69.4

15 0:338 ± 0:05 60.7

20 0:258 ± 0:05 46.4

25 0:231 ± 0:05 41.4
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3.6. Glutathione (GSH). Glutathione (GSH) plays a crucial
function in removal of many reactive species. HuH-7 cells
were exposed to CP, P, Q10, and in combination with CP.
Our result as shown in (Figure 5) indicated nonsignificant
reduction in GSH level when exposed to CP, P, and Q10
but there was significant decrease in GSH level after treat-
ment with combination of P+Q10 and combination of CP
+P and CP+P+ Q10 compared to CP.

3.7. Gene Expression

3.7.1. Inflammatory Marker Genes at Transcriptional Level.
Gene expression of Cox-1 was found higher in cells exposed
to CP alone. However, coexposure of the cells to CP and
Q10 resulted in significant reduction in Cox-1 gene

expression (#p < 0:05). We found that coexposure of the
cells to CP and either of P or P+Q10 as well as single
exposure to P alone resulted in considerable reduction of
Cox-1 expression (Figure 6). Assessment of Cox-2 expres-
sion produced a contrasting finding to that of Cox-1. We
found Cox-2 expression after exposure to P or Q10 led
to a significant increase in expression of Cox-2 gene com-
pared with untreated cells. Similarly, exposure to CP alone
also considerably increased Cox-2 gene expression. On the
contrary, coexposure of the cells to CP and Q10 led to
significant decrease of Cox-2 expression compared to con-
trol cells (∗p < 0:05). Furthermore, when CP was com-
bined with P and/or Q10, Cox-2 gene expression was
maintained at the levels of the control unexposed cells
(Figure 6).
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Figure 2: (a) The production of ROS in HuH-7 cells as stained with fluorescence dye (DCFH-DA) after treatments. Bar: 400 μm. (b)
Induction of ROS levels in HuH-7 after treatment with CP, PIP, and CoQ-10 for 48 h. Each value represents the mean ± SE (n = 3)
(∗p < 0:05, ∗∗p < 0:01, ∗∗∗p < 0:001) compared with control (#p < 0:05, ##p < 0:01, ###p < 0:001) compared with CP.
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The expression of TNF-α was assessed in the HuH7-
treated cells after 48 h. Current results indicated that expres-
sion of TNF-α was significantly upregulated after treatment
with P, Q10, P+ Q10, CP+P, and CP+ Q10 compared to
untreated cells (∗p < 0:05, ∗∗p < 0:01). Furthermore, when
CP was combined with P and Q10, there was an insignificant
downregulation of TNF-α expression compared to CP alone.
The expression of IFN-γ was considerably increased after
exposure to CP. However, a decrease in IFN-γ gene expres-
sion was observed after exposure to P alone or with Q10
and CP with P or with Q10. CP combination with P and
Q10 resulted in similar level s of IFN-γ expression as in
the control untreated cells. Assessment of IL-1α expression
showed that exposure to P alone or with CP and/or P+Q10
caused significant downregulation of IL-1α expression com-
pared to untreated control cells (∗p < 0:05, ∗∗p < 0:01, and
∗∗∗p < 0:001). In addition, P alone or with Q10 led to signif-
icant reduction in IL-1α expression compared to CP
(#p < 0:05) (Figure 6). This suggests that coexposure of the

cells to P alone or with Q10 suppresses both basal and CP-
mediated IL-1α expression. Figure 6 shows the results
obtained for IL-1β expression. Upon exposure of the HuH-
7 cells to P, P+Q10, and CP+ P+Q10, expression of IL-1β
was significantly downregulated when compared with the
untreated cells (∗p < 0:05, ∗∗p < 0:01). Furthermore, consid-
erable but not statistically significant downregulation of the
gene expression was observed after cotreatments with CP
+P, CP+Q10, and CP+P+Q10 compared to CP alone
(Figure 6). This suggests that coexposure of the cells to P
alone or with Q10 suppresses both basal and CP-mediated
IL-1β gene expression.

Analysis of IL-6β expression after treatments of HuH-7
with CP, P, Q10, and P+ Q10 for 48 h indicated a signifi-
cantly increased IL-6β gene expression compared to
untreated cells (∗∗p < 0:01, ∗∗∗p < 0:001). In contrast, treat-
ments of the cells with CP+P, CP+Q10, and CP+P+ Q10
led to significantly decreased compared to CP (#p < 0:05,
## p < 0:01) (Figure 6). This finding indicates coexposure
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Figure 3: CAT levels in HuH-7 after treatment with CP, PIP, Q-10, and in combination of CP with each compound for 48 hr. Data present
represents the mean ± SE (n = 3) (∗p < 0:05, ∗∗p < 0:01) compared with untreated control.
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Figure 4: SOD levels in HuH-7 after treatment with CP, PIP, CoQ-10, and in combination of CP with each compound for 48 hr. Data
present represents the mean ± SE (n = 3) (∗p < 0:05) compared with untreated control.
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of the cells to P and/or Q10 suppresses both basal and
CP-mediated IL-6β gene expression. The obtained results
from IL-12β analysis showed that expression of IL-12β
was significantly downregulated by exposure of the cells
to P, Q10, P+Q10, CP+P, and CP+P+Q10 compared to
control cells (∗∗p < 0:01, ∗∗∗p < 0:001) (Figure 6). The expres-
sion of IL-22 gene was unaffected by all the compounds alone
or in combination except for CP+Q10 exposure.

4. Discussion

Some side effects hampering the application or administra-
tion of CP in cancer treatment includes associated oxidative
stress and inflammation [19]. In this study, we evaluated the
impact of two naturally occurring compounds, P and Q10,
as protective agents that can mediate suppression of inflam-
mation and oxidative stress induced by CP. One of the uses
of CP is in treatment of liver cancer. The first step in the
activation reaction of CP occurs in the liver microsomal oxi-
dation system in a process that produces 4-hydroxy-CP, a
cytotoxic metabolite that diffuses from liver cells into the
plasma and then to other organs in the body. As such, we
have selected the HuH-7 cell line, as a hepatocellular carci-
noma model [20]. Findings from this study showed that
HuH-7 cell treatment with CP significantly reduced cell via-
bility with an IC50 of 10μg/ml higher than the IC50 of P
and Q10 alone or in combination, indicating CP was more
cytotoxic compared to P and Q10. This reiterates the cyto-
toxicity of CP as supported by previous studies in hepatocar-
cinoma cells [21–23]. One of the toxicity mechanism of CP
is through generation of intracellular ROS, which causes oxi-
dative stress. Investigation of ROS generation upon CP treat-
ment showed that the HuH-7 cells underwent significant
oxidative stress based on the increased ROS generation in
comparison to the control untreated cells. The increased
ROS generation by CP led to our assessment of some oxida-
tive markers such as catalase, SOD, and GSH. We found that
CP treatment caused reduction in SOD activities while cata-

lase activity and GSH levels were unaffected. This finding is
supported by Germoush and Mahmoud [24], who showed
CP induced suppression of SOD activity and GSH levels in
a rat model. Oxidative stress within a cell is a measure of
the balance between pro- and antioxidant activities.
Increased ROS in a normal cell is followed by increased
levels and activities of antioxidants such as catalase, SOD,
and GSH to metabolize the ROS. SOD will convert ROS to
H2O2 while catalase converts the H2O2 into oxygen and
water [25]. However, inadequate levels or activities of these
antioxidants that can cope with the generated ROS as
observed in CP-treated cells result in detrimental oxidative
stress [26, 27]. P and Q10 were both found to significantly
suppress ROS generation alone or during coexposure. Simi-
larly, we found P and Q10 suppressed CP-induced ROS gen-
eration in HuH-7 cells alone or when they are both
coexposed with CP. This finding may be because of both P
and Q10 antioxidant activities. P is initially oxidized to form
a catechol that has an antioxidant activity that is known to
be neuroprotective [28]. Q10 is an important electron accep-
tor during ATP synthesis, making it an important com-
pound for normal cellular energy homeostasis. In addition,
Q10 is effective against oxidation that results in modifica-
tions of organic and genetic materials. Q10 level often
declines in some diseases correlated with increased ROS
generation and activity and deficiency of Q10 results in
decreased cell efficiency consequent upon respiratory chain
dysfunction, which is characterized with insufficient produc-
tion of high-energy compounds [29]. The finding in our study
indicates that P and/or Q10 did not influence SOD activity
while they suppressed catalase activity and GSH level. This
finding shows that both P andQ10maintained the antioxidant
and prooxidant balance since ROS generation is suppressed
requiring no activity of the antioxidant parameters.

Intracellular ROS can induce activation of cellular path-
ways mediating activities of redox sensitive transcription
factors like nuclear factor-κβ (NF-κβ) which then activate
expression of proinflammatory proteins like cox-2, IL-1β,
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Figure 5: GSH levels in HuH-7 after treatment with CP, PIP, Q-10, and in combination of CP with each compound for 48 hr. Data present
represents the mean ± SE (n = 3) (∗∗p < 0:01) compared with untreated control (#p < 0:05, ##p < 0:01) compared with CP.
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IL-6, and TNF-α [10, 30]. Induction of proinflammatory
cytokines like Cox-2 can lead to increased levels of prosta-
glandin, resulting in recruitment of more inflammatory cells
followed by and stimulation of inflammatory responses and
generation of ROS [31]. Similarly, this sustained loop of
inflammation is seen during induction of IL-6β resulting
from NFκβ activation. IL-6β binds its receptor, IL-6R, which
activates STAT-3, a transcription factor regulating transcrip-
tion of NFκβ with further expression of IL-6β [32].

We found that CP treatment alone did not induce gene
expression of any of the proinflammatory cytokines we eval-

uated except for IL-6β. However, coexposure of the HuH-7
cells to Q10 and CP caused significant suppression of basal
Cox-2 and TNF-α gene expression while coexposure of the
cells to CP and P with Co-Q10 suppressed basal IL-1β gene
expression. Q10 also suppressed CP-induced expression of
Cox-1. Similarly, P and CP suppressed basal expression of
IL-6β and IL-12β, while P and Q10 suppressed CP-
induced expression of IL1-α. These findings suggest that
anti-inflammatory effect Q10 and P of CP-mediated inflam-
mation is due to inhibition of NFκβ pathway. NFκβ activa-
tion controls the regulation of myriads of inflammatory
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Figure 6: mRNA levels of inflammatory related genes in HuH7 cells after treatments for 48 h. Each value represents the mean ± SE of three
experiments. n = 3 (∗p < 0:05, ∗∗p < 0:01, ∗∗∗p < 0:001) vs. control.
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proteins including the aforementioned proteins that were
inhibited in this study [33]. These findings are in line with
other studies that have investigated anti-inflammatory activ-
ities of natural compounds on CP. Mansour et al. [34]
showed that genistein inhibited CP-induced Cox-2 expres-
sion. Similarly, Vernonia cinerea was also reported to sup-
press CP-induced TNF-α gene expression in a mouse
model [19]. Contrastingly, the anti-inflammatory roles of P
and Q10 as illustrated in this study are supported by those
of other studies. P has been shown to suppress protein
expression of inflammatory proteins like Cox-2, IL-6, and
IL-8 through suppression of ROS in HaCaT cells [31]. P also
downregulates gene expression of IL-1β in human osteoar-
thritis chondrocytes [35]. Also, IL-1β-mediated expression
of Cox-2 gene and protein was abrogated. In a similar man-
ner, there are studies showing anti-inflammatory activities of
Q10, supporting our findings here on the impact of Q10 on
CP-mediated inflammation. Q10 has been demonstrated to
mediate its antiapoptotic and anti-inflammatory activities,
via redox-dependent mechanisms. For instance, it has been
shown that Q10 supplementation causes reduction in plasma
levels of IL-6, TNF-α, and C-reactive protein (CRP) [36].

5. Conclusion

Our findings shows that Q10 and/or P induced suppression
of ROS generation mediated by CP. We also found that Q10
and P suppressed CP-induced inflammation by inhibiting
gene expression-specific inflammatory cytokine. This anti-
inflammatory role of Q10 and P is likely linked to their anti-
oxidant mechanism. Findings from this study thus show that
Q10 and P may have protective effect on oxidant and
inflammatory side effects of CP.
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Betamethasone is an important glucocorticoids (GCs), frequently used to cure allergies (such as asthma and angioedema), Crohn’s
disease, skin diseases (such as dermatitis and psoriasis), systemic lupus erythematosus, rheumatic disorders, and leukemia. Present
investigation deals to find potential agonist of glucocorticoid receptors after biotransformation of betamethasone dipropionate (1)
and to carry out the molecular docking and ADME analyses. Biotransformation of 1 was carried out with Launaea capitata
(dandy) roots and Musa acuminate (banana) leaves. M. acuminate furnished low-cost value-added products such as Sananone
dipropionate (2) in 5% yields. Further, biocatalysis of Sananone dipropionate (2) with M. acuminate gave Sananone propionate
(3) and Sananone (4) in 12% and 7% yields, respectively. However, Sananone (4) was obtained in 37% yields from Launaea
capitata. Compound 5 was obtained in 11% yield after β-elimination of propionic acid at C-17 during oxidation of compound
1. The structure elucidation of new compounds 2-5 was accomplished through combined use of X-ray diffraction and NMR
(1D and 2D) studies. In addition to this, molecular docking and ADME analyses of all transformed products of 1 were also
done. Compounds 1-5 showed -12.53 to -10.11 kcal/mol potential binding affinity with glucocorticoid receptor (GR) and good
ADME profile. Moreover, all the compounds showed good oral bioavailability with the octanol/water partition coefficient in
the range of 2.23 to 3.65, which indicated that compounds 1-5 were in significant agreement with the given criteria to be
considered as drug-like.
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1. Introduction

Glucocorticoids (GCs), a group of steroid hormones, regu-
late various metabolic and homeostatic functions including
growth, apoptosis, developmental behavior, and inflamma-
tion that are necessary for life [1]. GCs are one of the most
frequently prescribed medications worldwide. They mediate
their signals by specific receptor protein, namely, glucocorti-
coid receptor (GR). The GR is a transcription factor classi-
fied within the nuclear receptor (NR) superfamily and
consists of three conserved domains: an N-terminal transac-
tivation domain, a central DNA-binding domain (DBD),
and a C-terminal ligand-binding domain (LBD) [2]. Pred-
nisolone, dexamethasone, and corticosteroid analogs are
used to treat diverse medical conditions associated with
GR. However, these medications are associated with a num-
ber of side effects [3, 4]. Thus, identification of potential
ligands against GR, which may decrease the off-target effects,
is of great interest.

The breadth of biocatalyzed reactions covers the synthe-
ses of myriad of compounds that otherwise possess major
challenges in organic syntheses. Biocatalysis proves a low-
cost chemical process that is environmentally friendly as
well. It avoids high temperature, use of organic solvents,
and toxic chemicals to achieve target compounds. However,
in present era, there has been rising demand for safer chem-
ical methods that furnish diversity of compounds. Conse-
quently, biocatalytic methods that are alternate of historical
chemical processes provide surety about green environment
and decrease the cost of final products [5]. Biotransforma-
tion is replacement of toxic chemicals by the enzymatic abil-
ity of an organism that can lead towards variety of reactions
at inactivated position [6].

Several interesting biotransformations of small mole-
cules using different fruits and vegetables have reported in
literature [7–10] but no such method is reported for the ste-
roidal compounds. Steroidal compounds have large assort-
ment in clinical applications with diversified
functions—they are second biggest class of present-day
drugs [11]. Steroidal compounds are captivating substrates
for biotransformations because of their inactivated carbons
and immense biological activities that make chemical alter-
ations complex. The most common class of steroids is gluco-
corticoids that comprise betamethasone,
methylprednisolone, dexamethasone, and prednisolone.
Betamethasone dipropionate is a synthetic glucocorticoid
and widely used for the skin problems [12]. Bioconversion
or biotransformation of steroids by microorganisms can be
a single reaction or tandem reactions [13]. Hydroxylation
of steroids has been done using bacteria and fungi [14].

Therefore, present study deals with biocatalyzed trans-
formation of relatively bigger molecules such as betametha-
sone dipropionate (1) and its derivative (2). Musa
acuminate (banana) leaves and Launaea capitata roots were
used to get low-cost value-added products of betamethasone.
To best of our knowledge, this is the first study of using
plants for the biotransformation of tetracyclic steroidal skel-
eton and herein molecular docking studies were also carried
out using GR crystal structure to determine the potency of

all the biotransformed products of betamethasone dipropio-
nate as potential drug.

2. Materials and Methods

2.1. General Experimental Procedures. IR spectra were mea-
sured using Bruker Tensor 27 FT-IR spectrometer and Agi-
lent Technologies FTIR-ATR. NMR spectra were obtained
on a Bruker-AM-500 spectrometer. X-ray diffraction tech-
nique was done with Bruker D8 Venture diffractometer hav-
ing PHOTON II detector. The Thermo Scientific Vanquish
Horizon UHPLC was linked to LCMS (Thermo Scientific
Orbitrap FusionTM TribridTM) to get the mass spectra. The
UHPLC-LCMS elution was done using gradient of 0.1% for-
mic acid in H2O (A) and 0.1% formic acid in acetonitrile. All
compounds were purified through column chromatography
using silica gel (200–400 mesh, Sigma Aldrich). Thin-layer
chromatography (TLC) was carried on Silica Gel (60 F254)
Alumina sheets from Merck.

Betamethasone dipropionate was obtained from Lahore
Drug Testing Laboratory as a generous gift, while fresh M.
acuminate (banana) leaves and roots of L. capitata were col-
lected from Cholistan Institute of Desert Studies, The Isla-
mia University of Bahawalpur and identified by a
taxonomist, Dr. Muhammad Abdullah. Crystallographic
data for compounds 2, 3, and 5 have been deposited with
the Cambridge Crystallographic Data Centre as the supple-
mentary publication no. 2072132, 2072126, and 2072133,
respectively. Copies of the data can be obtained, free of
charge, on application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK (fax: +44-1223-336033; -mail:
deposit@ccdc.cam.ac.uk).

2.2. Biotransformation of 1 and 2. The fresh plant material
(M. acuminate leaves and L. capitata roots) was thoroughly
washed with distilled water and dried at room temperature.
The leaves were cut into approximately 1 cm2 pieces. Conse-
quently, the leaves (25 g) were transferred to the conical flask
containing 150ml of 0.2M phosphate buffer (pH7.0); and
then ,the solution of substrates (100mg) in 2ml of MeOH
was added into the reaction flask. The reaction mixture
was placed on orbital shaker (500 rpm) at room temperature
(35°C) for 72 h. Parallel control experiments were conducted
which included leaves, 0.2M phosphate buffer, and MeOH
without samples 1 and 2. The reaction products were
obtained by simple filtration of reaction mixture, followed
by extraction with ethyl acetate (3 × 150ml). The combined
organic extracts were dried at room temperature. The crude
reaction mixture was separated by silica gel column chroma-
tography eluting with a Hexane-EtOAc gradient to afford
compounds 2-4.

2.3. Spectral Data. Sananone dipropionate (2): white crystals
or greenish crystalline solid. IR (KBr, cm-1): 3019, 2366,
1732, 1635, 1214, and 741. 1H-NMR (500MHz, CDCl3):
Table 1 and 13C-NMR (125MHz, CDCl3): Table 1.

Sananone propionate (3): white solid. 1H-NMR
(500MHz, CDCl3): Table 1 and 13C-NMR (125MHz,
CDCl3): Table 1

2 BioMed Research International
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Sananone (4): white crystals or white solid. IR (cm-1):
3504,3260,1722,1707, 1660, 1599, 1066, and 899. 1H-NMR
(500MHz, CDCl3): Table 1 and 13C-NMR (125MHz,
CDCl3): Table 1

Sana-16,17-enone propionate (5): white crystals or solid.
IR (cm-1): 1725, 1743, 1658, 1625, 1602, and 886. 1H-NMR
(500MHz, CDCl3): Table 1 and 13C-NMR (125MHz,
CDCl3): Table 1

2.4. Molecular Docking. In the present study, molecular dock-
ing studies were carried out for the biotransformed products

of betamethasone dipropionate using the crystal structure of
glucocorticoid receptor (GR). All the compounds were
sketched in ChemBioDraw Ultra 14.0 [15]. Compounds were
further corrected and protonated using Structure Preparation
module of MOE v.2019. Crystal structure of GR in complex
with dexamethasone, an agonist and a coactivator motif
derived from the transcriptional intermediary factor 2, was
retrieved from Protein Data Bank under the accession code
1M2Z [16]. All the water molecules were deleted since; no
conserved water molecules were reported. The crystal struc-
ture was subjected to geometry correction using structure

Table 1: The 1H NMR (500MHz) and 13C NMR (125MHz) data of compounds 2–5.

No.
2 3 4 5

δH (mult., J
in Hz)

δC , type
δH (mult., J

in Hz)
δC , type

δH (mult., J in
Hz)

δC , type
δH (mult., J

in Hz)
δ, type

1 7.43 d (16.4) 151.2 CH 7.56m 153.3 CH 7.54 d (10.3) 153.0 CH 7.51 d (10.3) 151.6 CH

2 6.32 d (16.5) 129.8 CH
6.25 dd (2.0,

10.3)
128.4 CH

6.26 dd (2.0,
7.6)

128.5 CH 6.30 d (10.3) 129.6 CH

3 186.0 CO 186.0 CO 187.0 CO 186.0 CO

4 6.19 s 126.7 CH 6.18 s 125.2 CH 6.18 s 125.2 CH 6.18 s 126.8 CH

5 162.7 C 166.6 C 166.6 C 162.7 C

6
2.48m
1.92m

34.7 CH2
2.31m
2.27m

37.9 CH2 2.01m 46.7 CH
2.61m
2 .51m

31.3 CH2

7
2.02m
1.21m

28.2 CH2
2.00m
1.70m

29.5 CH2
2.03m
1.68m

26.9 CH
1.86m
1.74m

24.8 CH2

8 2.30m 51.0 CH 2.60m 42.5 CH 2.62m 42.6 CH 2.40m 47.4 CH

9
99.6 (J = 183:2

Hz, CF)
100.2 (J = 182:4

Hz, CF)
100.2 (J = 183:2

Hz, CF)
98.8 (J = 183:6

Hz, CF)

10 46.2 C - 38.0 C 46.3 C

11
204.1 (J = 27
Hz, CO)

205.9 (J = 26:9
Hz, CO)

205.9 (J = 27:1
Hz, CO)

204.1 (J = 27:4
Hz, CO)

12
2.63 d (11.9)

2.33m
47.4 CH2 - -

2.74 td (5.0,
10.0, 20.0)
2.50 d (19.5)

67.8 CH2
3.03 d (0.9)

2.81m
50.7 CH2

13 38.2 C - - 37.9 C - 35.5 C

14 1.73m 43.9 CH 1.27m - 1.30m 52.0 CH 1.27m -

15 0.87m 21.5 CH2 0.9m -
2.15m
1.23m

33.7 CH2 2.33m 37.7 CH2

16 3.43m 47.2 CH - 2.31m 46.8 CH 142.9 C

17 93.6 C 87.3 C 87.3 C - 153.5 C

18 0.77 s 14.7 CH3 0.88 s 14.2 CH3 0.91 s 14.5 CH3 0.99 s 17.2 CH3

19 1.26 s 31.9 CH3 1.59 s 20.6 CH3 1.59 s 20.6 CH3 1.54 s 21.4 CH3

20 198.3 CO 205.9 CO 211.5 CO 192.2 CO

21
4.74 d (16.4)
4.36 d (16.5)

67.6 CH2
4.96m
4.92m

69.2 CH2
4.50 d (19.5)
4.38 d (19.5)

87.3 CH2
4.96 d (16.0)
4.92 d (25.5)

68.2 CH2

22 1.36 d (7.3) 19.0 CH3 1.11 d (7.4) 18.3 CH3 1.12 d (7.3) 18.4 CH3 2.14 s 19.1 CH3

1′ 174.6 CO 173.9 CO 174.0 CO

2′ 2.47 q (11.4) 27.0 CH2 2.47m 26.6 CH2 2.50 q (15.1) 27.1 CH2

3′ 1.20m 8.86 CH3 1.18 t (10.0) 8.0 CH3 1.20 t (9.8) 10.8 CH3

1″ 173.9 CO

2″ 2.47 q (11.4) 27.0 CH2

3″ 1.20m 8.86 CH3

3BioMed Research International
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preparation module of MOE v.2019. Further hydrogens were
placed, and ionization states were assigned followed by energy
minimization using Amber10: EHT force field. Atomic coor-
dinates of cognate ligand were selected to define the docking
grid, and all the biotransformed products of betamethasone
dipropionate were docked into the define grid using Induce
Fit protocol. The docked poses were placed using Triangular
Matcher placement method while the resulting poses were
scored using London dG and GBVI/WSA dG as scoring and
rescoring functions, respectively. Highest ranked poses were
visually analyzed using the Chimera software [17].

2.5. In Silico ADME Analysis. For the assessment of physico-
chemical, pharmacokinetics, drug-likeness, and medicinal
chemistry friendliness properties of biotransformed prod-
ucts of betamethasone dipropionate, SwissADME (http://
www.swissadme.ch/), an online webserver, was used.
SMILES notation of all the compounds was subjected to sub-
mission webpage of SwissADME for the estimation of afore-
said properties.

3. Results and Discussion

Present study is one of its own kind in which medicinally
important betamethasone dipropionate (1) was subjected

to biocatalyzed transformation using Musa acuminate
(banana) leaves to get low cost and value-added products
2-4 (Scheme 1). The structure conformity of oxidized prod-
uct 2 was also done through its chemical synthesis
(Scheme 2) using K2Cr2O7 in equimolar ratio as per stan-
dard procedure in good yields (69%). However, compound
5 was obtained in 11% yield after β-elimination of propionic
acid at C-17 during oxidation of compound 1 using 2.0
equivalents of K2Cr2O7 along with desired compound 2 in
56% yields (Scheme 2).

M. acuminate treated biotransformation of betametha-
sone dipropionate (1) resulted oxidized product Sananone
dipropionate (2) in 5% yields. Compound 2 was again bio-
transformed with M. acuminate that led the formation of
Sananone propionate (3) in 12% with respect to starting
material along with a hydrolyzed and oxidized compound,
Sananone 4 in 7% yield. Compound 3 was obtained with
compound 4 in 3 : 1 ratios in the 1H-NMR. Interestingly,
compound 4 was also obtained from betamethasone dipro-
pionate (1) after biotransformation with Launaea capitata
roots in 37% yield (Scheme 1). The structures of new bio-
transformed compounds 2-4 and a synthetic compound 5
were established by combined use of IR and NMR (1D and
2D) and finally confirmed through X-ray diffraction studies.
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Sananone dipropionate (2) was obtained in the form of
white crystalline solid. Its molecular formula was deter-
mined by LC-MS m/z 503.2453 [M++1] as C28H35FO7 (Sup-
plemental Figure S1). In IR spectrum, a stretching at
1732 cm-1 indicated the oxidation of C-11 hydroxyl group
(Supplemental Figure S2). The 13C-NMR spectrum
exhibited 05 methyls, 07 methylenes, 06 methines, and 10
quaternary carbons (Supplemental Figure S4). There were
characteristic peaks of five carbonyl carbons, suggesting
that OH group attached to C-11 in compound 1 was
oxidized into keto group that appeared as a doublet at δC
204.1 (J = 27Hz) due to 13C-F coupling (Table 1). The two
geminal proton doublets at δH 2.63 (1H, d, J = 11:9Hz)
and a multiplet at δH 2.33 (1H, m) were linked to C-11
(carbonyl group) in HMBC (Supplemental Figure S6). The
COSY spectrum showed six isolated spin systems in the
respective compound (Supplemental Figure S7). The rest of
the skeleton remained intact (Table 1) as f the absolute
structures of Sananone dipropionate (2) were confirmed by
its single-crystal X-ray diffraction studies (Supplemental
Table S1).

Sananone propionate (3) was isolated as white solid. The
molecular formula was determined by LC-MS m/z 447.2187
[M++1] as C25H31FO6 (Supplemental Figure S8). The IR
spectrum showed a stretching at 1730 cm-1 for C=O group
and a broad peak 3190-3400 cm-1 for –OH group
(Supplemental Figure S9). All of the spectral features were

similar to compound 2 except for the absence of one ethyl
group as one propionate group was hydrolyzed, as
indicated by LC-MS analysis. Further, the 13C-NMR
spectrum revealed the presence of 04 methyls (CH3), 06
methylenes (CH2), 06 methines (CH), and 9 quaternary
carbon (C) signals (Supplemental Figure S10). The COSY
spectrum also showed four isolated spin systems in the
respective compound (Supplemental Figure S13). These
information suggested that in biotransformed compound,
Sananone propionate (3) has only one propionate group
and rest of the Sananone dipropionate (2) skeleton
remained intact (Table 1).

Sananone (4) was obtained as a white solid and later
crystalized into a white crystalline form. Its molecular for-
mula was determined by LC-MS m/z 390.1919 as
C22H27FO5 (Supplemental Figure S14). In IR spectrum, a
stretching at 1722 cm-1 indicated the oxidation of C-11
hydroxyl group. Two stretching at 3504 and 3260 cm-1

indicated the presence of hydroxyl group (Supplemental
Figure S15). In the 1H-NMR spectrum of the compound,
absence of two ethyl groups in the side chain revealed the
presence of completely hydrolyzed product (Supplemental
Figure S16). The presence of –OH group at C-21 and C-17
was also confirmed through a broad stretching band of
3504-3260 cm-1 in the IR spectrum. There appeared the
same sort of three deshielded protons in the 1H-NMR as of
compound 2. The 13C-NMR spectrum revealed three
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methyls (CH3), five methylenes (CH2), six methines (CH),
and eight quaternary carbon signals (C) (Supplemental
Figure S17). The COSY spectrum showed four isolated

spin systems in the respective compound (Supplemental
Figure S20). All ID and 2D NMR spectral information
supported complete hydrolysis of stating material 2.

Table 2: In silico ADME assessment and binding affinities of biotransformed products of betamethasone dipropionate.

Compounds
Binding affinity

kcal/mol
Mol. weight

g/ol
HBA HBD

TPSA
Å2 Log P GI absorption BBB P-gp substrate Lipinski violations

1 -10.94 504.59 8 1 106.97 3.36 High No Yes 1

2 -10.11 502.57 8 8 103.81 3.11 High No Yes 1

3 -11.16 444.49 7 1 97.74 2.64 High No Yes 0

4 -12.53 390.45 6 2 91.67 2.23 High No Yes 0

5 -11.37 372.43 5 1 71.44 3.65 High Yes Yes 0
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Figure 1: Binding pose of (a) betamethasone dipropionate (1), its biotransformed products (b) 2, (c) 3, and (d) 4, and (e) synthetic
derivative 5 in the ligand binding domain of glucocorticoid receptor (PDB 1M2Z).
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Finally, the absolute structure of compound 4 was also
determined through XRD (Supplemental Table S2).

Sana-16,17-enone propionate (5) is a synthetic product
that was formed during oxidation of betamethasone dipropi-
onate (1). Its molecular formula was determined by LC-MS
m/z 428.2078 as C25H29FO5 (Supplemental Figure S21). In
IR spectrum, a stretching at 1725 cm-1 indicated the
oxidation of C-11 hydroxyl group and a single stretching
at 1743 cm-1 indicated the presence of single propionate
group (Supplemental Figure S22). The 1H-NMR

(Supplemental Figure S23) and 13C-NMR spectra
(Supplemental Figure S24) of the compound 5 were very
much similar to parent compound 2. The only difference
observed was the presence of a singlet of three protons at δ
2.14 indicated that methyl group attached to C-16 (δC
142.9) that indicated the β-elimination of propionic acid
compound to form a double bond between C-16 and C-17
(Table 1). The 13C-NMR data revealed that there were 04
methyls, 06 methylenes, 05 methines, and 10 quaternary
carbon atoms (Table 1). In 2D-NMR, COSY relationships
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Figure 2: Oral bioavailability radar of betamethasone dipropionate (1), its biotransformed products 2, 3, and 4, and synthetic derivative 5.
The pink area represents the optimal range for six physiochemical properties.
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Figure 3: The boiled-egg model of betamethasone dipropionate (1), its biotransformed products 2, 3, and 4, and synthetic derivative 5.
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showed five spin systems in the respective compound
(Supplemental Figure S28). Finally, the absolute structure
of compound 5 was determined through XRD
(Supplemental Table S3).

3.1. Molecular Docking. All compounds 1-5 reside well in the
ligand binding domain of GR with the binding affinity in the
range of -12.53 to -10.11 kcal/mol (Table 2). The docked
pose of compound 1 demonstrated a number of significant
noncovalent interactions in the LBD of GR (Figure 1(a)).
Carbonyl group at C-3 establishes a hydrogen bond with
Gln570 while hydroxyl group at C-11 mediates hydrogen
bond contact with Asn564. Similarly, methyl groups of com-
pound 1 observed to mediate significant alkyl-alkyl and π-
alkyl interactions with Met560, Leu563, Met604, Leu608,
Gln642, Leu732, Tyr735, and Thr739. Compound 2 showed
different pose in the LBD of GR in comparison of other
compounds (Figure 1(b)). Carbonyl group at C-3 establishes
a hydrogen bond Asn564 while carbonyl group of ester
mediates hydrogen bonds with Gln570 and Arg611. Further,
anchorage was provided by significant hydrophobic interac-
tions with the crucial residues of LBD of GR including,
Met560, Leu563, Val571, Trp600, Met604, Ala605, Leu608,
and Phe623. Similarly, the docked pose of compound 3 dem-
onstrated the three hydrogen bonds and a network of hydro-
phobic interactions in the LBD of GR (Figure 1(c)).
Terminal hydroxyl group mediates hydrogen bond with
Asn564 while carbonyl at C-3 mediates hydrogen bonds
with Gln570 and Arg611. Moreover, few hydrophobic inter-
actions were also observed with Leu563, Met604, Leu608,
Gln642, and Tyr735. Likewise, the docked pose of com-
pound 4 in the LBD of GR demonstrated a network of signif-
icant interactions with the highest binding affinity of
-12.53 kcal/mol (Figure 1(d)). Both the hydroxyl groups of
compound 4 establishes hydrogen bonds with Asn564 and
Gln642 while carbonyl at C-3 establish two hydrogen bonds
with Gln570 and Arg611. Moreover, substantial alkyl-alkyl
interactions were observed with Leu563, Met604, Phe623,
and Tyr735. Compound 5 also showed the similar type of
interactions like compound 4 except a hydrogen bond with
Gln642 was missing (Figure 1(e)). A hydrogen bond was
observed between hydroxyl group and Asn564 while two
hydrogen bonds were observed between carbonyl at C-3
and Gln570 and Arg611. Similarly, hydrophobic interactions
were observed with Leu563, Met604, Phe623, and Tyr735.
Taken together, the results demonstrated that all the bio-
transformed products of betamethasone dipropionate
accommodated well in the ligand binding domain of GR
which pronounce the potencies of these compounds.

3.2. ADME Analysis. Many potential compounds fail in late
stage of drug development process because of poor pharma-
cokinetics and toxicity. In earlier process of drug discovery,
computational predictions of pharmacokinetics and toxicity
of compounds are alternatives to experimental techniques to
reduce the last-stage failure of drug development process.
Therefore, in silico assessment of physicochemical, pharma-
cokinetics, drug-likeness, and medicinal chemistry friendli-
ness properties of betamethasone dipropionate analogs was

achieved by SwissADME, and obtained values are summa-
rized in Table 2. Bioavailability radar was plotted for predic-
tion of oral bioavailability which presents the six
physiochemical properties including lipophilicity, size,
polarity, solubility, flexibility, and saturation. It was evident
from Figure 2 all the compounds displayed physiochemical
properties in the acceptable range. Similarly, for the predic-
tions of human gastrointestinal (GI) absorption, blood brain
permeation, and permeability of p-glycoprotein, boiled-egg
model was generated (Figure 3). All the compounds showed
high GI absorption and permeability of p-glycoprotein while
only compound 5 showed blood brain permeation.

4. Conclusion

Present study dealt with plant-based biocatalyzed transfor-
mation of relatively bigger molecules for the first time. M.
acuminate leaves transformed betamethasone dipropionate
(1) into an oxidized compound Sananone dipropionate (2)
that further transformed to furnish completely hydrolyzed
compounds Sananone propionate (3) and a Sananone (4).
In addition to this, L. capitata roots reacted with compound
1 to exclusively yield compound 4. The structures of all new
biotransformed compounds 2-4 and a synthetic compound,
Sana-16,17-enone propionate (5), were determined through
combined use of IR, NMR (1D and 2D), and X-ray diffrac-
tion studies. Further, molecular docking studies revealed
that all the biotransformed compounds reside well in the
ligand binding domain of glucocorticoid receptor. Taken
together, betamethasone dipropionate analogs can be further
optimized and developed as lead compounds against GR.
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To date, there is no satisfactory and effective therapy available to cure type 2 diabetes mellitus (T2DM). This present work is
focused on plant extracts and the effect of saroglitazar and TET genes on oxidative stress and inflammation in vitro adipocytes.
Aqueous extracts of Tamarindus indica and Momordica charantia seed have shown potent antidiabetic activity that decreases
glucose levels in diabetic adipocytes. After seven and fourteen days, the sugar level in the blood was significantly reduced when
plant extracts were supplemented. Lipid profiles including total cholesterol (TC), triglyceride (TGL), high-density lipoprotein
(HDL), low-density lipoprotein (LDL), and very low-density lipoprotein (VLDL) showed a highly significant change as
expected in adipocytes treated with glucose compared with controlled adipocytes (P < 0:001). Gene expression of catalase,
superoxide dismutase (SOD1, SOD2), and glutathione peroxidase (GPx) are changed twice, thrice, and quadruplet, respectively.
The level of interleukin-1 (IL1) and tumor necrosis factor-α (TNF-α) was restored but the interleukin-6 (IL6) and ten-eleven-
translocation-1 (TET1) were completely knocked down by the use of saroglitazar. In comparison with the diabetic group, this
supplementation significantly increased glycogen content and glucose-6-phosphate dehydrogenase activity. In the extract
supplemented group, glucose-6-phosphatase, glucose-oxidizing enzyme, and glucose-phosphorylating enzyme activities were
significantly reduced. After seven days of extract supplementation, these parameters were not resettled to a controlled level;
however, after 14 days of supplementation, all parameters were restored to the control level. In addition to altering gene
expression, TET enzymes may contribute to altered adiposity and its metabolic consequences. The purpose of this study is to
examine new ideas and approaches for treating obesity, T2DM, and other associated metabolic disorders.
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1. Introduction

Diabetes especially type 2 diabetes mellitus (T2DM) is holding
its position under five around the globe for decades and is a
leading cause of death after cardiac disease and cancer.
T2DM is a chronic metabolic and inflammatory state mainly
related to obesity as well as increased oxidative stress. Obesity
is nowadays represented to become a global health issue
because it somehow becomes a cause of many chronic diseases
and thereby also severely affecting expectancy of life and also
suppressing quality of life [1]. As with the current lifestyle,
adaptation leads to the stimulus of many metabolic disorders
associated with lifestyles such as type 2 diabetes mellitus
(T2DM), dyslipidemia, hyperuricemia, and nonalcoholic stea-
tohepatitis (NASH) is becoming prevalent worldwide. It is
very common in T2DM patients of showing a high level of
dyslipidemia. T2DM is a disease due to alteration in the
metabolism of carbohydrates or low levels of blood insulin
[2]. In the present scenario of medicine, it is not possible to
cure the onset of T2DM with a satisfactory and effective ther-
apy or medicine. However, insulin therapy has many lacunae,
like insulin resistance, anorexia nervosa, brain atrophy, and
fatty liver after chronic therapy and treatment [3, 4]. Many
studies that have been conducted previously have shown
clearly that T2DM suffering individuals are likely to have a
very high triglyceride ratio and a major characteristic to prove
the condition of diabetic dyslipidemia is decreased level of
high-density lipoprotein cholesterol (HDL) [5]. Due to such
fluctuations in the level of lipid has been a kick start for severe
chronic conditions as nonalcoholic fatty liver disease
(NAFLD) that with itself has continued to deteriorate health
conditions by starting much other liver affecting diseases as
fatty liver (NAFL) to chronic fibrosis and cirrhosis and later
causes NASH. Furthermore, many case studies have shown
that severe and uncontrolled NASH will lead to an increase
in the patients of cirrhosis and has been an alarming condition
to perform liver transplantation to protect patients from hepa-
tocellular carcinoma (HCC). Many models have been
designed for future predictions of major setbacks of NAFLD
as by analyzing many dynamic models, it is predicted that if
it will be left untreated, then the current fatal conditions of
end-stage liver disease by NAFLD will just be doubled and
lead to an epidemic till 2030 [6]. Besides all this, great progress
is observed in the clinical trials to reveal and identify many
drivers involved in the initiation and pathogenesis of life-
threatening such metabolic diseases and disorders. However,
during such analysis, an exponential rise is reached in clinical
trials that all are involved in a search of potential therapeutic
targets and crucial targeted drugs for urgent medical needs
and helpful approaches which do not meet appropriately.
Many challenges came across and found unfulfilled medical
needs that resulted in a condition where still no potent thera-
peutic drug or potential target can lead for approval or use and
diseases remain untreated [6]. A survey conducted by World
Health Organization (WHO) in the year 2016 showed some
statics that reveals some shocking results about the population,
approximately 13% of people were obese and 39% of people
were overweight in the survey. It has been suggested to do
many lifestyle changes that involve focusing priory on physical

activity and daily intake of proper nutrition can become a
major tool to manage and treat obesity. The major functional
food having monounsaturated fatty acids (MUFAs) and poly-
unsaturated fatty acids (PUFAs) is themajor risk for the devel-
opment of obesity and T2DM-associated complications [7].
During research on the cause of NAFLD, one major name
came in focus that is ten-eleven translocation (TET)methylcy-
tosine dioxygenase protein that is a DNA cytosine oxygenase
that is majorly involved in the catalysis of 5-methyl cytosine
to produce a 5-hydroxymethylcytosine in a manner-
dependent regulation that occurs on α-ketoglutarate and
Fe2+. However, herbal drugs generally showed nontoxic effects
for the treatment against different diseases as reported from
animal studies [8, 9], while it is not clear in humans whether
herbal drugs are toxic or nontoxic [10]. Traditional medicine
Tamarindus indica Linn. was used for the management of dia-
betes mellitus [11]. Tamarindus indica Linn. (Caesalpiniaceae
family) is a tree-type dicotyledonous plant and it is widely
available throughout India. Momordica charantia (bitter
melon) Momordica charantia (Cucurbitaceae family) is one
of the most common vegetables in the tropical region, partic-
ularly in India [12, 13]. It is supposed to be used as herbal
medicine and has anti-inflammatory activity, antioxidant
activity, antiviral activity, anticancer activity, antibacterial
activity, and antidiabetic activity [14, 15]. Many studies have
been conducted on TET-1 and its correlation with the oxi-
dized derivatives that showed that it is known to regulate
and affect many biological processes which are named tumor-
ogenesis, gene transcription, and embryonic development. A
missense mutation in TET-1 and TET-2 is in close association
with the pathogenesis of NAFLD and T2DM [16].

Our goal is to analyze the chemical basis of the aqueous
extracts of seeds from Tamarindus indica and Momordica
charantia to determine whether these extracts are an effec-
tive treatment for insulin-dependent diabetes mellitus or
type 1 diabetes mellitus (T1DM) and to identify the enzyme
activities related to glucose levels altered by these extracts in
adipocytes derived from Wharton’s Jelly Mesenchymal Stem
Cells. We also aimed to find the expression and close rela-
tion or effect of saroglitazar and TET genes on oxidative
stress and inflammation on in vitro adipocytes concerning
the used extracts.

2. Material and Method

2.1. Plant Material. Seeds of Tamarindus indica andMomor-
dica charantia were collected from district Bulandshahr,
Hapur, and Ghaziabad, and the material was identified by
a taxonomist.

2.2. Preparation of Aqueous Extract of Seed of Tamarindus
indica and Momordica charantia. We dried the seeds of
Momordica charantia and Tamarindus indica in an incuba-
tor for two days at 40°C, ground them in an electric grinder,
and then powdered them. In a soxhlet apparatus, 50 g pow-
der was extracted in 500ml of distilled water for 18 h.
Aquatic extracts were obtained. They were dried under
reduced pressure and lyophilized.
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2.3. Adipocytes and Saroglitazar Treatment. Wharton’s Jelly
Mesenchymal Stem Cells (Himedia) were cultured for 0-
48 h in DMEM (Dulbecco’s modified Eagle’s medium)/
Ham’s F12 (1 : 1) media supplemented with 10% FCS (fetal
calf serum) having antibiotics and normal glucose level
(5mM). The cell line proliferated in the medium containing
DMEM/F-12 medium (1 : 1, v/v), HEPES, FBS/FCS, and
antibiotics and upon the addition of insulin transferrin sele-
nium (ITS), sodium bicarbonate, biotin, and pantothenate
begin the differentiation phase. These cells were maintained
and at ~7 days, abundant lipid droplets were accumulated in
the cell which was checked by using lipophilic/fatty acid sol-
uble dye, the Oil Red O staining. Cultured cells were then
fixed in a 10% formaldehyde solution in PBS (phosphate
buffer saline) for 5min at RT (room temperature) followed
by washing with 60% isopropanol. The cells were then
stained with Oil Red O solution in 60% isopropanol for
10min, then wash the cells with 10ml water at least four
times. Stained cells were then immediately viewed under
phase contrast inverted microscope and images were cap-
tured using an inbuilt mounted digital camera. High glucose
concentration (20mM) was used to mimic the state of diabe-
tes adipocytes and co-cultured cells were harvested for the
treatment of saroglitazar (10μM) (ChemScene) for about
24 hours.

2.4. Induction of Diabetes Mellitus and Selection of Dose.
20mM glucose is used to induce the diabetes model in adi-
pocytes derived from Wharton’s Jelly Mesenchymal Stem
Cells (Himedia). Supplementation with Tamarindus indica
and Momordica charantia was dose-dependently selected.
Using this dose as a threshold dose, the experiment was con-
tinued. In all groups, the basal glucose level was measured
before supplementation with Tamarindus indica and
Momordica charantia extract.

2.5. Experimental Designs

(i) Control group (7 days): Adipocytes derived from
Wharton’s Jelly Mesenchymal Stem Cells (Himedia)
without any glucose treatment

(ii) Diabetic group (7 days): Adipocytes derived from
Wharton’s Jelly Mesenchymal Stem Cells (Himedia)
with 20mM glucose treatment

(iii) Tamarindus indica supplement group (7 days): Adi-
pocytes derived from Wharton’s Jelly Mesenchymal
Stem Cells (Himedia) with 20mM glucose and
aqueous seed extract of Tamarindus indica at the
dose of 80mg/0.5ml distilled water

(iv) Momordica charantia supplement group (7 days):
Adipocytes derived from Wharton’s Jelly Mesen-
chymal Stem Cells (Himedia) with 20mM glucose
and aqueous seed extract of Momordica charantia
at the dose of 100mg/0.5ml distilled water

(v) Tamarindus indica supplement group (14 days):
Adipocytes derived from Wharton’s Jelly Mesen-
chymal Stem Cells (Himedia) with 20mM glucose

and aqueous seed extract of Tamarindus indica at
the dose of 80mg/0.5ml distilled water

(vi) Momordica charantia supplement group (14 days):
Adipocytes derived from Wharton’s Jelly Mesen-
chymal Stem Cells (Himedia) with 20mM glucose
and aqueous seed extract of Momordica charantia
at the dose of 100mg/0.5ml distilled water

On the 7th and 14th days of the experiment, all the wells
of each group have been analyzed to perform the analysis.

2.6. Testing of Glucose Level. For all groups, we measured
glucose load after seven days and 14 days of aqueous extract
of seed of Tamarindus indica andMomordica charantia sup-
plementation. A single-touch glucometer was used to mea-
sure glucose levels in the secretome collected from the
wells [17]. Results are expressed in milligrams per deciliter
of blood (mg/dl).

2.7. Biochemical Testing of Enzyme Activities and
Glycogen Content

2.7.1. Assay of Glucose-6-Phosphate Dehydrogenase Activity.
In accordance with [18] protocol, liver glucose-6-
phosphate dehydrogenase activity was measured. This
method uses the cell secretome. Assays were performed
using 0.3ml of 1M Tris chloride buffer (pH7.5), 0.3ml of
2.5 X 10-2M glucose-6-phosphate, 0.1ml of 2 X 10-3M
NADP, 0.3ml of 0.2M MgCl2, and 0.3ml of secretome. At
340 nm, the rate of change in absorbency was measured. In
enzyme activity, one unit is defined as the quantity that cat-
alyzes the reduction of one micromolar amount of NADP
per minute.

2.7.2. Assay of Glucose-6-Phosphatase. A standard protocol
was followed to determine the liver glucose-6-phosphatase
activity [19]. We used the secretome of the cells. 0.1ml of
0.1M glucose-6-phosphate solution and 0.3ml of 0.05M
maleic acid buffer (pH6.5) were mixed in a calibrated centri-
fuge tube and brought to 37°C in the water bath for 15
minutes. After stopping the reaction with 1ml of 10%
TCA, the reaction was chilled on ice and centrifuged at
3000 g for 10 minutes. An optical density of 340 nm was
determined. The enzyme activity was expressed as milli-
grams of inorganic phosphate liberated per gram of sample.

2.7.3. Glutamate Oxaloacetate Transaminase (GOT) and
Glutamate Pyruvate Transaminase (GPT). The secretome
of the cells was used. Transasia Bio-Medicals Ltd. (Sikkim,
India) supplied the kit for measuring liver and kidney
GOT and GPT, and the enzyme activities were measured fol-
lowing the standard protocol [20]. Each enzyme activity was
expressed as a unit per milligram of sample.

2.7.4. Biochemical Assay of Glycogen Level. Based on the
standard method [21], glycogen content was determined.
Cell secretomes were used. The secretome was diluted with
distilled water and 5ml of 52% perchloric acid. 20 minutes
were spent at 0°C for extraction. A 15-minute centrifugation
at 8000 g collected the supernatant from the collected
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material. We transferred 0.2ml of the supernatant into a
graduated test tube, and 1.0ml of distilled water was added
to make the volume 1.0ml. A graded standard was prepared
using 0.1, 0.2, 0.4, 0.6, 0.8, and 1.0ml of working standard
solution, and all the standards were made up to 1.0ml with
distilled water. The anthrone reagent was added to all test
tubes in 4.0ml. Test tubes were placed in boiling water for
10 minutes. Using a bioanalyzer, the intensity of the green
to dark green color of the solution was measured at
630nm after they cooled at room temperature. A standard
glucose solution was used to prepare a standard curve for
measuring glycogen. In micrograms of glucose per milligram
of tissue, glycogen was measured.

2.7.5. Biochemical Assays. Biochemical analysis was done
using adipocytes which were centrifuged at 300 g for 2
minutes. The estimation of total cholesterol (TC) was done
using ferric chloride-acetic acid reagents which were gently
mixed and centrifuged at 3354xg for 10min. at 4°C followed
by supernatant incubation in conc. H2SO4 50~60°C for 10
minutes. The estimation of high-density lipoprotein (HDL)
was done by using phosphotungustate reagent and magne-
sium chloride (MgCl2). The mixture is centrifuged similarly
as that for TC and supernatant was mixed with ferric
chloride-acetic acid reagent and 0.033N sulfuric acid
followed by incubation. The absorbances were recorded at
560nm at room temperature (RT). Triglycerides (TGL) were
also measured in adipocytes with n-heptane, isopropanol,
sulfuric acid (0.08N H2SO4), potassium hydroxide
(6.25mol/L), sodium metaperiodate, and acetylacetone. A
425nm absorbance measurement was taken after 20 minutes
of incubation at 70°C. We calculated LDL (low-density lipo-
protein cholesterol) and VLDL (very low-density lipoprotein
cholesterol) using known formulas [LDL=TC - (TGL/5) +
HDL] and VLDL (TC - (LDL + HDL)]. Readings were
checked randomly using Inoline kits (Merck) in a double-
beam UV-vis spectrophotometer. A triplicate of each read-
ing was recorded.

2.7.6. RNA Isolation, cDNA Synthesis, and Quantitative PCR
(qPCR). Total RNA was extracted from cultured adipocytes
by GeneJET RNA Purification kit (Thermo Scientific, India)
followed by cDNA amplification using random hexamer
primers (Verso cDNA synthesis kit (Thermo Scientific,
India)). Gene expression of mRNA was performed by
DyNAmo ColorFlash SYBR-Green qPCR kit (Thermo Sci-
entific, India). Relative quantification was done between all
the groups. Quantification was performed with an SYBR-
Green real-time PCR assay of target gene mRNA which
was expressed relative to the housekeeping gene mRNA.
Amplification was performed with PCR master mix-
containing target primers (Table 1), DNA polymerase,
SYBR-Green I, 5mM MgCl2, and dNTP mix including
dUTP and PCR buffer in duplicates. The amplification cycle
starts with an initial denaturation at 95°C for 7min, followed
by 40 PCR cycles each consisting of 95°C for 10 sec, 60°C for
30 sec, and 74°C for 60 sec. Relative gene expression was
calculated.

3. Statistical Analysis

One-way ANOVA followed by a multiple two-tailed “t” test
was used for statistical analysis of the collected data and was
calculated using GraphPad. Differences were considered sig-
nificant at P < 0:05.

4. Results

4.1. Glucose Level. In Table 2, we show the glucose levels in
all groups before and after extract treatment. The level of
glucose was significantly elevated after 24 h of 20mM glu-
cose induction compared with the control level. Supple-
menting with aqueous seed extracts of Tamarindus indica
and Momordica charantia for 7 and 14 days, glucose levels
were not significantly different from the control level
(Table 2).

4.2. Glycogen Level. Tamarindus indica and Momordica
charantia aqueous seed extracts were supplemented to the
diabetic-induced wells for seven days, resulting in an
increased glycogen level in comparison to a diabetic group;
however, this parameter did not return to the control level
(Figure 1). After 14 days of this supplementation, the
above-mentioned parameter was reset to the control level
(Figure 1).

4.3. Glucose-6-Phosphate Dehydrogenase Activity. When the
aqueous extract of seed of Tamarindus indica and Momor-
dica charantia was supplemented for 7 days, glucose-6-
phosphate dehydrogenase activity was elevated in compari-
son to a diabetic group, but this parameter did not return
to the control level (Figure 2). A resettlement to a control
level (Figure 2) was achieved after 14 days of
supplementation.

4.4. Glucose-6-Phosphatase Activity. In an experiment with
aqueous extracts of seeds of Tamarindus indica andMomor-
dica charantia supplementation for seven days, liver
glucose-6-phosphatase activity increased significantly in
comparison to a diabetic group, but this parameter did not
return to control levels (Figure 3). Within 14 days of this
supplementation, the above-mentioned parameter returned
to the control level (Figure 3).

4.5. GOT and GPT Activities. In 20mM glucose-induced dia-
betic wells, GPT and GT activities were significantly elevated
in comparison with the control group (Table 3). With the
aqueous extract of seeds of Tamarindus indica and Momor-
dica charantia supplementation for 7 days, GOT and GPT
activities showed a significant reduction in the diabetic
group, but these parameters did not return to control levels
(Table 3). These parameters were reestablished to control
levels after 14 days of supplementation (Table 3).

4.6. Gene Expression Profiling. Figure 2 shows the mean ±
standard deviation of lipid profile estimation in vitro adipo-
cytes in control, glucose-treated, and after the treatment of
saroglitazar (10μM). Lipid profiles including TC, TGL,
HDL, LDL, and VLDL showed a highly significant change
as expected in adipocytes treated with glucose when

4 BioMed Research International



RE
TR
AC
TE
D

compared with controlled adipocytes (P < 0:001). However,
after the treatment of diabetic mimicked adipocytes, i.e.,
glucose-treated adipocytes with saroglitazar, we found that
TGL and VLDL showed significant association (P < 0:005)
(Figure 4). It is a fact that PPARα is involved in lipid
metabolism and is the major transcription factor for lipids.
This is supported by or results that the lipid TGL and
VLDL showed significant association with the saroglitazar.
Cultured adipocytes were firstly treated with high glucose
concentration followed by saroglitazar drug (10μM) for

24 hours. The high glucose caused a diabetic state by which
the inflammation is increased which was then significantly
normalized by treatment of saroglitazar (Figure 5). During
the estimation of gene expression of catalase, we found that
it almost doubled while in the estimation of superoxide dis-
mutase, i.e., SOD1 and SOD2, it was found to be around 3
folds. However, during the estimation of glutathione perox-
idase (GPx), the activity was around four folds as compared
to controlled adipocytes (Figure 5). The increased inflam-
mation caused due to glucose load was found to be restored
by the use of saroglitazar. The level of IL1 beta is restored

Table 1: Primer pair sequences used for real-time PCR reactions.

Gene Forward primer(5′-3′) Reverse primer(5′-3′)
β-Actin ACGGGGTCACCCACACTGTGC CTAGAAGCATTTGCGGTGGACGATG

Catalase TAGCCTTCGACCCAAGCAA CGATGGCGGTGAGTGTCA

SOD1 ACTCTCAGGAGACCATTGCATCA TCCTGTCTTTGTACTTTCTTCATTTCC

SOD2 CACATCAACGCGCAGATCAT CCAACGCCTCCTGGTACTTC

GPx GCAACCAGTTTGGGCATCA AGCATGAAGTTGGGCTCGAA

IL1β TGAAGCTGATGGCCCTAAACA GTAGTGGTGGTCGGAGATTCG

TNFα TCGAACCCCGAGTGACAAG TTGGCCAGGAGGGCATT

IL6 CCTGACCCAACCACAAATGC CCTTAAAGCTGCGCAGAATGA

TET1 AGGTCCAGGGCCAAATAACT AGAAGGTGCCAGGTCAGAGA

Table 2: Effect of aqueous seed extract of Tamarindus indica and Momordica charantia after 7 days and 14 days of treatment on glucose
level in diabetic adipocytes (mean± S.E.M.).

Group
Glucose level (mg/dl)

At the time of grouping Days of supplements
0 day 7 days 14 days

Control adipocytes 87.4± 7.8 88.2± 8.6 84.3± 7.4 84.2± 7.6
Diabetic adipocytes 85.4± 8.1 352.3± 11.2∗∗∗ 336.4± 10.8∗∗∗ 328.8± 10.6∗∗∗

Tamarindus indica supp. 86.1± 10.2 365.9± 11.9∗∗∗ 121.4± 9.2 88.2± 12.4
Momordica charantia supp. 86.8± 9.7 371.2± 13.5∗∗∗ 130.8± 8.4 87.6± 9.8
ANOVA followed by multiple two-tailed t-tests. In each vertical column, mean with an asterisk (∗∗∗) differs significantly from control or diabetic adipocytes
(P < 0:05).
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Figure 1: Effect of aqueous seed extract of Tamarindus indica and
Momordica charantia supplementation on glycogen level in
diabetic adipocytes. Data are expressed as mean S.D., by multiple
two-tailed t-tests. (∗) indicates that means differed from one
another as well as from controls (P > 0:05). Nonasterisk figures
do not differ significantly from one another in each vertical
column (P > 0:05) within the same duration of treatment.
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Figure 2: Effect of aqueous seed extract of Tamarindus indica and
Momordica charantia on glucose-6-phosphate dehydrogenase
activity in diabetic adipocytes. Data are expressed as mean S.D.,
by multiple two-tailed t-tests. (∗) indicates that means differed
from one another as well as from controls (P > 0:05). Nonasterisk
figures do not differ significantly from one another in each
vertical column (P > 0:05) within the same duration of treatment.
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to half the load of inflammation in glucose-treated adipo-
cytes with the use of saroglitazar, i.e., highly significant
(P < 0:001) (Figure 5). However, TNF gene expression was
also reduced but not as much as that of IL-1 beta and also
showed a highly significant association (P < 0:001)
(Figure 5). Similarly, the pleiotropic inflammatory marker
IL-6 was severally reduced and showed a highly significant
association (P < 0:001) (Figure 5). Moreover, a new gene
TET-1 was also analyzed to find the association of sarogli-
tazar effect on adipocytes. Interestingly, it was found that
the TET expression was significantly regulated by the use
of saroglitazar (P < 0:001) (Figure 5). This clarifies that
when the glucose load is increased in adipocytes, the cell
is more susceptible to inflammation and may cause many
metabolic abnormalities. As per our results on reactive oxy-
gen metabolites, we found that the level of it is increased
rapidly. The adipocytes are now sluggish to respond against
any behavior in this state. This happens due to enhanced
inflammation in the cell. However, after the treatment with
saroglitazar drug, the rate of inflammation is reduced sig-
nificantly (Figure 5).

5. Discussion

The purpose of this report is to demonstrate the antidiabeto-
genic effects of aqueous extracts of seeds from Tamarindus
indica and Momordica charantia for the management of
insulin-dependent diabetes mellitus or type 1 diabetes melli-
tus (T1DM) and to investigate the enzyme actions associated
with glucose levels modified by the extracts in adipocytes
derived from Wharton’s Jelly Mesenchymal Stem Cells. As
well, we examined the expression and close relation of the
saroglitazar gene with the TET gene on oxidative stress
and inflammation in the presence of aqueous extract from
seeds of Tamarindus indica and Momordica charantia. Sup-
plementation of aqueous extract from Tamarindus indica
and Momordica charantia results in a significant decrease
in glucose levels in diabetic adipocytes as compared to con-
trols, further suggesting antidiabetic action of these extracts.

A variety of mechanisms may be involved in the hypoglyce-
mic action of extracts of known hypoglycemic plants.
Tamarindus indica andMomordica charantia are two herbal
hypoglycemic plants whose extracts are not fully under-
stood. Moreover, it has not been reported what is the exact
mechanism and principle behind their hypoglycemic effects
and their regulation of blood glucose levels. Insulin plays a
major role in glucose production in the muscle and liver.
Studies have found that streptozotocin-induced diabetic rats
have reduced hepatic and skeletal muscle glycogen stores
[22]. A similar observation was made in the present study
in our in vitro model. It is possible that the decreased glyco-
gen content in diabetics is due to lack of insulin and inacti-
vation of glycogen synthase. Upon supplementation with
aqueous extracts of Tamarindus indica seeds and Momor-
dica charantia seeds for 7 and 14 days, glycogen levels were
significantly elevated. Therefore, the extract’s antidiabetic
action is due to an improvement in glycogen synthesis. G-
6-PDH (glucose-6-phosphate dehydrogenase) is a key
enzyme in maintaining normal blood sugar levels [23].
Streptozotocin-induced type I diabetes is also caused by a
reduction of G-6-PDH activity in the liver, which prevents
glucose from being absorbed through PPP (Pentose Phos-
phate Pathway), since this enzyme activity is regulated by
insulin [24]. The seed extracts of Tamarindus indica and
Momordica charantia significantly enhanced this enzyme
activity and supported its other possible method of antidia-
betic action. In the liver and kidney, glucose-6-phosphatase
plays an important role in maintaining glucose homeostasis
[25]. In addition, we attempted to understand the biochem-
ical and antidiabetic mechanisms of the action of these seed
extracts. Therefore, we have measured the activity of
glucose-6-phosphatase (G-6-P), which is responsible for
maintaining glucose homeostasis. According to previous
studies [26], G-6-P activity was increased in diabetic adipo-
cytes. In diabetic adipocytes, these extracts significantly
restored G-6-P activity compared to the control, and this
points to another possible mechanism of its antidiabetic
activity. These results are supported by other previous stud-
ies [26]. Ghosh and Suryawanshi [27] found that diabetic
adipocytes have an elevated activity of glutamic pyruvic
transaminase (GPT) and glutamic oxaloacetic transaminase
(GOT). Diabetes is characterized by elevated levels in both
GOT and GPT activities that are responsible for gluconeo-
genesis and ketogenesis [28]. GOT and GPT activities were
restored to normal levels after supplementation with Tamar-
indus indica and Momordica charantia extracts and support
the hypothesis that Tamarindus indica and Momordica
charantia have antidiabetic properties. Using these results
pieces of information, it might be revealed that the extracts
of seeds from Tamarindus indica and Momordica charantia
may contain some specific biomolecules that could stimulate
or sensitize the insulin receptors or β-cells in the Islets of
Langerhans. Additionally, diabetic adipocytes can improve
the metabolism of carbohydrates and restore normal glucose
levels. Obesity and type 2 diabetes are chronic metabolic dis-
orders characterized by insulin resistance, inflammation,
and oxidative stress. The situation has been managed and
the ideal cellular state nurtured with a variety of drugs.
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Figure 3: Effect of aqueous seed extract of Tamarindus indica and
Momordica charantia on glucose-6-phosphatase activity in diabetic
adipocytes. Data are expressed as mean S.D., by multiple two-tailed
t-tests. (∗) indicates that means differed from one another as well as
from controls (P > 0:05). Nonasterisk figures do not differ
significantly from one another in each vertical column (P > 0:05)
within the same duration of treatment.
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The major regulating sites are PPARα and PPARγ receptors;
surprisingly, saroglitazar promises to regulate these meta-
bolic disturbances especially in liver-associated disease. The
mechanism of it is that the binding of PPARα with peroxi-
some proliferator response element (PPRE) and this location
is found upstream of target genes named ACOX1 and
CPT1A play a major role in fatty acid oxidation. In a
NAFLD model, it is observed that there is a very slight
amount of PPARα present that is confirmed by measuring
mRNA and protein level of PPARα and is confirmed by
comparing with the control group. To confirm that is it pos-
sible for PPARα regulation by TET-1-mediated hydroxy-
methylation, it is necessary to confirm first that PPARα is
regulated by an impact of methylation. After performing
treatment with various kinds of DNA methyltransferase
inhibitors, a slight increase is observed in the level of mRNA
of PPARα. This concluded hydroxymethylation rate is low-
ered after inhibition of TET-1 [16]. TET-1 overexpression

plasmid can help to reduce the accumulation or gathering
of intracellular TG by early transfection in mice [16]. As
the abnormal level of insulin activity in the body can result
in hyperglycemia in the body along with many other severe
changes that result in NASH and major cardiovascular dis-
ease, major fluctuations observed in the increase in protein
oxidation, lipid peroxidation, production of reactive oxygen
species in mitochondria at a very excess level [29] currently
there is an all-important need for the upshot of essential and
significant drug or determining the particular target of
NAFLD to the ultimate eradication of it [5]. In many mice
models of NASH, visceral fat can be a major base for mea-
surement or assessment of obesity [30]. The major exploring
fact about saroglitazar is that it can act as a PPAR-α/γ ago-
nist. This theory is confirmed and escorted by the results
that are observed in this study all correlated with target
genes of both PPAR-α (ACOX1, CPT1A) and PPAR-γ
(CD36, UCP2) as their crucial involvement is evidence

Table 3: In streptozotocin-induced diabetic male albino rats with liver and kidney GOT and GPT activities, aqueous seed extracts of
Tamarindus indica and Momordica charantia (mean± S.D.) were compared to their aqueous seed extracts after 7 days and 14 days.

Group GOT (unit/ml) GPT (unit/ml)

Control (7 days) 14.6± 0.5 11.7± 0.6
Diabetic (7 days) 23.2± 0.6∗ 20.0± 0.9∗
Tamarindus indica supplement (7 days) 19.1± 0.6∗∗ 17.0± 0.6∗∗
Momordica charantia supplement (7 days) 19.4± 0.5∗∗ 17.2± 0.5∗∗
Control (14 days) 14.1± 0.6 12.3± 0.8
Diabetic (14 days) 26.4± 0.5∗ 23.4± 0.4∗
Tamarindus indica supplement (14 days) 14.2± 0.4 12.1± 0.3
Momordica charantia supplement (14 days) 14.6± 0.5 12.5± 0.6
ANOVA followed by multiple two-tailed t-tests. Within each vertical column, (∗) indicates that means differed from one another as well as from controls
(P > 0:05). Nonasterisk figures do not differ significantly from one another in each vertical column (P > 0:05) within the same duration of treatment.
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Figure 4: Mean ± standard deviation of lipid profile in controlled adipocytes, glucose-fed adipocytes, and saroglitazar-treated adipocytes.
TC: total cholesterol; TGL: triglycerides; HDL: high-density lipoproteins; LDL: low-density lipoproteins; VLDL: very low-density
lipoproteins. ∗∗ showed a significant association and ∗∗∗ showed a highly significant association when compared with glucose-treated
adipocytes and control adipocytes, respectively. The P values were calculated using one-way ANOVA.
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supported by previous reports. It also confirmed that this
can prove the therapeutic ability of saroglitazar in the cure
or medication of NASH [16]. However, menaquinone
(MK-7) is also an important factor that is confirmed to
lower glycemic indices rate but lipid accumulation cannot
be controlled using MK-7 supplementation [31]. Saroglita-
zar has no such side effects or toxicity levels as it has been
previously given to many diabetic patients to control the
abnormal rate of dyslipidemia [6]. As much literature con-
firmed about the Indian population suffering from such
metabolic-associated diseases is due to their genetic back-
ground and many dietary and environmental factors are
responsible for this, can be evidenced by published previous
literature [32, 33]. Very unexplored fascinations revealed
about saroglitazar are notable such as it has the crucial abil-
ity of histological benefits and advantage as compared with
that of pioglitazone either of having same effects they both
generated over the cure of insulin resistance markers called
or known as HOMA-IR. While in the context of pioglitazone
it has two enantiomers existed named as R and S types, R
enantiomer has a major effect generated on the hepatic insu-
lin signaling pathway. Besides this, pioglitazone is a PPAR-γ
agonist and the major role it plays is to work as a positive
control in case it has no negative effect because saroglitazar
is still needed to go under the phase of human trials [16].
Moreover, in vitro model of NAFLD is shown to decrease
the production or function of TET-1, and it is an important
hydroxymethylase that serves to play a superior role in
development and tumor formation. Pathogenesis of NAFLD
is known to be activated by a series of the process known as
DNA methylation, has the epigenetic background. Still, the
TET-1 role is not well studied in the case of NAFLD, but
TET-1 plays a major role in the PPARα expression in the
methylated PPARα promoter region and it has great
involvement in the expression of enzymes potently in the
regulation of fatty acid β-oxidation, hence inhibiting triglyc-
eride deposition in the liver, as lack of TET-1 can cause tri-

glyceride accumulation in the liver as well as in adipocytes
[16]. Our study deals with the effect of saroglitazar (is a dual
peroxisome proliferator-activated receptor (PPAR) agonist),
with the association of the TET-1 gene with other inflamma-
tory molecules, is regulated by the use of saroglitazar per-
formed in vitro adipocytes and manage the normal state of
the cell by regulating the lipid metabolism. Several studies
suggest that TET enzymes alter gene expression in synergy
with epigenetic changes, remaining important contributors
to adiposity and its metabolic consequences. This study will
explore new approaches to treating obesity, type 2 diabetes,
and other metabolic disorders. The TET-1 regulation in dia-
betic adipocytes is well regulated by the seed extract of
Tamarindus indica and Momordica charantia supplementa-
tion. In conclusion, our study results suggest that the supple-
mentation of seed extract of Tamarindus indica and
Momordica charantia may have beneficial effects on the reg-
ulation of diabetes and that will hold the new antidiabeto-
genic drugs hope as therapeutic medications. However,
furthermore, studies are required to unfold a clear view of
these extracts.
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Figure 5: The relative mRNA expression in response to saroglitazar drug in catalase, SOD1, SOD2, GPx, IL1 Beta, IL-6, TNF, and TET1
gene. CA: control adipocytes; CA+Glc: glucose-fed adipocytes; CA+SAZ: saroglitazar-treated adipocytes. ∗∗ showed a significant
association and ∗∗∗ showed a highly significant association when compared with glucose-treated adipocytes and control adipocytes,
respectively. The P values were calculated using one-way ANOVA.
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Green forage is an excellent feed source for livestock. It is an integral part of livestock production to accomplish the demands for
butter, milk, and other derivatives for human utilization. Livestock contributes 11.39% towards the gross domestic product of
Pakistan and 58.33% in agricultural farming. Livestock face shortage or insufficient supply of green fodder during the winter
season, which ultimately reduces milk yield. Oat (Avena sativa L.) is a major forage crop in the winter season; however, several
biotic and abiotic factors negatively affect its yields. Low soil fertility, particularly nitrogen deficiency, is regarded as one of the
few reasons responsible for the low forage yield of oat. Low organic matter content in the soil, suboptimal agronomic practices,
and harsh climatic conditions are the other major reasons for low oat yield. Seed rate and different nitrogen rates significantly
alter green forage yield and quality of oat. This study assessed the impact of different seeding densities and nitrogen (N) doses
on the forage yield of oat. Three seeding densities (70, 80, and 90 kg ha-1) and five N doses (0, 40, 80, 120, and 160 kg ha-1)
were included in the study. The interactive effect of seeding density and N doses significantly altered green forage yield and
quality attributes of oat. The highest green forage yield (54.67 t ha-1) was noted for the interaction among 90 kg seed rate ha-1

and 160 kgNha-1. Similarly, the highest germination count (140m-2), number of tillers (5.97m-2), plant height (122.97 cm),
number of leaves per plant (24.50m-2), leaf area per tiller (123.18 cm2), fresh weight (5.47 kgm-2), dry weight (1692 gm-2), dry
matter yield (20.90 t ha-1), crude protein (10.54%), crude fiber (31.62%), and total ash (9.39%) were recorded for the interactive
effect of 90 kg seed rate ha-1 and 160 kgNha-1. Economic analysis revealed that interaction between 90 kg seed rate ha-1 with
120 and 160 kgNha-1 was superior to others with higher benefit: cost ratio and net economic returns. It is recommended that
the oat seed rate of forage oat crop must be kept at 90 kg ha-1 and it should be supplied 120 kgNha-1 for higher yield, better
quality, and more economic returns.
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1. Introduction

Green forage is a valuable and the cheapest source of energy
and provides excellent feed for livestock. A sustainable sup-
ply of green forage is a major constraint in livestock produc-
tion to achieve the requirements for milk, butter, and other
milk derivatives for human consumption [1]. Livestock con-
tributes 58.33% towards agriculture and 11.39% towards the
gross domestic product of Pakistan during 2016-2017 [2].
Livestock is usually underfed in Pakistan, which results in
a low animal population. Imbalanced and low soil fertility,
low organic matter content, and nitrogen deficiency are the
major factors responsible for the low forage yield globally [3].

Oat is locally known as “jai” or “jodar” in Pakistan and
belongs to the family Poaceae. Pakistan is facing a 52-54%
deficiency in the domestic fodder requirements [4]. Globally,
oat is grown for grain, green forage, and fodder for livestock.
It is the most important and cheapest source of cereal fodder
crops grown during the winter season throughout Pakistan
under rain-fed and irrigated conditions. Oat fodder is nutri-
tious, palatable, and succulent. The nutritive value of oat
fodder can be increased by combining it with legumes, like
alfalfa, Persian clover, berseem, and pea [5]. It contains high
amounts of minerals, including phosphorus and iron, fat,
vitamin B1, and protein. Oat is a high-yielding crop in tem-
perate climates and exhibits low tolerance to waterlogging
[1]. Oat grains are a rich nutritive feed for dairy cows, sheep,
horses, and young breeding animals [6]. Oat forage contains
30.44% crude fiber, 9.3% crude protein, 3.56% fat, and 0.27%
phosphorus. It can be directly grazed to feed animals before
seed setting and can be grown for grain purposes [7]. Its
good quality grains and leaves are a rich source of carotene
and carbohydrates. Oat requires 16-32°C temperature and
400mm rainfall during the growing season for optimum
growth and development [8].

Grains and leaves of forage oat are a rich source of caro-
tene and carbohydrates [7]. The forage yield of oat in Paki-
stan is too low than other countries. The main reasons for
low forage production are changing climate, low soil fertility,
unavailability of high-yielding varieties, socioeconomic fac-
tors, shortage of irrigation water, poor seeding techniques,
and mismanagement of fertilizer application [9].

Genus Avena consists of seventy species. Avena byzan-
tina and Avena sativa are mainly cultivated for green forage
and fodder purposes. There is a dire need to improve the
forage yield of oat, which can be achieved by adopting
improved agronomic practices [8]. Oat ranks 6th as a cereal
crop worldwide after wheat, maize, rice, barley, and sor-
ghum. Oat is a multicut fodder crop and achieves maximum
green fodder yield with appropriate management. It should
be harvested at 50% flower blooming [10].

Sowing fodder crops with optimum seed rate is impor-
tant to get sufficient plant population, which ultimately con-
tributes towards high forage production. Plant population
has a direct impact on forage yield and quality. Low and
high plant population reduces the yield and quality of for-
ages; thus, seeding density must be kept optimum. The seed
rate of legumes could be decreased when these are sown in a

mixture with other fodders [11, 12] The use of low or high
seed rate exerts negative impacts on forage yield and quality
[13]. A lower seed rate increases plant height, while a high
seed rate reduces plant height due to less space, antagonism
for light, and other resources [14]. The plant height of forage
crops decreases with increasing seeding rate, which indicates
competition for light [14].

Kakol et al. [15] recorded the highest green forage yield
of oat with a 100 kg ha-1 seed rate compared to 125 kg ha-1,
while the quality of forage remained unaffected. Jan and
Jan [16] have also reported a nonsignificant impact of seed
rates on green and dry forage yields of oat. Abate and Wegi
[13] concluded that optimum seed rate and fertilizer level
have a significant effect on green forage yield of oat and
dry matter production.

Nitrogen (N) is a compulsory part of protein and a phys-
iologically important compound that improves the growth
and development of crop plants [17]. Nitrogen plays a vital
role in crop production [18–20]. It is an essential ingredient
of plant cell constituents like green pigments, amino acids,

Table 1: Analysis of variance of different seeding rates, nitrogen
doses, and their interactions on germination count, plant height,
number of tillers per plant, leaf area per tiller, and fresh and dry
biomass of oat.

SOV DF SS MS P value

Germination count

Seed rate (S) 2 6932.5 3466.25 0.0000∗∗

Nitrogen doses (N) 4 994.2 248.56 0.0852NS

S × N 8 1168.6 146.08 0.2640NS

Plant height

Seed rate (S) 2 359.69 179.85 0.0028∗

Nitrogen doses (N) 4 4829.57 1207.39 0.000∗∗

S × N 8 569.46 71.18 0.0173∗

Number of tillers

Seed rate (S) 2 9.9613 4.98067 0.0000∗∗

Nitrogen doses (N) 4 25.3444 6.33611 0.0000∗∗

S × N 8 2.5542 0.31928 0.00136∗

Leaf area per tiller

Seed rate (S) 2 1570.23 785.114 0.0000∗∗

Nitrogen doses (N) 4 2863.32 715.831 0.0000∗∗

S × N 8 883.81 110.476 0.0235∗

Fresh weight

Seed rate (S) 2 3.4964 1.74822 0.0000∗

Nitrogen doses (N) 4 32.3658 8.09144 0.0000∗∗

S × N 8 0.1969 0.02461 0.0240∗

Dry weight

Seed rate (S) 2 287097 143548 0.0008∗

Nitrogen doses (N) 4 7122222 1780555 0.0000∗∗

S × N 8 534114 66764 0.0016∗

SOV: source of variation, DF: degree of freedom, SS: sum of squares, MS:
mean squares, ∗: significant, NS: nonsignificant.
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enzymes, and nucleic acids. Plants uptake N in dissolved
form and partition it into different organs. Nitrogen exerts
significant impacts on tillering, stem elongation, heading,
cell division, booting, and grain filling. Nitrogen also affects
crop morphology [21]. It is the most deficient nutrient in
soils, thus required in heavy amounts for cereal and fodder
crops [22]. Several factors including soil pH, moisture con-
tents, and temperature significantly affect N losses [23].
However, the application of optimum dose is important to
fetch high yield and quality [16]. Higher N application
improves forage yield. Green fodder yield of oat was signifi-
cantly affected by 80 kgNha-1, and it was higher than con-
trol, 40 and 120 kg ha-1 [24]. However, the optimum N
dose significantly varies among locations and agroclimatic
conditions. Therefore, it is mandatory to optimize the N
application dose and seed rate for high forage production.

It was hypothesized that increasing the N dose will signifi-
cantly differ the forage yield and quality. Similarly, different
seed rates would have a significant impact on forage yield
and quality of oat. The results will help to optimize seed rate
and N doses for oat fodder production in agroclimatic con-
ditions of Dera Ghazi Khan, Pakistan.

2. Materials and Methods

2.1. Experimental Site. The current field study to optimize
seed rate and N application rate for oat were conducted at
a research farm, Ghazi University, Dera Ghazi Khan, Paki-
stan, during the winter season, 2015-2016.

2.2. Experimental Details. The experiment was conducted on
a fallow field, which was leveled, and fallow cultivation was

Table 2: Interactive effect of seed rate and nitrogen level on germination count, plant height, numbers of leaves, and leaf area per tiller of
forage oat.

Treatments
Germination
count (m-2)

Plant height (cm)
Number of
leaves (m-2)

Leaf area per
tiller (cm2)

Fresh weight
(kgm-2)

Dry weight (gm-2)

Seed rate (S)

S1 108.42 C 104.45 B 20.180 B 110.08 B 3.8267 C 897.7 B

S2 125.19 B 108.1 AB 20.780 B 118.32 A 4.2200 B 845.3 B

S3 138.77 A 111.37 A 22.060 A 100.02 C 4.5067 A 1034.7 A

LSD 3.8 1.8 0.32 2.33 0.34 45.13

Nitrogen doses (N)

N1 119.93 NS 92.51 D 19.667 D 107.00 B 2.7889 E 457.6 C

N2 118.64 103.48 C 17.756 E 117.81 A 3.7444 D 468.1 C

N3 123.08 105.32 C 20.956 C 121.95 A 4.3333 C 1008.9 B

N4 128.47 116.71 B 22.756 B 94.91 de 4.9556 B 1342.0 A

N5 130.61 121.90 A 23.900 A 96.54 de 5.1000 A 1353.0 A

LSD 0.05 4.91 2.33 0.42 90.54 e 0.44 58.26

S ×N

S1N1 109.97 NS 94.43 g 17.50 g 115.91 ab 2.47 k 403.0 e

S1N2 103.23 94.37 g 17.67 fg 121.61 a 3.23 h 459.7 e

S1N3 101.70 96.33 fg 20.63 d 102.15 cd 4.03 fg 962.7 cd

S1N4 115.97 115.70 abc 22.20 c 104.71 cd 4.63 d 1317.3 b

S1N5 111.23 121.40 ab 22.90 bc 104.58 cd 4.77 d 1346.0 b

S2N1 111.2 91.37 g 17.43 g 115.78 ab 2.87 j 494.0 e

S2N2 114.53 104.50 ef 19.10 ef 123.18 a 3.90 g 470.7 e

S2N3 129.13 106.30 de 20.03 de 107.38 bc 4.33 e 1167.3 bc

S2N4 131.23 115.57 abc 23.03 abc 121.54 a 4.93 c 1016.7 cd

S2N5 139.87 122.97 a 24.30 ab 119.88 a 5.07 c 1348.3 b

S3N1 138.33 91.73 g 18.33 fg 121.74 a 3.03 i 475.7 e

S3N2 138.17 111.57 cde 22.23 c 121.08 a 4.10 f 474.0 e

S3N3 138.4 113.33 bcd 22.20 c 10.65 4.63 d 896.7 d

S3N4 138.2 118.87 abc 23.03 abc 110.77 5.30 b 1692.0 a

S3N5 140.73 121.33 ab 24.50 a 5.47 a 1364.7 b

LSD 0.05 17.44 8.29 1.48 0.16 206.7

Mean 124.13 107.98 21 4.18 19.32

Here, S1 = 70 kg ha−1, S2 = 80 kg ha−1, S3 = 90 kg ha−1, N1 = 0 kg ha−1, N2 = 40 kg ha−1, N3 = 80 kg ha−1, N4 = 120 kg ha−1, and N5 = 160 kg ha−1. Means sharing
similar letters within a column are statistically nonsignificant.
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done. Thereafter, presocking irrigation of 10 cm was applied,
and the field was cultivated two times with the help of a cul-
tivator followed by planking when the soil attained a work-
able moisture regime. The approved oat cultivar for forage
production (S-2000) was used in the experiment. Three seed
rates, i.e., 70, 80, and 90 kgha-1, and five N levels (0, 40, 80,
120, and 160 kgha-1) were included in the study. Seeds were
sown in 30 cm-apart rows with the help of a single-row hand
drill, and each experimental unit consisted of six lines. The
crop was sown during the 2nd week of December 2015. Urea
and single super phosphate (SSP) were used as the source of
nitrogen and phosphorus, respectively. The whole amount of
recommended phosphorus rate (80 kg ha-1) was applied as a
basal dose, while N was applied in two splits according to the
treatments. The first split of N was applied at the time of
sowing, whereas the second split was given with the first irri-
gation. Three irrigations were given during the entire growth
period of the crop. The crop was harvested manually at a
ground level with the help of a sickle date.

2.3. Data Collection. Standard procedures were used for data
collection which were kept uniform for all treatments. Data
relating to germination count (m-2), plant height (cm), num-
ber of leaves (per plant), number of tillers (m-2), leaf area per
tiller (cm2), fresh weight (kgm-2), dry weight (gm-2), green
forage yield (t ha-1), and dry matter yield (t ha-1) were col-

lected. For seed germination, experimental plots were visited
daily until the last seed emerged. The number of seeds ger-
minated on the final day of the count was regarded as germi-
nation count. The heights of five randomly selected plants
from each experimental unit were measured and averaged.
The number of tillers from five randomly selected plants in
each experimental unit was counted and averaged. The
destructive sampling method was used for the determination
of fresh and dry biomass. A 1m2 area was harvested and
weighed to record fresh forage yield. The harvested sample
was dried in an oven at 70°C, and then the dry yield was
measured. This yield was then converted to t ha-1 by a uni-
tary method. Crude protein (%), crude fiber (%), and total
ash (%) were determined by burning a predefined quantity
of the plants.

2.4. Economic Analysis. Economics analysis was conducted
to determine the economic feasibility of applied treatments.
Total and gross incomes were calculated from the total yield
of the forage oat. Then the total cost of production was cal-
culated by adding total fixed and total variable costs. Benefit-
cost was determined by dividing the gross income by the
total cost according to the procedures devised by CIMMYT
(1988).

Benefit − cost ratio =
Net income

Total expenditure
: ð1Þ

2.5. Statistical Analysis. The collected data of all parameters
were analyzed by Fisher‘s analysis of the variance technique,
and the LSD test at a 0.05 probability level was applied to
compare the significance of treatment means [25].

3. Results

3.1. Germination Count (m-2). The germination count of for-
age oat was significantly affected by different seed rates,
while the main effects of the N level were nonsignificant
(Table 1). Similarly, the interactive effect of the seed rate
and N level was also nonsignificant. The highest germination
count was recorded for S3 (138.77m

-2), whereas the lowest
plant population (108.42m-2) was noted for S1 (Table 2).
The higher germination count is directly linked to a higher
seed rate used.

3.2. Morphological Attributes. The individual and interactive
effects of seed rate and N doses significantly altered plant
height, number of leaves per plant, leaf area per tiller, and
fresh and dry weight (Table 1). The highest plants were
observed for S2N5 (122.97 cm), which was statistically at
par with S1N5, S3N5, S3N4, and S1N4. The lowest plant height
was observed for S2N1 (91.37 cm), S1N2 (94.37 cm), S1N1
(94.43 cm), and S1N3 (96.33 cm). The increase in N unit
increased plant height (Table 2).

More number of leaves of forage oat were noted for S3N5
(24.50m-2), which was statistically similar to S2N5, S3N4, and
S2N4. The lowest numbers of leaves per plant were recorded
for S2N1, which was statistically similar to S1N1, S1N2, and
S3N1 (Table 2).

Table 3: Analysis of variance of different seeding rates, nitrogen
doses, and their interactions on forage and dry matter yields,
crude fiber, crude protein, and total ash of forage oat.

SOV DF SS MS P value

Forage yield

Seed rate (S) 2 338.71 169.356 0.0000∗∗

Nitrogen doses (N) 4 3213.35 803.338 0.0000∗∗

S × N 8 28.89 3.612 0.0151∗

Dry matter yield

Seed rate (S) 2 3.7773 1.8887 0.0008∗

Nitrogen doses (N) 4 83.3142 20.8286 0.0000∗∗

S × N 8 4.2604 0.5326 0.0268∗

Crude protein

Seed rate (S) 2 1.2379 0.6189 0.0304∗

Nitrogen doses (N) 4 72.2770 18.0692 0.0000∗∗

S × N 8 6.8236 0.8529 0.0003∗

Crude fiber

Seed rate (S) 2 53.324 26.6618 0.0037∗

Nitrogen doses (N) 4 226.558 56.6395 0.0000∗∗

S × N 8 97.847 12.2309 0.0111∗

Total ash

Seed rate (S) 2 9.3352 4.66760 0.0000∗∗

Nitrogen doses (N) 4 11.2192 2.80480 0.0000∗∗

S × N 8 4.8808 0.61010 0.0029∗

SOV: source of variation, DF: degree of freedom, SS: sum of squares, MS:
mean squares, ∗: significant, NS: nonsignificant.
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The highest leaf area was recorded for S2N5, which was
statistically similar to S3N4, S1N5, S3N2, and S3N5. The low-
est leaf area was observed for S1N1, and it was closely related
to S1N2 and S1N3 (Table 2).

3.3. Yield and Quality Attributes. The individual and interac-
tive effects of seed rate and N doses significantly affected for-
age yield, dry matter yield, crude fiber, crude protein, and
total ash in forage oat (Table 3). Overall, these parameters
were increased with increasing seed rate and N levels. The
highest green forage yield was noted for S3N5, which was
similar to S3N4, S2N5, and S2N4 (Table 4). The lowest green
forage yield was produced by S1N1, and it was statistically
similar to S2N1 and S3N1. Kakol et al. (2003) reported that
oat plants positively respond to seed rate and N, which
improve their growth and forage production. Shukla and
Lal (1998) recorded significant differences among 80 and

60 kg phosphors for green forage yield. The highest dry mat-
ter yield was observed for S1N4, whereas S1N1 recorded the
lowest dry matter yield (Table 4).

Variation in seed rate and N level significantly affected
the crude fiber percentage. The highest crude fiber percent-
age was observed for S3N5, while S2N1 resulted in the lowest
crude fiber percentage (Table 4).

3.4. Economic Analysis. The interactive effect of seed rate
and N doses has a significant impact on variable costs
(Table 5) and economics (Table 6). The highest net income
and benefit-cost ratio was recorded for S3N4, whereas S1N1
recorded the lowest net income and benefit-cost ratio,
although increasing N doses improved all traits and the
highest dose proved superior in this regard. However, the
economic analysis revealed that applying higher N doses is
not an economic option. Although the highest N dose, i.e.,

Table 4: Interactive effect of seed rate and nitrogen level on green forage yield, dry matter yield, crude protein, crude fiber, and total ash of
forage oat.

Treatments Green forage yield (t ha-1) Dry matter yield (t ha-1) Crude protein (%) Crude fiber (%) Total ash (%)

Seed rate (S)

S1 38.827 C 19.07 B 8.87 A 27.28 B 7.58 C

S2 42.717 B 19.16 B 8.52 A 27.10 B 7.91 B

S3 45.517 A 19.73 A 8.88 B 29.49 A 8.67 A

LSD 0.05 0.4 0.16 0.14 0.72 0.14

Nitrogen doses (N)

N1 28.389 E 17.17 D 6.98 E 24.75 C 7.14 C

N2 37.978 D 18.57 C 7.82 D 26.76 B 7.93 B

N3 43.983 C 19.40 B 8.72 C 27.36 B 8.30 AB

N4 50.170 B 20.64 A 9.86 B 29.88 A 8.44 A

N5 51.249 A 20.87 A 10.42 A 31.03 A 8.48 A

LSD 0.05 0.51 0.21 0.19 0.92 0.18

S ×N

S1N1 25.833 i 16.60 d 7.45 ef 24.55 d 6.57 e

S1N2 32.600 g 18.07 c 8.23 d 24.71d 7.02 e

S1N3 41.033 ef 19.33 b 8.41 d 27.75 bcd 8.00 cd

S1N4 46.667 c 20.57 a 9.80 bc 29.32 abc 7.88 cd

S1N5 48.000 c 20.80 a 10.45 ab 30.05 ab 8.45 bc

S2N1 29.000 h 16.70 d 5.94 g 20.55 e 6.78 e

S2N2 39.667 f 18.23 c 7.22 f 26.22 cd 7.79 d

S2N3 43.917 d 19.43 b 9.27 c 27.15 bcd 8.45 bc

S2N4 49.923 b 20.63 a 9.93 abc 30.15 ab 8.05 cd

S2N5 51.080 b 20.80 a 10.28 ab 31.42 a 8.49 bc

S3N1 30.333 h 18.20 c 7.54 ef 29.15 abc 8.05 cd

S3N2 41.667 e 19.37 b 8.00 de 29.35 abc 8.99 ab

S3N3 47.000 c 19.43 b 8.49 d 27.18 bcd 8.45 bc

S3N4 53.920 a 20.90 a 9.85 bc 30.15 ab 9.39 a

S3N5 54.667 a 20.73 a 10.54 a 31.62 a 8.49 bc

LSD 0.05 1.84 0.75 0.66 3.29 0.65

Mean 42.35 19.32 8.76 27.95 8.06

Here, S1 = 70 kg ha−1, S2 = 80 kg ha−1, S3 = 90 kg ha−1, N1 = 0 kg ha−1, N2 = 40 kg ha−1, N3 = 80 kg ha−1, N4 = 120 kg ha−1, and N5 = 160 kg ha−1. Means sharing
similar letters within a column are statistically nonsignificant.
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N5, also recorded a higher net income and benefit-cost ratio
than other N doses, N4 recorded the highest net income and
benefit-cost ratio (Table 6).

4. Discussion

The higher germination count is directly linked to a higher
seed rate used. These results are similar to [26] who recorded
the highest number of plants of forage maize with a higher
seeding density. The nonsignificant effect of N doses on ger-

mination of forage oat is also reported by Shukla and Lal
[27] who also reported nonsignificant results of oat germina-
tion percentage when grown with organic or inorganic
sources of fertilizers. This might be due to the contribution
of N in the growth of oat plants. Zahid et al. [28] concluded
that plant height was increased with increasing N doses and
farmyard manure. Irfan et al. [29] found a significant differ-
ence in the plant height of oat, and these results are also in
line with others. Another concluded that the plant height
of oat was significantly altered by the split application of N

Table 5: Fixed and variable costs of production for forage oat.

Operation/input No. of operations/ha Rate per unit (PKR) Cost per unit (PKR)

Land preparation

Ploughing 2 2000 ha-1 4000 ha-1

Planking 1 1500 ha-1 1500 ha-1

Sowing

Seed/sowing ∗ ∗ ∗

Drill sowing 2500 ha-1 2500 ha-1

Irrigation

Irrigation charges 3 irrigations 1000 3000

Labor cost for irrigation 1 man for 3 times 500 per day 1500

Fertilizer

Nitrogen from urea ∗ ∗ ∗

Phosphorus from single super phosphate 80 kg 111 kg-1 8888

Plant protection measures Weeding 1000

Harvesting

Labor charges for harvesting 7 men 500 per men 3500

Land rent 6 months 30250 ha-1 15125

Total fixed cost 41013
∗: variable cost of seed, ∗: variable cost of nitrogen.

Table 6: Economics analysis for different seed rates and nitrogen doses used to produce forage oat.

Treatments Gross income (PKR ha-1) Total cost (PKR ha-1) Net income (PKR ha-1) Benefit : cost ratio

S1N1 51666 45213 6453 1.14

S1N2 65200 48253 16947 1.35

S1N3 82066 51293 30773 1.60

S1N4 93334 54333 39001 1.72

S1N5 96000 57373 38627 1.67

S2N1 58000 45813 12187 1.27

S2N2 79334 48853 30481 1.62

S2N3 87834 51893 35941 1.69

S2N4 99846 54933 44913 1.82

S2N5 102160 57973 44187 1.76

S3N1 60666 46413 14253 1.31

S3N2 83334 49453 33881 1.69

S3N3 94000 52493 41507 1.79

S3N4 107840 55533 52307 1.94

S3N5 109334 58573 50761 1.87

1USD = 160 PKR. Here, S1 = 70 kg ha−1, S2 = 80 kg ha−1, S3 = 90 kg ha−1, N1 = 0 kg ha−1, N2 = 40 kg ha−1, N3 = 80 kg ha−1, N4 = 120 kg ha−1, and N5 = 160 kg
ha−1.
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and potassium. One of them recorded significantly higher
plant height (119.58 cm) in forage oat by the application of
80 kgNha-1.

The higher number of leaves per plant can be owed to
the contribution of N in vegetative growth. Similar findings
have been reported by Ahmad et al. [30]. Irfan et al. [29]
reported higher and lower numbers of leaves of forage oat
with the highest and the lowest N application.

The highest number of tillers m-2 was counted for S3N5,
which was similar to S3N4, S2N5, S3N3, and S3N2. The low-
est number of tillers per plant in forage oat was observed
for S1N1, which was statistically similar to S2N1, S3N1,
and S1N2 (Table 2). Metwally et al. [31] concluded that
the application of 100 kg ha-1 N significantly enhanced the
tillering capacity of forage oat. Jehangir et al. [32] reported
that the number of tillers significantly increased with
increasing the fertility status of the soil. These results are
in line with Ahmad et al. [30] who concluded that
150 kg ha-1 N and 60 kg ha-1 phosphorus produces the high-
est leaf area of (128 cm2) in forage oat. Jiwang et al. [33]
reported that increasing the fertilizer level increases the leaf
area. Khandaker and Islam [34] recorded the highest leaf
area of forage oat with 120 kg ha-1 N. Tanha [35] observed
the highest leaf area in forage maize with 200 kgha-1 N
application.

Fresh and dry weights significantly increased with the
increasing seed rate and N level. The highest fresh weight
was observed for S3N5, which was close to S3N4. The lowest
fresh weight was observed for S1N1. Sharma and Bhunia [36]
studied the response of organic and inorganic sources of N
and concluded that the inorganic N source produced the
highest fresh weight per tiller. Singh et al. [37] reported that
the application of farmyard manure significantly increased
the fodder yield in maize. Wheed et al. [38] reported that a
higher N level increased green forage yield.

Orloff et al. [39] recorded the highest dry fodder yield
with 136 kg ha-1 N application.

Crude protein percentage is an important quality param-
eter, which determined the quality of forage crops. Applica-
tion of N from lower to higher levels significantly increased
crude protein contents; however, crude protein beyond a
certain range reduced the forage quality and increases succu-
lence. The highest crude protein was observed for S2N5,
whereas S2N1 resulted in the lowest crude protein. Kumar
et al. [40] observed that 80 kg ha-1 N resulted in the maxi-
mum crude protein yield and observed a maximum crude
protein yield with 120 kgNha-1. Kumar et al. [41] observed
that the application of N up to 80 kg per hectare enhanced
the crude protein yield, and a further increase in N
decreased the crude protein yield. Khan et al. [42] concluded
that crude protein quality may be affected by N application
as it is an essential part of protein, chlorophyll, and proto-
plast. Farooq et al. [43] also reported similar results. These
results are in line with [44] who observed higher crude fiber
with 150 kg ha-1 N application.

The highest ash percentage was recorded for S3N4, and
the lowest was observed for S1N1 (Table 4). These results
are in line with Alajmi et al. [45] who observed a maximum
ash percentage with 150 kg ha-1 N application. Saleh et al.

[46] also concluded similar results and reported that increas-
ing N application significantly increased the ash content in
forage maize.

5. Conclusion

The results revealed that seed rate and nitrogen doses signif-
icantly altered the yield and forage quality of forage oat. It is
concluded that forage oat crops should be grown with a seed
rate of 90 kg ha-1 and supplemented with 120 kg ha-1 of
nitrogen for higher yield, better quality, and more economic
returns.
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Triticum aestivum (Family: Poaceae), Ocimum sanctum (Family: Lamiaceae), and Tinospora cordifolia (Family: Menispermaceae)
are commonly known as wheatgrass, tulsi, and giloy, respectively, which are the plants used as medicines for the treatment of
various diseases. All three medicinal plants possess phenolic compounds with other important chemical constituents such as
polysaccharides, aliphatic compounds, and alkaloids. The extract of these plants has been prepared and investigated for
antioxidant, total phenolic content, total flavonoid content, and antimicrobial study in order to discover potential sources for
new pharmaceutical formulations. To determine the antioxidant activity, a free radical scavenging assay for 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and hydrogen peroxide was performed using ascorbic acid as the standard. The R2 value of the
prepared extract was found to be 0.9964 and 0.990 in DPPH and hydrogen peroxide scavenging activity, respectively. The
phenolic and flavonoid content was found to be 87.50 μl/ml and 58.00μl/ml, respectively. The diffusion method was used to
screen the antimicrobial activity of the prepared extract sample against various microorganisms. This extract showed better
results for antioxidant and antimicrobial activity.

1. Introduction

Multidrug therapy is a useful method that focuses on inhi-
biting or destroying harmful agents (such as cancer cells or
infections) as well as activating human body defense or heal-
ing mechanisms. It is the result of the progressive abandon-
ment of the previously held dogma of monodrug therapy; for
decades, pharmacological research was predicated on the
discovery of a single active principle [1]. In terms of phy-
totherapy research, traditional Chinese medicine, Ayurveda,

and traditional Western phytomedicines have just recently
begun to be scientifically validated and valued. Furthermore,
over the last 20 years, the use of conventional drugs in com-
bination with complementary and alternative medicine
(CAM) has increased worldwide, including not just homo-
eopathy, naturopathy, chiropractic, and energy medicine
but also ethnopharmacology and phytotherapy [2]. Many
diseases now have a complicated aetiology that could be
treated more effectively with a drug combination strategy
rather than a single administration. In Western countries,
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efficient multidrug therapy is routinely used to treat multi-
factorial or complicated disorders (e.g., cancer, hyperten-
sion, metabolic and inflammatory diseases, acquired
immune deficiency syndrome (AIDS), and infections) [3].

Synergistic effects are the combined effects of at least two
drugs that have a greater influence than either of them could
have had individually. It is what happens when chemical
substances or biological structures interact, resulting in a
larger overall effect than the sum of their separate effects.
Skin damage caused by combining tobacco smoke and UV
radiation is more noticeable than tobacco smoke alone or
UV radiation alone, as an example of synergistic effects.
The liver is harmed by both carbon tetrachloride and etha-
nol (ethyl liquor) [4]. When used combined, they cause
more serious liver damage than the sum of their individual
effects on the liver. Barbiturate medications can have more
harmful effects on the central nervous system (CNS) when
combined with general anaesthetics, alcohol (acute con-
sumption), narcotic analgesic (pain reliever), and other
sedative-hypnotic agents (by causing CNS depression), when
doctors use ampicillin and gentamicin to treat bacterial heart
infections. This is done because the two antimicrobials target
different parts of the bacteria, and combining them destroys
the microscopic organisms faster, allowing for speedier
recovery. Another example of synergism is the treatment of
cancer. Chemotherapy and radiation therapy are often
administered to cancer patients. They work to halt cancer
cell proliferation by focusing on distinct aspects of the repli-
cating process [5].

Social insects are an example of synergy in ecology since
they have diverse responsibilities and classes in their colony.
Chemical signals picked up by their antennae are the pri-
mary means by which they communicate with one another.
Colobopsis explodens, for example, exhibits an intriguing
trait known as autothysis. While wrapped around their vic-
tim, these ants will spontaneously erupt (thus the name).
This suicidal gesture is a desperate attempt to protect their
nest. Soldier termites will rupture their bodies to function
as a roadblock to tunnels, preventing invaders from entering
their nest, which is known as autothysis [6, 7].

Myxococcus xanthus, a predatory myxobacterial species,
exhibits cooperative behaviour that leads to synergism. M.
xanthus is a bacterium that feeds on other bacteria in the
soil. Through the soil, they create a cooperative hunting
group (colony). As they come into contact with bacteria
and feed on it, they emit digestive enzymes. They can feed
a much larger prey and generate considerably more digestive
enzymes in colonies than they do individually, which has the
disadvantage of being distributed through the soil [8, 9]
(Figure 1).

Pest synergy is defined as the presence of two or more
parasites in the same host. As an example, the presence of
two different types of parasitic worms would result in syner-
gistic negative effects that are significantly bigger than the
impacts of each individual parasitic worm. As a result, the
impact is proportional to the density. Even in infection, this
is visible. The host that harbours pathogenic bacteria or
viruses may or may not produce symptoms of infection, as
the impact of the pathogens’ presence is determined by the
size or population density of the pathogens [10].

Sufficient
food

A-signal

Food scarcity

C-signal

Figure 1: Myxococcus xanthus: synergy by cooperation.

All the extracts are mixed in
equal ratio to form combine
sample

Figure 2: Flowchart showing preparation of combined sample of
extract.
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Since ancient times, we have used plants as major
sources of medicines and antidotes. Compounds derived
from plants (i.e., phytochemicals) are an enormous interest
of researchers as natural alternatives to synthetic or
chemical-based compounds [11]. The Indian System of
Medicine is based on the use of plant extracts to treat various

diseases. The Indian subcontinent features a diverse flora
and fauna in a relatively small geographic region due to
topography, altitude, and climate changes [12]. It therefore
also contains an impressive amount of medical plants. Over
3000 plant species have medicinal properties in India. Most
of the wild varieties found here are rich in medicinal proper-
ties like antibacterial, antiviral, antihelminthic, anticancer,
sedative, laxative, cardiotonic, and diuretic. According to
the World Health Organization (WHO), any plant that pos-
sesses therapeutic (curative) properties or exerts a beneficial
pharmacological (relating to drugs) effect on the animal
body is called a medicinal plant [13].

It has now been discovered that the pharmacological
activity (i.e., drug-like activity) of a plant is because they
can naturally synthesize secondary metabolites (small
organic molecules which are unnecessary for their growth,
development, or reproduction), like oils, glycosides, vita-
mins, alkaloids, and tannins. Metabolite plants produce a
vast range of organic substances that can be divided into
two categories: primary and secondary metabolites. Primary
metabolites, unlike secondary metabolites, play a direct role
in normal growth, development, and reproduction. Ethanol,
lactic acid, and some amino acids are all examples of pri-
mary metabolites. Secondary metabolites have complex
structures and extraordinary concentrations in their cells
[14]. They are unique to a specific species. They are identi-
fied by highly specific actions within or outside the cells.
They are often produced as by-products of primary metabo-
lism, perhaps to deal with excess metabolic compounds and
play an important role in plant defense. Thousands of plants
worldwide are used to cure various diseases, like cancer and
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Figure 3: Effect of ascorbic acid for antioxidant activity using DPPH as free radical scavenging agent.
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Figure 4: Effect of prepared extract sample for antioxidant activity
using DPPH as free radical scavenging agent.
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Figure 5: Effect of prepared extract sample for antioxidant activity
using H2O2 as free radical scavenging agent.

Table 1: Effect of ascorbic acid for antioxidant activity using DPPH
as free radical scavenging agent.

% inhibition Intercept (C) Slope (M) IC50 (μl/ml)

50 41.655 0.033 253.03

Table 2: Effect of prepared extract sample for antioxidant activity
using DPPH as free radical scavenging agent.

% inhibition Intercept (C) Slope (M) IC50 (μg/ml)

50 26.984 0.0564 435.91

Table 3: Effect of prepared extract sample for antioxidant activity
using H2O2 as free radical scavenging agent.

% inhibition Intercept (C) Slope (M) IC50 (μg/ml)

50 12.773 0.0854 408.08
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many chronic diseases, including cardiovascular diseases
(diseases related to the heart and circulatory system). Tradi-
tional medicinal plants contain antiviral properties and are
used to treat viral infections in both animals and
humans [15].

2. Materials and Methods

2.1. Plant Material and Preparation of Combined Sample of
Extract. 25 g grass of Triticum aestivum (Poaceae), 15 g stem
of Tinospora cordifolia (Menispermaceae), and 10 g of leaves
of Ocimum sanctum (Labiatae) were collected from a botan-
ical garden of Bhopal, Madhya Pradesh, India, and authenti-
cated. Plant materials were washed, dried, powdered, and
then extracted by using solvent methanol and acetone in
the ratio of 70 : 30, ethyl acetate and acetone, respectively,
for 24 hours. 50ml of each extract was mixed to form a com-
bined sample of extract (Figure 2).

2.2. Chemicals. Sigma Chemical Co. provided the 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu reagent,
ascorbic acid and gallic acid, and sodium nitrite (L-AA)
(St. Louis, MO, USA). Other chemical reagents were avail-
able commercially and were of analytical quality.

2.3. Screening of Antioxidant Activity of Combined
Sample of Extract

2.3.1. 2,2-Diphenyl-2-picryl-hydrazyl (DPPH) Radical
Scavenging Assay. The delocalization of the extra electron
above the molecule as a whole distinguishes the DPPH mol-
ecule as an established free radical. The molecules then do
not dimerise, as they would with mainly more free radicals.
The deep violet colour owes to delocalization in ethanol
solution, which is characterised by an absorption band at
about 517nm [16].

Different concentrations of combined sample of extract
were arranged for DPPH radical scavenging activity. The

dilutions (400 to 1000 l/ml) were then varied with 0.5ml
DPPH solution and incubated for 30 minutes in the dark
at room temperature. Using the formula below, the % inhi-
bition test was calculated. Using distilled water as a blank,
absorbance was measured at 517nm [17, 18].

%inhibition of DPPH radical

= Control − sample withDPPH − sample without DPPHð Þ
Control × 100:

ð1Þ

2.3.2. Hydrogen Peroxide Radical Scavenging (H2O2) Assay.
Certain variations were used to test the ability of combined
sample of extract to scavenge hydrogen peroxide. At varying
concentrations of aq. arranged extract (400 to 1000 l/ml),
0.5ml of hydrogen peroxide solution made in phosphate
buffer saline with a pH of 7.4 was added. After 10 minutes,
the absorbance was measured at 230nm against a blank
solution containing phosphate buffer but no hydrogen per-
oxide. For background subtraction, a single blank sample
was used for each concentration. The absorbance of hydro-
gen peroxide without the extract sample was measured at
230 nm as a control. The following formula was used to
compute the % inhibitory activity. As a standard, gallic acid
(10-100 g/ml) was used [19].

%inhibition of H2O2 radical

= Control − sample withH2O2 − sample withoutH2O2ð Þ
Control × 100:

ð2Þ

2.3.3. Total Flavonoid Content (TFC). Flavonoids can scav-
enge virtually all known ROS depending on their structure
[20]. TFC was performed using a 1 l/ml extract concentra-
tion and rutin as a reference. The absorbance of a mixture
was measured at 510nm versus produced water as a blank
using the method of Zou et al. [21].

2.3.4. Total Phenolic Content (TPC). The total phenolic con-
tent of the combined sample of extract was determined using
the Folin-Ciocalteu reagent, as described by McDonald et al.
As a control, gallic acid was utilised [22].
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Figure 6: Standard curve of gallic acid.

Table 4: Total phenolic content of prepared extract sample.

Extract sample
(μl/ml)

Absorbance
Gallic acid equivalent

(μl/ml)

1000 1.51 87.50
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2.4. Screening of Antimicrobial Activity of Combined
Sample of Extract

2.4.1. Test Microorganisms. The bacterial strains Escherichia
coli (MTCC No. 1698), Proteus (MTCC No. 658), Staphylo-
coccus aureus (MTCC No. 9886), Staphylococcus cohnii
(MTCC No. 10219), and Klebsiella pneumoniae (MTCC
No. 3040) were selected based on their scientific and medic-
inal importance. All the strains were purchased from the
Institute of Microbial Technology, Chandigarh, and used
for evaluating antimicrobial activity.

2.4.2. Growth Media Preparation. Nutrient agar for bacterial
strains was prepared according to the following standard
procedure.

2.4.3. Nutrient Agar

(1) Purpose. Nutrient agar is a nutrient agar that can be used
to grow a wide range of nonfastidious bacteria. It was created
in response to a demand for a standardized media for the
study of water and wastewater, dairy products, and diverse
meals.

(2) Method for Preparation. In 250ml filtered water, dissolve
6 g of the powder. Boil for 1 minute with frequent agitation
to completely dissolve the powder. Autoclave for 15 minutes
at 121°C. Cool to 45-50 degrees Celsius. Fill sterile 20ml
glass universal tubes with 15-20ml of the supplied media.
Allow thirty minutes for the tubes to freeze before resting
them leaning at 30-60°C to achieve the slope effects. The ste-
rility of the media was confirmed by incubating it at 37°C for
24 hours and then storing it at 40°C for up to two weeks.

Composition of nutrient agar media used was as follows:

(i) Peptone: 5 g/l

(ii) Beef extract: 1.50 g/l

(iii) Yeast extract: 1.50 g/l

(iv) Sodium chloride: 5.0 g/l

(v) Distilled water: 1000ml

2.4.4. Determination of Antimicrobial Activity. The nutrient
agar media was sterilised by autoclaving for 15 minutes at
121°C and 15 pounds of pressure. Petri dishes were filled
with sterile media. A 5mm diameter cork bearer was used
to bore the cemented plates. The antimicrobial experiments
were conducted on plates having wells. Antibacterial activity
of 0.1ml of the above produced combined sample of extract
at varied concentrations of 7%, 5%, 3%, and 1% was tested
against Gram-positive S. aureus and S. cohnii and Gram-
negative E. coli, Proteus, and K. pneumoniae. The well diffu-
sion method [23] was used to demonstrate this.

The streak plate method was used to inoculate the pre-
pared culture plates with several bacteria strains. With a
6mm cork borer, wells were drilled into the medium surface.
Using a sterile syringe, the various samples were poured into
the well. For bacterial activity, the plates were incubated at
37°C for 24 hours. Each concentration of the several samples
was put to the test against a different microbe. The zone of
inhibition was estimated by adding the well diameter to
the diameter of the inhibition zone around the well (in
mm). The average values of the readings were calculated in
four separate fixed directions.

3. Results

3.1. Antioxidant Activity. Line of regression was found to be
y = 0:0564x + 26:984 (3) and y = 0:0854x + 12:773 (4) which
revealed IC50 to be 435.91 and 408.08μl/ml in the above pre-
pared extract sample for 1,1-diphenyl-2-picryl-hydrazyl
(DPPH) radical and hydrogen peroxide (H2O2) scavenging
assay, respectively. It was observed that inhibition of DPPH
and H2O2 was increasing continuously. Thus, from 400μl/
ml to 1000μl/ml, the R2 value was found to be 0.9964 and
0.9904, respectively, which could be considered as the best
fit one. Degradation of H2O2 showed the decline in absor-
bance of H2O2 radical at 230nm caused by reaction between
antioxidants present in the prepared extract and free radical
(Figures 3–5 and Tables 1–3).

y = 0.0025x + 0.011
R2 = 0.9944
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Figure 7: Standard curve of rutin.

Table 5: Total flavonoid content of the prepared extract.

Extract (μl/ml) Absorbance Rutin equivalent (μl/ml)

1000 0.156 58.00
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The total phenols were expressed as μl/ml gallic acid
equivalent using the standard curve equation: y = 0:016x +
0:119, R2 = 0:981 (5). Figure 6 shows the variation of mean
absorbance with concentration of gallic acid. Table 4 shows
the contents of total phenols that were measured by Folin-
Ciocalteu reagent in terms of gallic acid equivalent. The phe-
nolic content was found to be 87.500μl/ml.

The total flavonoids were expressed as μg/mg rutin
equivalent using the standard curve equation: y = 0:002x +
0:011, R2 = 0:994 (6). Figure 7 shows the variation of mean
absorbance with concentration of rutin. Table 5 shows the
contents of flavonoid in terms of rutin equivalent that was
found to be 58.00μl/ml.

3.2. Antimicrobial Activity. The zone of inhibition obtained
in the present study was mentioned in mean ± SD. The anti-
bacterial activity of the prepared extract sample of different
concentration was analyzed against different bacterial
strains. The better activity was observed in this combined
sample of extract against different microorganism (Table 6).

4. Discussion

1,1-Diphenyl-2-picrylhydrazyl (DPPH), is a type of estab-
lished organic radical. The DPPH oxidative assay is used
worldwide in the quantification of antioxidant activity. The
ability of natural reagents to scavenge the DPPH radical
can be stated as its extent of antioxidation capability [24].
The colour of an alcoholic solution of DPPH is deep purple,
with an absorption peak at 517 nm that fades when the rad-
ical scavenger is present in the immediate system and when
the odd electron of the nitrogen in DPPH is paired [25]. The
produced extract was tested for linear inhibition of DPPH in
the concentration range of 400-1000 g/ml in this study.

Several oxidase enzymes and activated phagocytes pro-
duce hydrogen peroxide in vivo, and it is known to have a
role in the death of diverse tissues. There is growing evidence
that hydrogen peroxide can operate as a messenger molecule
in the creation and activation of numerous inflammatory
mediators, either directly or indirectly via its reduction
product, OH- [26]. When a scavenger is treated with
H2O2, the loss of H2O2 can be evaluated using a peroxidase
test method. The prepared combined sample of extract was
evaluated in this study to see if it had considerable hydrogen
peroxide scavenging capability.

Phenolic compounds are a group of antioxidant agents
which acts as free radical terminators. Estimation of the total

phenolic content revealed that the prepared extract possesses
good total phenolic and flavonoid content. Total phenol
content was estimated on the basis of gallic acid. Results
are mentioned as gallic acid equivalent (GAE). Total flavo-
noid was expressed in rutin equivalent (RE). Prepared
extract showed positive results against all microorganisms.
These finding are due the synergistic effect of individual
extract of Triticum aestivum, Ocimum sanctum, and Tinos-
pora cordifolia.

5. Conclusion

According to the findings of this study, the above-mentioned
combined sample of extract has the potential to be used as
medication because it contains antioxidant and antimicro-
bial properties. To fully validate the established claim,
additional knowledge of contemporary pharmaceutical tech-
niques such as extraction and separation of active chemical
constituents is required. In order to determine its position
in medical claims, additional, well-controlled double-blind
trial exams are required to reconsider the efficacy and side
effects.
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Table 6: Zone of inhibition at different concentrations of prepared extract sample against different microorganism.

Prepared extract sample

Conc.
Zone of inhibition mm in diameter (mean ± SD)

Escherichia coli Proteus Staphylococcus aureus Staphylococcus cohnii Klebsiella pneumoniae

7% 16:54 ± 0:32 21:54 ± 0:35 20:78 ± 0:49 19:38 ± 0:21 22:45 ± 0:26
5% 16:09 ± 0:21 19:87 ± 0:28 19:45 ± 0:43 18:76 ± 0:32 21:65 ± 0:87
3% 15:67 ± 0:60 18:98 ± 0:19 18:23 ± 0:62 17:91 ± 0:76 19:98 ± 0:54
1% 14:12 ± 0:98 18:03 ± 0:16 17:11 ± 1:45 17:01 ± 2:43 18:54 ± 0:89
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For dairy cattle, the period involving a shift from late pregnancy to early lactation termed transition or periparturient is an
excruciating phase. Health-related disorders are likely to happen in this time frame. Timely postpartum and metabolic
adjustments to this new physical state demands correct management strategies to fulfill the cow’s needs for a successful
transition to this phase. Among the management strategies, one of the most researched methods for managing transition-
related stress is nutritional supplementation. Dietary components directly or indirectly affect the expression of various genes
that are believed to be involved in various stress-related responses during this phase. Nutrigenomics, an interdisciplinary
approach that combines nutritional science with omics technologies, opens new avenues for studying the genome’s
complicated interactions with food. This revolutionary technique emphasizes the importance of food-gene interactions on
various physiological and metabolic mechanisms. In animal sciences, nutrigenomics aims to promote the welfare of livestock
animals and enhance their commercially important qualities through nutritional interventions. To this end, an increasing
volume of research shows that nutritional supplementation can be effectively used to manage the metabolic stress dairy cows
undergo during the transition period. These nutritional supplements, including polyunsaturated fatty acids, vitamins, dietary
amino acids, and phytochemicals, have been shown to modulate energy homeostasis through different pathways, leading to
addressing metabolic issues in transition cows.

1. Introduction

In dairy cattle, transition period is known to be a critical
physiological stage because majority of the diseases related
to infections and metabolism are likely to happen during this
phase [1, 2]. The transition period involves several biological
changes that involve various complex biochemical interac-
tions. These alterations take place in a series of reactions that
starts three weeks prior to calving, lasting an estimated dura-
tion of three to four weeks following parturition [3].

The transition period in cows can be one of the most
detrimental phases in terms of their overall well-being and
productivity [4]. During the transition phase, cows face

severe metabolic challenges requiring high energy and nutri-
ent intake. This is because the production of colostrum and
milk in cows during lactation requires higher than normal
amount of nutrients and energy. Conversely, it is also gener-
ally observed that cows’ feed intake during transition periods
is reduced. There can be different reasons for lower feed
intake in dairy cattle during the transition period including
environmental factors, physiological changes, level of pro-
duction, feed digestibility, feed processing, and consistency
of ration ingredients, but the main factors observed for
decreased feed intake are effects on rumen capacity [5], heat
stress [6], and hepatic oxidation [7]. Transition dairy cows
are reported to have a large volume of fetus during the last
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3 weeks of gestation, affecting the rumen capacity and adap-
tation, leading to decreased feed intake. The high energy
requirements coupled with less intake of feed create negative
energy balance (NEB) and nutrient deprivation [8]. More-
over, the lower feed intake is usually associated with reduced
appetite in cows during the transition phase, which is
believed to be caused by various molecular mechanisms,
including acute inflammation. In response to inflammation
in the transition phase, the body produces more inflamma-
tory mediators, including complement proteins, cytokines,
and eicosanoids. These molecules form a complex network
and regulate different systemic responses, including reduced
appetite and enhanced heart rate [9]. The NEB also invigo-
rates metabolic changes that can be detrimental to cow’s
health, like increased accumulation of body fat such as non-
esterified fatty acids (NEFA). The higher storage of body fat
causes the accumulation of beta-hydroxybutyric acid
(BHBA) in the blood. Such nutritional responses can be con-
sidered a normal process. However, cows generally fail to
adapt to such metabolic changes during the transition period,
causing an increase in the rate of metabolic and infectious
diseases that influence cows’ reproductive and productive
capability [8].

The inefficient transition from the pregnancy stage to
lactation frequently brings about the loss of 4.5 to 9 kilo-
grams of milk compared to peak production times [10], that
is, equivalent to 907 to 1814 kilograms of untapped milk
production from each cow [8]. Regardless of huge advances
in comprehension of transition cow biology, there is still a
high occurrence of diseases related to infection and metabo-
lism that has been accounted as occurring after the early lac-
tation phase [11, 12]. The frequency of metabolic diseases in
transition cows such as fatty liver, ketosis, and milk fever
accounted from 7.8 to 16.8%, infections of mammary gland
such as udder edema and mastitis accounted from 2.8 to
12.6%, and reproductive diseases such as retained placenta
and dystocia accounted from 6.7 to 19.2% in high milk-
producing cows [13, 14]. Hence, a delicate transition is cru-
cial for managing health-related disorders and improving
productivity of cows during transition period. Therefore,
managing stress that occurs during the transition period is
important for the animals’ wellbeing and for maintaining
their maximum productivity.

2. Risk of Metabolic Disorders during the
Transition Period

Specific desirable outcomes are required for a cattle farm’s
successful and profitable operation, including the successful
adaptation of cows to metabolic challenges during the transi-
tion phase with minimum or no disease rate, no culls, and
good reproductive performance. However, the truth fre-
quently contrasts incredibly. Poor side effects of the produc-
tion process are self-evident. The expression “production
disease” was generally viewed as incorporating the important
metabolic issues such as ketosis, hypocalcemia, and hypo-
magnesemia of dairy cows. More diseases like metritis, lami-
nitis, and abomasum have been incorporated into this term
[15]. With the development and expansion of the dairy

industry worldwide, the sensitivity of diagnostic methods
used for identifying cattle diseases has also improved. Despite
improvements in diagnostic methods and better farm man-
agement practices, dairy farms still continuously face high
rates of metabolic disorders that negatively impact dairy
cows’ health, reproduction, and productivity [16, 17]. Exten-
sive research has addressed the correlations between cows’
metabolism with various periparturient diseases, physiologi-
cal adaptations, and nutritional requirements in the transi-
tion phase. According to a study by LeBlanc (2013), 30 to
50% of dairy cows during calving are influenced by some
metabolic and infectious disorders that significantly affect
dairy production. Frequency rates of compiled periparturient
disease are listed in Table 1. However, contrary to the scien-
tific evidence, research by Van and Sniffen (2014) reported
that most dairy farmers still believe that the metabolic disor-
ders affecting dairy cattle have no substantial effect on the
milk production performance and cows can maintain their
milk production capacities even in the presence of metabolic
disorders.

As opposed to the extensive informational collections on
the performance attributes of dairy cows, the testing of met-
abolic diseases is usually confined to information from single
scientific examinations. In contrast to clinical infections, sub-
clinical metabolic illnesses are much harder to distinguish as
they require extra screening tests, and getting a whole image
is not generally conceivable. This refers not exclusively to the
seriousness of subclinical diseases but also to the impacts
these metabolic disease may have on the risk of getting infec-
tious and fertility disorders. Previously, equivalently not
many examinations have been done to explore connections
over an expanded range of medical conditions with reference
to the production of milk. For instance, in the case of subclin-
ical ketosis, hyperketonemia has been reported in the initial
two months of lactation, which went broadly from 8.9% to
34% in different investigations [19, 20]. It would not be help-
ful to compare the current incidence rate of diseases to those
from past years as records are unreliable. Moreover, higher
quantity milk-yielding cows than their mates in herds are
not consequently at higher risk of getting disorders [21]. As
indicated by Mulligan and Doherty [15], the concept that
high-yielding cows consequently have elevated levels of pro-
duction disorders is probably erroneous as the speculation
that lower-yielding dairy animals experience the lower levels
of diseases related to production.

Drackley [1] reported in his study that unnecessary the
NEB in times of early lactation leads to uncontrolled lipid
metabolism that paves the way for numerous health compli-
cations in dairy cows. These metabolic changes increase the
chances of hypocalcemia, ketosis, hepatic lipidosis, and other
metritis and mastitis like infectious diseases [22–24]. How-
ever, considerable variation in the concentration of plasma
of substrate during diurnal and in subsequent days in early
lactation has been observed. For instance, the concentration
of plasma BHBA is considered the indicator for developing
ketosis in cows, contrasting broadly as does the higher con-
centration of plasma estimated in dairy animals that do not
develop clinical ketosis in the initial six weeks lactation [25].
Variation in metabolites and hormone concentration in the
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period of postpartum vary remarkably among animals held
under comparable and exceptionally normalized conditions
provided in the research farm, demonstrating that the ability
to adapt to metabolic pressure fluctuates impressively
between individual cows [26].

Sordillo and Raphael [27] reported the potential associa-
tions between dysfunctional inflammation responses and the
mobilization of fat that may be associated with increased
mortality and morbidity in the phase of transition. On the
other hand, an effective inflammatory response eliminates
the invading microbe, returns tissues back to normal mor-
phology and function, and reestablishes the homeostasis of
the immune system. This causes various aspects of cows’
immune systems to be undermined around the hour of calv-
ing, particularly affecting inflammatory responses [28]. Sor-
dillo and Raphael [27] presumed in their study that an
adequate response of inflammation is required for the ideal
clearance of pathogen because; during the state of transition
in cows, swift return to immune homeostasis is generally
lost. Suppression of the immune system is observed to be a
common phenomenon in the periparturient dairy cows
which has been connected to the poor status of metabolism
and NEB [29, 30]. Immunoresistant genes are observed to
be upregulated in the cows that suffer NEB [31], while the
genes involved in acquired immune responses are downreg-
ulated [32]. Huzzey et al. [33] reported that cows suffering
from severe metritis ate less than healthy cows during the
half-month preceding the clinical indications of metritis
[33]. Less food intake is related to expanded NEFA concen-
tration that may directly [34] or indirectly [35] play a role in
hampering the function of neutrophils. Both higher patho-
gen challenges and metabolic need force the cattle to regu-
larly experience the significant oxidative pressure in early
lactation [36] and also confer a proinflammatory response
that destablizes the defense mechanism [37]. Metabolic pres-
sure is a significant fundamental factor in the progress of
diseases in transition cows, which occurs when cows fail to
adjust physiologically to higher requirements of nutrients
during parturition and early lactation [37]. The cumulative
impact of oxidative stress, impaired nutrient metabolism,

and impaired inflammatory response can shape destructive
input loops that worsen the metabolic stress and induce
health complications [19].

The role of such pathways that are associated with
inflammation in the processes of adaptation is not yet wholly
comprehended. Farney et al. [38] recommend that in some
cases, insulin resistance induced by inflammation is an adap-
tive phenomenon instead of a pathological one, and that
successful adaptation requires some level of inflammation.
The increased number of analytes related to inflammation
and stress during the periparturient phase is related to a
lower yield of milk and while impaired reproductive ability
is related to the later phase of lactation [39]. The overexpres-
sion of reactive oxygen species is an essential factor of an
impaired inflammatory response leading to oxidative stress
[40]. Conversely, free radicals play a fundamental role in
physiological phenomena, but their excessive or imbalanced
production plays a vital role in disease pathogenesis. Oxida-
tive stress has been distinguished as a connection between
inflammation and nutrient metabolism during the phase of
transition [37].

Numerous investigations have revealed the close rela-
tionship between fertility disorders and NEB [41–44]. A
large number of locomotive problems increase the duration
of NEB in transition cows [45]. Essential drivers and the
confounding components which add to the advancement
of metabolic diseases are complex and differ impressively
from farm to farm. These variables are identified as feeding
regimes and convoluted by different administration prob-
lems. Regardless of the normal production of milk, a few
farms do well, while others fail notably in decreasing clinical
and subclinical issues. Vastly unique nourishment and exec-
utive programs produce great or poor success in correspond-
ing to metabolic problems [1].

3. Strategies to Alleviate Biological
Stress during the Transition Period

The transition period in cows is characterized by dietary,
hormonal, metabolic, and immunological variations, causing
various infections and metabolic illnesses. The continuous
NEB state in dairy cows during the transition period neces-
sitates higher energy intake than from ingested food [46]. It
reduces glucose levels in blood and the mobilization of bio-
logical reserves to supply extra energy, resulting in metabolic
imbalances and immune suppression [47–50]. Therefore,
improving the energy balance in the transition period of
dairy cows can significantly lower the prevalence of diseases
associated with this period. Several methods have been pro-
posed to achieve this purpose, including routine monitoring
of the health status of cows during pregnancy and lactation,
improving husbandry practices, nutritional supplementa-
tion, and optimal feeding. However, nutritional supplemen-
tation has received the most attention during last few years
[51, 52]. In the upcoming sections, we will describe the met-
abolic changes cows face during the transition period and
how nutritional supplementation can help minimize the
destructive effects of metabolic changes during this period.

Table 1: Compiled periparturient prevalence of metabolic
disorders from various published studies according to [18].

Diseases name
Median incidence

risk (%)
Range of incidence

risk (%)

Hypocalcemia 6.5 0.3-22

Metritis 10.1 2-37

Subclinical metritis 53 37-74

Lameness 7 1.8-30

Retained fetal membranes 8.6 1.3-39.2

Subclinical hypocalcemia 2.2 8-54

Clinical mastitis 14.2 1.7-54.6

Subclinical mastitis 30 15-60

Ketosis 4.8 1.3-18.3

Retained fetal membranes 8.6 1.3-39.2
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3.1. Metabolic and Physiological Adaptations from Gestation
to Lactation. Previous studies have extensively demonstrated
the traditional homeorhetic, physiological, and metabolic
adaptations that cows go through from late gestation to early
lactating [24, 53–55]. All these adaptations have been
summed up in the current review related to the consequent
fertilization period. Amidst the late gestation and primal lac-
tation, certain changes in the endocrine and neuroendocrine
system cause alteration in the nutrient segregation from fetal
maturation up until the milk synthesis [54]. During the non-
lactation period, the higher quantity of insulin and leptin is
associated with the balance of energy, in comparison to the
late lactating period [56]. These hormones are involved in
and are responsive towards energy storage inside the adipose
tissues. Fetal calf and placenta require more nutrients
throughout the last month of gestation [57]. It is necessary
for cows to provide their fetus with the required nutrients
through diet, though dry matter intake (DMI) should be
reduced up to 10-30% from the early nonlactating period
[58]. However, stressors and severely limited DMI can cause
NEB ahead of delivery; yet, the chances are much reduced as
compared to what happens following parturition. Near par-
turition, the release of growth hormone (GH) depends on
required nutrients [59]. In response to prepartum reduction
in insulin concentration, milk production, and GH mobi-
lized nutrients, fats storage primarily in adipose tissues is
affected [60]. Noticeable reduction in important hepatic
GH receptor (GHR-1A) causes acute reduction in the secre-
tion of insulin-like growth factor 1 (IGF-1). Consequently,
feedback suppression of the secretion of GH via IGF-1 is
prevented due to the uncoupling of somatotropic mecha-
nism, that maintains the elevated quantities of GH [60].

3.1.1. Lipid Metabolism. The prolific reduction in insulin and
increased GH directs the adipose tissues to mobilize the tri-
acylglycerols (TAG) reservoir. In adipocytes, repeated ester-
ification of NEFA is reduced because of the complete
inhibition of lipogenesis. The significant antilipolysis effect
on the fatty tissues get also that are removed due to the
reduced concentration of insulin. GH increases the sensibil-
ity and the response towards catecholamines present in the
fatty tissues, causing enhanced lipolysis of triacylglycerols
[24, 53, 61]. Additionally, several components including
interleukin-1 (IL-1), interleukin-6 (IL-6), and cytokines, i.e.,
tumor necrosis factor-alpha (TNFα) are secreted as a respon-
sive action to stress, infection, and trauma which increases
NEFA and TAG concentrations in the blood and heart
[62]. Thus, stress inducers and poor management of the
nutrients reduce DMI, enhancing the mobility of TAG and
NEFA instantly after calving. During NEB, upon restricted
glucose supply, ketogenesis is increased which causes ketosis
[53]. Excessive uptake of fatty acids, with their oxidation into
the ketone entities or CO2, gets reconverted to triacyl glycer-
ides. Ruminant animals cannot efficiently export hepatic tria-
cyl glycerides—low density lipoproteins which consequently
leads to the accumulation of fatty liver.

3.1.2. Glucose and Protein Metabolism. Dairy cows meet
their glucose demand by relying on propionate hepatic glu-

coneogenesis. After calving, limited DMI limits the availabil-
ity of propionate; therefore, increased conversion of amino
acids mainly, alanine and glutamine, and glycerol from
the diet or skeletal muscle and glycerol from mobilized adi-
pose TAG assists glucose synthesis. Increased gluconeogen-
esis in liver tissue around and after calving aids in the
sustainable supply of glucose to the mammary gland to pre-
vent hypoglycemia [24]. In dairy cows, the estimation of
plasma concentrations of 3-methyl-histidine during the first
week after calving related with prepartum values revealed
increased mobilization of limited proteins, reserved primar-
ily in the form of skeletal muscle protein [63]. Even before
calving or before the initiation of fat mobilization, loss of
muscle mass might begin [63]. Different disorders like keto-
sis and other periportal diseases which reduce fertility rate
are linked to the deficient stock of metabolizable proteins;
therefore, it is essential to maintain maternal protein
reserves for long-term health, productivity, and reproduc-
tion [25, 57, 61, 64],

3.1.3. Immune System Function. During the transition phase,
the ability of the immune system to encounter infectious chal-
lenges get suppressed, which likely increases the incidence rate
for environmental mastitis as well as the high incidence of
metritis, more specifically around calving [54, 65]. Retained
placenta has also been associated with failure of the immune
system to identify the placenta as a foreign tissue [66]. Reasons
for the declined immune functioning are not clear yet. Both
vitamins A and E, as well as trace minerals (selenium, copper,
zinc), boost immune functions. Cows show a significant
decline in body condition score (BCS) and high chances of
sickness when stressed either by nutrition or environmental
factors. Negative energy balances or an inadequate supply of
metabolizable protein could also be a serious contributing fac-
tor to impairment of the immune functions [54, 65, 67, 68]
found impaired and insufficient neutrophils content (reserve
glucose as fuel for neutrophil functions) with reduced glyco-
gen in early postpartum cows.

3.1.4. Calcium Metabolism. The calcium concentrations
abruptly drop in blood due to high demand required and
with sudden onset of milk synthesis at calving, leading to
milk fever. Subclinical hypocalcemia is more prevalent, with
over 40% of cows entering the second or higher lactation
getting affected [69]. This leads to disorders like displaced
abomasum and ketosis by decreasing smooth muscle func-
tion essential to normal function of the digestive tract
[70], reducing DMI, and also making animal immunocom-
promised [71]. Before the digestive tract improves the
required calcium absorption, calcium must be attained from
bone resorption. A negative dietary cation-anion difference
(DCAD) triggers metabolic acidosis to facilitate calcium
mobilization from bones, whereas a high potassium and
positive DCAD inhibit this mobilization [70, 72]. Mean-
while, magnesium is found to be regulating bone resorption
[70]. Nutritional intervention to start at least 14 days before
calving effectively prevents hypocalcemia [53].

DeGaris et al. [73] reported that the optimal consump-
tion of calcium in cows in diet before calving improved
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pregnancy rates in two of three commercial herds and cow’s
impregnation rates at 6 weeks and 21 weeks after the start of
the insemination period.

3.2. Nutrient-Gene-Metabolism Nexus Associated with
Metabolic Adaptation in Transition Cows. Under the same
circumstances and production level, variation in the accom-
plishment of adaptation early in lactation among cows
revealed that these modifications may possess a genetic base-
line [74, 75]. Different genes, metabolites, and main path-
ways in the plasma came to be earlier established that they
have critical role in controlling the endocrine and metabolic
adaptations in dairy cows [76, 77]. Nevertheless, these genes
and metabolic processes may express at a specific time in the
candidate [74]. For instance, a few genes which change the
glucose level may be expressed at the start of lactation and
a few others that change the affluence of NEFA, for instance,
are expressed 4 weeks before or after 13 weeks of calving.
Analyzing, pinpointing the genes, and regulating processes
are significant biological roles during particular physiologi-
cal conditions of dairy cattle that can assist in recognizing
the DNA variants that influence milk production and, con-
sequently, fertility [78].

The starting phase of lactation in dairy cows goes hand
in hand with increased milk production. These adaptations
are involved in metabolic regulation in peripheral tissues
(comprising adipose tissues, mammary gland, kidney, and
the skeleton muscles) and liver and are further involved in
movement of body reservoirs and hyper lipid metabolism
[79]. Mapping based on genes and identification of pathways
revealed that three processes (steroid hormone biosynthesis,
ether lipid metabolism, and glycerophospholipid metabo-
lism) cooperatively influence the amount of β-hydroxybuty-
ric acid, nonesterified fatty acids, and glucose in cows during
transition interval. The main genes presumed to control the
energy metabolism in different tissues include ACACA,
PPARA, FASN, PCK1, FBP2, ACSL1, FABP3, PPARGC1A,
AGPAT6, ACOX1, LPIN1, ACSL, CPT I, and CPT II [76,
80–84]. These genes influence the absorption of fatty acids
mostly in the liver and mammary glands, oxidation of mito-
chondrial and peroxisomal fatty acids in the liver, ketone
body metabolism, and cholesterol metabolism (in the liver)
during the early stages of lactation in dairy cattle [85]
(Figure 1). Therefore, alteration in the expression of these
genes results in metabolic disruption in transition intervals
in dairy cows.

For instance, ketosis is one of the primary metabolic dis-
eases during transition intervals in dairy cows. Zhou et al.
studied the changes in gene expression and genes linked
with ketosis in Holstein cows. The RNA-seq process was uti-
lized for analyzing the gene expression, from which a total of
27,233 genes were quantified with four billion premium
reads. Consequently, the researchers realized that 75, along
with four differentially expressed genes (DEGs) among sick
and control dairy cows at postpartum and prepartum, subse-
quently, show that sick and control cows possess the same
gene expression sequence at prepartum. However, there
were 95 DEGs among postpartum and prepartum sick cows,
which revealed depressed variations of the gene expression

in the transition interval compared to healthy cows (428
DEGs). Functional examination shows that DEGs linked
with ketosis were the fundamental reason for biological
stress response, ion homeostasis, amino acids metabolism,
energy signaling, and disease-related processes [86].

In another examination, Laguna et al. [87] examined the
expression of genes that encode for the enzymes and differ-
ent processes linked with the metabolism of lipids and
carbohydrates of 2 genetic classes of dairy cows in the tran-
sition phase. Examination of the expression of cytosolic
phosphoenolpyruvate carboxykinase (PEPCK-C), glucose-
6-phosphatase (G6PC), β-hydroxybutyrate dehydrogenase-
2 (BDH2), methylmalonyl-CoA mutase (MUT), carnitine
palmitoyltransferase-2 (CPT2), acetyl-CoA carboxylase
(ACC), glucose transporter-2 (SLC2A2), 3-hydroxy-3-meth-
ylglutaryl-CoA reductase (HMGCR), and the transcription
factor peroxisome proliferator-activated receptor α (PPARA)
was directed, and a comparison was established between
Holstein and F1 Holstein-Gir cows. The results revealed that
the expression of PEPCK-C, G6PC, ACC, BDH2, CPT2,
SLC2A2, HMGCR, and PPARA genes was not different
among the genetic group excluding the PEPCK-C. Further-
more, no association between genetic groups and the exper-
imental period was examined. In both dairy cows, PEPCK-C
and G6PC gene expression was not prominent and
decreased compared to the gene expression with 21 and 36
DIM and increased in d 51 postpartum. The expression of
MUT was not the same among 2 studied groups and showed
a noticeable increase after d 36 postpartum, whereas mRNA
level of HMGCR likely to increase when compared d 21 and
36 to d 51 postpartum. The expression ofMUT gene was not
the same among 2 studied groups and showed a notable
increase after d 36 postpartum, whereas mRNA level of
HMGCR was likely to increase when compared d 21 and
36 to d 51 postpartum. Moreover, glucose levels were also
not the same between the two groups and were sufficiently
higher in the plasma of F1 Holstein-Gir cows compared to
Holstein cows. However, no significant difference in glucose
level was observed within each group during the analysis
period. β-Hydroxybutyrate and NEFA concentrations were
not different in both genetic groups but showed a high level
from prepartum to d 6 and 21 postpartum [87]. The altered
expressions of these different genes in liver are linked with
metabolic stress in transition dairy cows.

3.3. Nutritional Interventions to Modify Gene
Expression during the Transition Period

3.3.1. Nutritional Supplementation.Nutritional interventions
for dairy cows during the transition period are primarily
intended to ameliorate the effects of metabolic changes indi-
cated above. Many nutrients have been reported to induce
metabolic adaptations and regulate NEB by controlling the
expression of many genes in different signaling pathways
(Table 2) (Figure 2). The most significant effects have been
observed by polyunsaturated fatty acids (PUFAs). Mammals
can produce all types of fatty acids necessary to carry out
normal physiologic functions, excluding PUFAs, especially
from omega-3 and omega-6 families known as essential
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fatty acids. During the transition phase in cows, the concen-
tration of PUFA lessens sufficiently in every part of the
body compared to the mid-lactation cows [36, 88], whereas

the proportion of different saturated fatty acids (SFAs) is
elevated. The fundamental source of omega-3 fatty acids
in ruminants is forage, specifically for grazing cattle, as a

Fatty acid absorption

Cholesterol synthesis

Ketone synthesis

Fatty acid oxidation in
Peroxisome and mitochondria

Liver
Mammary glands

Involvement of various genes in fatty acid metabolism

Figure 1: Phenotypic effects of various genes involved in fatty acid metabolism.

Table 2: Regulation altered gene expression through nutrients in transition cows.

Nutrients Effect on gene expression regulation and on various traits References

Rumen protected
methionine (RPM)

Enhance the expression of ABCG2 and GHR genes during lactation
Improved milk production and butterfat content

[93, 94]

Rumen protected choline
(RPC)

(1) Regulate the expression of genes for acetylcholine and acetylcholine receptor
(2) Enhanced the expression of FA transport protein 5 and carnitine transporter SLC22A5

in the liver
(3) Reduce lipolysis of adipose tissues, thereby treats fatty liver

[95, 96]

Calcium supplementation
Treatment of hypocalcaemia, improving leukocyte function, improvement in

impregnation and pregnancy rates, and management of transition period related stress
[73, 97,
98]

Yeast supplements
Regulate the expression of inflammation-related genes in dairy cows during transition period.

Increase DMI content through increasing availability of fiber content
[99–101]

Polyunsaturated fatty
acids (PUFAs)

Control the altered expression of many key genes (TLR2, PPAR) and transcription factors
(NF-κB) implicated in metabolic stress

Also exerts immune modulation effects to control inflammatory processes
[96, 102]

n-3 PUFA
Inhibit the expression of adhesion molecules involved in inflammation

Essential for the central nervous system (CNS) and reproductive system development and thereby
improves embry survival

[95,
103–105]

n-6 PUFA
Enhance mRNA levels of estrogen receptor 1 and oxytocin receptor and decrease insulin growth

factor levels
[106]

Conjugated linolenic acid
Upregulate the transcription of many genes, including insulin signaling, TLR4, inflammatory

cytokines, and protein kinases for metabolic adaptation
[107]

Long chain fatty acids
(LCFAs)

Improvement in adjusting to the transition period stress and milk and milk fat yield [108]

6 BioMed Research International



RE
TR
AC
TE
D

huge amount of alpha α-linolenic acid (ALA) is found in
forage galactolipids. A supplemental source of the n-3
PUFA in dairy cows’ diets includes docosahexaenoic acids
(DHA) and eicosapentaenoic (EPA) from fish oil and ALA
from flaxseed [89].

On the other hand, n-6 PUFA is present in various
other feeds, including sunflower, soybean, cottonseeds, and
corn, and their ingestion increases sufficiently during and
after calving. Supplementing requisite PUFAs (as rumen-
protected mainly) directly influences the immune cells by
modulating the expression of various transcription factors
exerting pro- or anti-inflammatory activities. All n-3 PUFAs
downregulate the expression of adhesion molecules intricate
in inflammatory interactions between leukocytes and endo-
thelial cells [90]. Linoleic acid and specifically its isomers
cis-9, trans-11 and trans-10, and cis-12 were linked with
peroxisome proliferation activated receptors (PPAR)-γ,
while long-chain n-3 (EPA and DHA) was linked with
toll-like receptors- (TLRs-) 2 and 4, PPARs, and sterol reac-
tion element-binding protein family [91, 92]. All these genes
play a major role in controlling NF-κB that orchestrates the
synthesis of proinflammatory cytokines in both immune
and nonimmune cells. The absence of n-3 and n-6 PUFAs
in the postpartum interval can cause uncontrolled inflam-
mation. Besides fatty acids, other vital nutrients profoundly
impact cow’s health, productivity, and reproduction. An
extended list of nutrients and their effects is shown in
Table 1 and Figure 2.

3.3.2. Nutrients as Metabolic Modifiers

(1) Water. The nutrient that has the primary daily require-
ment for most life forms is water, and it is 56-81% of BW.
Milk contains 85-88% water. For milk production, water is
predicted to be 4 : 1 (water: milk) by McCandless and Gaess-
ler (1919). Water required for 1 kg of milk is 2.0-2.7 kg [109].
Loss of water in the body occurs through urine, faeces,
sweating, and expiration. The quality of water is defined by
many aspects such as organoleptic qualities, physicochemi-
cal properties, mineral content, and presence of toxic chemi-
cals and bacteria [109].

As environmental temperature increases, intake of water
also increases [110]. Water helps to conserve body tempera-
ture via evaporation. Dairy farms situated in the hot areas
have fitted cooling systems that use the mechanism of evap-
orative cooling to maintain the cow’s core body temperature.
Water deprivation is more deadly than starvation. Rumen
water kinetics was integrated to demonstrate rumen VFA
kinetics [111]. Rumen osmolality increases after feeding.
Water from the body moves into the rumen to decrease
the osmotic pressure of the rumen. The passage rate of water
and feed particles increases with the rumen’s osmolality.
Buffering effect of bicarbonate salts is less due to less time
spent in the rumen.

Due to the strong positive relationship between water
and solid feed intake, greater water intake can lead to greater
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Figure 2: Effects of different nutritional elements on dairy cows’ health, productivity, and reproductive ability. In the figure, the effects of
individual nutritional compounds are shown. In reality, each compound can affect several organs and physiological functions. Moreover,
each trait can be shared by various compounds.
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feed consumption, rumen stability, and regulation of rumen
pH. A recent study showed the positive effect of drinking
warm water on rumen functionality in beef cattle [112].
Drinking warm water reduced the time during which the
ruminal pH was below pH5.8 or 5.5, and the time during
which the temperature was lower than 37 or 39°C. It has
been reported that the rumen temperature and pH are corre-
lated with the gene expression in ruman epithelium (RE).
Rumen acidosis caused by low pH in rumen might alter
the expression of genes and cytokine expression in RE
[113]. Water helps to maintain the rumen pH so that it
can act to modify the expression of genes and cytokine con-
centration in RE. Thus, water is an essential metabolic mod-
ifier in transition dairy cows.

(2) Protein and Amino Acids. In a dairy ration, the costliest
ingredient is protein supplements. For an ideal economy,
the effective use of protein supplements must also consider
the utilization of this important nutrient by bacterial com-
munities present in an animal. Virtanen was presented
Nobel Prize on his development of a fodder preservation
method. Later, he verified that cows could produce in a sin-
gle lactation 4,200 kg of milk on a protein free ration [114].

Proteins are made up of 20 amino acids (AAs) for
maintenance and production. Out of 20 AAs, ten are non-
essential (NEAA), and ten are essential amino acids (EAA).
NEAA are those which body can synthesize on its own,
while (EAA) are those that the body cannot synthesize
and must be provided in the feed to meet the body’s
requirement.

Protein in meals from the whole oilseeds is soluble in
the rumen. Ruminal bacteria degrade the protein to ammo-
nia, which gets assimilated into microbial protein. Microbial
protein is highly digestible, but a net loss of nitrogen occurs
from them. Rumen degradation decreases, and rumen
bypass increases of oilseed meals and whole oilseeds by heat
and chemical methods [115–117]. The extent of rumen
bypass and total tract digestibility depends on the tempera-
ture and total time when supplements are exposed. Due to
overheating of meals and seeds, a reaction occurs between
reducing sugars and AAs, resulting in decreased protein
degradation in the rumen and digestibility in the small
intestine. This whole reaction is called the Maillard reaction.
Cows fed recombinant bST and rumen-bypass protein that
have increased milk yield [118]. Rumen cellulolytic bacteria
cellulolytic require ammonia which they degrade to produce
essential proteins for their growth. The more fermentable
energy, the more the growth rate of rumen bacteria. Satter
and Slyter [119] studied that when ammonia concentration
exceeds 5mg/100mL, ammonia overflow occurs from con-
tinuous cultures. Satter and Roffler [120] studied that when
NPN sources are added to the ration beyond 12 to 13% of
CP, milk production does not increase. These experiments
started a discussion among nutritionists, and new ideas
were evolved on how to create rumen bypass protein sup-
plements [120, 121]. Chalupa [122] studied that protein
from the ration must escape rumen degradation and reach
the small intestine for increased milk production. Applying

heat to protein meals and whole seeds increases rumen
undegradable protein [123].

Rumen bacteria destroy the trypsin inhibitor and other
compounds that are present in the whole soybeans. Soy-
beans should be processed to destroy these compounds
when given to young calves to avoid these. Reddy et al.
[124] fed calves from birth to 10 weeks of age. The whole
soybeans were heated at a temperature 99 to 163°C. And
they found that the most significant gain occurred when soy-
beans were roasted at 143 to 146°C for 30min. Protein meals
treated with formaldehyde had increased rumen bypass pro-
tein [125] but milk production was notably lacking in most
experiments. Formaldehyde is cancer-causing in nature.
The FDA prohibited feeding formaldehyde-treated feeds to
livestock.

The most limiting essential amino acids in dairy cows
are lysine and methionine. Two conditions must be consid-
ered: grams of absorbable AA per 100 g and Lys: Met ratio.
Lysine comprises of 16.3 of lean tissue and 16.0 of milk pro-
teins, while Met 5.1 of lean tissue and 5.5 of milk proteins
[109]. The lysine requirement for maximum use by tissue
is 7.2 g/100 g and for Met is 3.2 g/100 g of absorbed AA
[109]. Methionine has a half-life of almost 2.4 h [126]. Sup-
plementation of methionine increased milk protein and
weight of milk protein [127]. Vyas and Erdman [128] deter-
mined that when both Lys and Met approached require-
ments, the marginal efficiency of use Lys and Met decreased.

From nutrigenomic perspective, EAA are reported to
increase milk yield and milk protein synthesis via regulation
of different genes. Methionine supplementation is shown to
be associated with high milk yield via increased expression
of β-case in [129]. Valine, leucine, and histidine are also
reported to increase the milk yield in dairy cows via increase
in casein and β-casein mRNA abundance [129, 130].
Enhanced methionine supplementation during the peripar-
turient period is reported to increase dry matter intake and
milk yield in dairy cows. Liang et al. studied the nutrigenomic
potential of methionine supplementation in Holstein cows
during their periparturient period [131]. They reported that
enhanced methionine supply led to greater overall mRNA
abundance of Gln (SLC38A1), small zwitterionic α-AA
(SLC36A1), Glu (SLC1A1), and neutral AA (SLC1A5) trans-
porters. Moreover, abundance of AKT1, RPS6KB1, and
EIF4EBP1 was also upregulated in response to methionine.
Furthermore, the increased supply of methionine upregu-
lated the expression of peroxisome proliferator-activated
receptor-gamma, mTOR, and fatty acid synthase.

During the transition period, dairy cows experience
inflammation and oxidative stress. Methionine supply can
profoundly alter these biological processes in transition
dairy cows via fine-tuning of oxidative stress-related genes,
inflammatory cytokines, improved liver function, and gluta-
thione metabolism. Methionine is also studied to upregulate
PPARα through DNA methylation during the transition
period in cows and is considered a suitable mechanism to
explain consistent improvement in the performance of a
dairy cow [132]. Arginine and glutamine are also known to
mediate metabolic stress via modulation of PPARs [84]. In
addition, plasma levels of cysteine are reported to decrease
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around parturition in dairy cows, and studies suggested that
cysteine supply helps lower the oxidative stress and expres-
sion of proinflammatory cytokines, which are hallmarks of
stressful conditions in cows [133]. Hence, amino acids and
proteins have much nutrigenomic potential and can be uti-
lized as metabolic modifiers in transition dairy cows.

(3) Lipids. Lipids contain fatty acids that are absorbed in the
small intestine and then enter the lymphatic system where
they are transported to the liver. An enzyme lipase acts on
the lipids and releases glycerol and fatty acids which are then
used by tissues as an energy source even by the brain, in
severe NEB. In the tissues, fatty acids are hydrolyzed to 2-
and 4-carbon and enter the Krebs cycle to produce ATP. It
may result in ketosis if excessive oxidation occurs. Fatty liver
may result from incomplete utilization of fatty acids. In a
positive energy balance, adipose tissue absorbs the acetate
and butyrate and converts into storage form as triglyceride.
Among fatty acids, the main source of energy for the cows
are long-chain fatty acids. These fatty acids are given to the
cows via oil seeds, animal-vegetable blends, or ruminal inert
fat. In the rumen, the unsaturated fatty acids are converted
into C18:0 and C18:1. Rate of fermentation and extent of fer-
mentation decrease by unsaturated fatty acids. When given
dietary fat, it was found that the milk response was curvilin-
ear with 16% of ME from fat equals to 600 to 700 g or 3%
added fat. Forages and grain contain an average of 3 to 4%
fat. One should remember that the diet’s total fat should
not exceed 7% of total DM [134]. Fatty acids that are long
chained and unsaturated are toxic to rumen bacteria. To
overcome this effect, biohydrogenation of UFA is done. To
avoid the increase of fat solubility in the rumen, rumen-
protected fats are used, e.g., calcium soaps and amides.

Sutton [135] gave an intriguing tale from Eckles at the
University of Missouri, who kept in touch with Powell in
1927: “as far as anyone is concerned, this or some other
investigation in the nation has not as of late directed exper-
iments to decide whether feed would influence the composi-
tion of milk. It is looked on as a very unsettled inquiry.”
Powell [136] later gave proof that actual qualities of rough-
age, did truth be told, influence rumen fermentation with a
significant impact on milk fat percent. That trait of forage
was depicted as “physically effective fiber.” Chewing, saliva
secretion, and rumen pH are affected by this forage qual-
ity [137].

In another study, the impact of diet on intermediary
metabolism and fat content of milk was surveyed. The fol-
lowing three hypotheses were examined: (1) decreased ace-
tate production in the rumen, (2) insufficiency of BHB in
the mammary gland, and (3) endocrine variables. Amount
of forage, forage: concentrate ratio, carbohydrate fractions
of the concentrate, lipids, and meal frequency were found
to be the variables influencing milk fat composition [135].
Beitz and Davis [138] compared 3 diets for milk fat: (1) con-
trol diet, (2) high grain ration, and (3) diet containing cod
liver oil. The reseachers found that the grain intake and milk
fat quantity differed between the three groups. Milk fat per-
cent averaged 3.21, 2.16, and 1.77 for the 3 rations, respec-

tively. High-grain diet had increased rumen propionate.
Fish oil and high-grain diets had lower milk fatty acids,
and all double bonds stated were in the cis position. Earlier,
Davis and Brown [139] and later Bauman et al. [140] also
observed that an increase in trans 18 : 1 in milk fat was asso-
ciated with decreased milk fat percent.

Increased C18:1, C18:2, and C18:3 in milk are due to oil
from plant sources. Unsaturated fats of the plant have dou-
ble bonds in the cis position at each 3-carbon unit starting
at carbon-9 from the C end. Fish and plant oils cause a sig-
nificant decrease in milk fat % and change the fatty acid
composition of milk fat [141]. The substance of C20:5n-3
and C22:6n-3 is improved by fish oil [142, 143].

Unsaturated fats are harmful to rumen bacteria. Rumen
bacteria utilize metabolic hydrogen to detoxify UFA. This
effect by bacteria to UFA results in an increment of milk
fat [144]. Cows fed with an animal-vegetable blend of fat,
coconut oil, safflower oil, flaxseed, and monensin in a diet
had increased trans C18:1 [145, 146]. Medium-chain fatty
acids were decreased in all diets. Total protozoal numbers
and ruminal NDF digestion were decreased in a coconut
oil feed [146]. Fatty acids less than C16 were reduced, and
trans C18:1 and trans-10 and cis-12 CLA in milk fat were
increased when monensin was fed [147]. Cows fed with
low fiber and unsaturated fat had lower milk fat % and milk
yield, around 30% and 35% as compared to high forage
ration and saturated fat [148]. Cows showed increased
trans-10 C18 UFA in milk and decreased milk and fat yields
when fed with low fiber and unsaturated fat compared to
high forage rations. Baumgard et al. [149] recognized
trans-10, and cis-12 isomer is produced in rumen and a
potent inhibitor of de novo milk fat synthesis. Two isomers
that also inhibit milk fat synthesis are cis-10, trans-12 and
trans-9, and cis-11, and these are CLA isomers.

Supplementing fat to increase the energy or caloric den-
sity in the diet of lactating dairy cows has a long history.
Dietary long-chain fatty acids (LCFA) have prominent
nutrigenomic effects on several components of different
organs in dairy cows during their transition period. In an
in vivo study, the supplementation of saturated lipids to
dairy cows showed higher expression of lipogenic genes in
mammary tissue resulting in higher milk yield [150]. In
another study, greater expression of lipogenic genes was
observed in mid-lactation dairy cows when they were sup-
plemented with a mixture of oil [151]. However, the nutri-
genomic effects of saturated LCFA were not prominent. In
contrast, in a recent experiment, Schmitt et al. observed
the increased expression of nuclear receptor coactivators,
lipogenic genes, and related transcription factors when cows
were supplemented with high saturated LCFA diet for 30
days [152]. Furthermore, in the same experiment, Akbar
et al. investigated the hepatic expression, and the results
uncovered the strong nutrigenomic effect of saturated LCFA
supplementation prepartum and larger nutrigenomic effect
of fish oil supplementation postpartum [153]. Interestingly,
overall supplementation of lipid diet resulted in low expres-
sion of CPT1A, FGF21, and ACOX1 but the expression of
PPARα is reported to be upregulated by lipid diet. This data
seems to indicate that supplementation of lipids might be
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advantageous in liver prepartum which can further manage
the metabolic stress in transition dairy cows.

Among the short-chain fatty acids (SCFA), butyrate
exerts nutrigenomic effects in dairy cows. Butyrate is
reported to induce an immune response and cell cycle arrest
in dairy cows and goats [154]. The nutrigenomic effects of
butyrate are evident in ruminal papillae of dairy cows by
modulating the expression of genes related to lipogenesis
and glycolysis [155]. The effects of propionate are also
observed on free fatty acid receptor 3 (FFAR3) in transition
dairy cows. Lemor et al. have studied the effects of propio-
nate, and they reported the increased expression of FFAR3
and adiponectin genes from pregnancy to lactation in bovine
adipose tissue which can regulate the lipid metabolism,
energy expenditure, and insulin sensitivity [156].

Recent studies in cows and rodents have shown the
importance of lipids in regulating gene expression in
mammary tissues and the liver. For example, dietary lipids
regulate lipogenesis through interaction with several tran-
scription factors, including PPARs and sterol-regulatory
element binding protein (SREBP) [157, 158]. Polyunsatu-
rated fatty acids (PUFA) are the main FA that act at the
level of nucleus in connection with these transcription fac-
tors to regulate the expression of different lipogenic genes.
PUFA reduces SREBP-1a and 1c by accelerating the decay
of SREBP-1c mRNA, therefore lowering their hepatic con-
tent to regulate lipid metabolism and FA oxidation [159].
PUFA and eicosanoids are also shown to bind directly
with PPARa, controlling gene expression and metabolic
networks to enhance milk yield. Thus, insight into the
nutrigenomic potential of lipids highlighted their impor-
tance as metabolic modifiers in transition dairy cows.

(4) Minerals. Minerals and micronutrients are considered to
fulfill various functions such as regulating body water bal-
ance, building bones, immunomodulation, and influencing
muscle functions for optimal functioning of dairy animals
and acquisition of their products [160]. In particular, the
ability of minerals to regulate the expression of gene prod-
ucts through modulation of transcription and translation is
now being recognized. The deficiency of certain nutrients
is evident in dairy cows during their transition period. Bone
contains 98% of total body calcium, and the other 2% is
extracellular fluid. The concentration of calcium in the blood
is around 9 to 10mg/100mL, and it is regulated by a hor-
mone called parathyroid hormone (PTH). Release of PTH
depends upon the blood calcium level. When calcium in
the blood is low, PTH release increases the mobilization of
Ca from bone to maintain the concentration to calcium to
normal. 1,25-Dihydroxycholecalciferols regulate calcium
absorption, and it is derived from vitamin D. Bones become
less responsive to calcium release with age. As blood calcium
declines, cows become subclinical, partial, or full paralysis
with recumbency occurs at a calcium level of ≤5 to 6mg/
100mL. With the increase in calving and low calcium levels,
the risk of parturient paresis (milk fever) increases. Minerals
have been identified to reduce the severity of parturient
paresis when supplemented to transition cows in their diet
[161]. These include the amount and ratio of Ca and P,

administration of vitamin D per os or by injection, and
manipulating alkalinity in diets.

Magnesium oxide (MgO) is a source of elemental mag-
nesium (Mg), and it is absorbed by ruminal epithelium.
Particle size MgO affects the rate of solubility in rumen
[162]. Rumen fluid solubility ranges from 25 to 75% in a
pH of 5.5 to 6.5 [163]. When pH increases beyond 6.5,
the solubility of ruminal fluid decreases. Mg absorption
(% of intake) is about 26% but it ranges from 9.9 to
73.9%. Forages are rich in potassium (K), and K decreases
the Mg absorption; so, with forages, the high Mg concen-
tration must be also be given to an animal. Grass tetany
occurs in the spring in cows by grazing on rapidly grow-
ing grass with a high K concentration [164]. Lactating
cows fed with a positive dietary cation-anion difference
(DCAD) rations have increased DMI and milk fat in a
curvilinear response [165]. Magnesium has numerous roles
in the immune system functioning that can exert nutrige-
nomic effect in dairy cows. In experimental animals, Mg
deficiency is correlated with altered proinflammatory status
in which systemic IL-6 increases and increase in correlates
of oxidative stress. In a trial, dietary Mg supplementation
improves the metabolic profile by regulating the metabolic
and inflammatory biomarkers, including decreased C-
peptide concentrations, TNF-α concentration, and increased
calcium and leptin levels. Moreover, certain genes linked to
metabolic and inflammatory pathways, including C1q and
tumor necrosis factor-related protein 9 (C1QTNF9), were
downregulated [166]. Mg has been also shown to interact
with miRNA machinery. Mg interacts with RNA-induced
silencing complex (RISC) being an Mg2+-dependent protein
and involved in binding of specific miRNAs to argonaute
protein for cleavage of miRNA targets to control the gene
expression. Therefore, Mg supplementation can improve
the miRNA profile in dairy cows during their dry-off period
for metabolic adaptation.

Many feedstuffs are deficient in selenium because the
soils are low in selenium. One of the diseases due to defi-
ciency of selenium in sheep is white muscle disease. Selenium
is a cofactor of the enzyme glutathione peroxidase [167].
According to FDA, diets should be supplemented with sele-
nium with a concentration up to 0.3mg/kg [109]. Selenium
deficiency in diet is associated with oxidative stress and auto-
immunity [168]. Oxidative stress and autoimmunity are the
hallmarks of disease conditions in transition dairy cows. In
cows, the roles of selenium include participation in the cattle
farms’ antioxidant defense. Selenium supplementation may
reduce the incidence of metritis and ovarian cysts during
the postpartum period. Selenium has been reported to regu-
late the levels of proinflammatory cytokines and burden of
free radicals in the body by downregulating the expression
of IL-6, TNF-α and NFkB at the RNA level [169]. Further-
more, dietary supplementation of selenium can also poten-
tially affect thyroid hormone metabolism and redox-active
proteins to improve the immune response of dairy cows
[170]. In rodents, selenium-enriched probiotics have also
been reported to improve lipid metabolism, histopathological
lesions, and antioxidative status via upregulation of PPARα
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[171]. In this context, dietary supplementation of minerals or
trace elements can be good for metabolic modification in
transition dairy cows.

3.4. Nutrigenomic Perspectives: Challenges and Opportunities.
The notion that dietary elements interact with the cellular
environments at the molecular level to alter biological activ-
ities has transformed nutritional science [172]. Nutrients, in
such respect, are more than simply cellular fuel and build-
ing blocks; they are also molecular messages sensed by the
sensors of cells that cause a shift in the biology of cells;
hence, nutritional components are active biomolecular com-
pounds [173]. Dietary components can also have nutrige-
nomic impacts without bioactive, such as dietary calorie
restriction [174]. It is possible to fine-tune an organism’s diet
since dietary substances can interact with the genome, espe-
cially transcription regulators. Such methods have paved a
path for developing a relatively recent area of science called
nutrigenomics, which is defined as studying the effect of nutri-
ents on gene expression in an organism [175]. In the ever-
changing world of nutrition science of animals, nutrigenomics
research aids in understanding how nutrient-gene interaction
occurs that ultimately affects productivity and reproduction.
The use of nutrigenomics in the animal nutrition provides
many benefits, including improved animal productivity, fertil-
ity, feed efficiency, and immune functions. Transcriptomics
and metabolomics are two potential nutrigenomic tools for
understanding the molecular processes occurring in a genome
obtaining nutritional cues and reacting to them via unique
metabolic reactions in an organism. The nutritional require-
ments for an organism’s upkeep and growth vary depending
on its genetic variability, allowing nutrigenomic-based selec-
tion to be used to produce animals with superior traits for
improved feed efficiency. It is especially important during
the transition period and in the first few months of lactation
as animals in this time period are more vulnerable to nutri-
tional deficiencies [176]. We have highlighted a number of
nutritional intervention strategies that can improve the perfor-
mance and productivity of dairy cattle during the transition
period. One example of such of a nutrient is LCFA, the pres-
ence of which in the diet induces the expression of genes in
the mammary gland that induces higher production of milk
and milk fats in lactating cows and improves the management
of stress during the transition period [108].

Though the research in nutrigenomics in animal nutri-
tion has interesting potential implications in promoting ani-
mal well-being and productivity, this research area requires
an extensive amount of research. Each animal specie con-
tains around thirty thousand to forty thousand genes, and
their interaction with innumerable metabolites or nutri-
tional elements cannot be ascertained within a short period
of time and with limited resources. Though the sequencing
techniques related to omics have improved over the years, it
is still not feasible to find interaction of every known metab-
olite with each gene in a particular species [176, 177].
Future research in the development of more cost-effective
and robust omics approaches is required to integrate nutri-
genomics research to promote animal health and their pro-
ductivity. Moreover, most of the nutrigenomic research

been done on the beneficial effects of nutrients on animals’
health. The nutrients’ toxic and potentially detrimental
effects should also be investigated in detail. A detailed inves-
tigation of the nutrigenomic effects of the nutrients will help
farmers formulate better feed formulations and curtail the
use of antibiotics, the resistance against which is becoming
an alarming situation around the world [178, 179].

4. Conclusions

The transitional period can be challenging for farmers and
cattle alike. To sustain health of animals and attain projected
production results, a smooth transition from late pregnancy
to early lactation is required. In the transition period, imple-
menting optimum management methods for dairy cows can
significantly enhance their metabolic and immunological
health, leading to increased cow wellbeing, health, and pro-
ductivity. The scientific data support the usage of nutritional
supplements in the periparturient period to improve meta-
bolic and immunological responses while also reducing the
production of biochemical signals that cause inflammation,
immune dysfunction, and metabolic adaption impairments.
The nutritional research from dairy cattle generally demon-
strates that the existing approaches for developing diets for
dairy cattle are blind regarding the nutrigenomic impacts
of dietary components, which, by modifying the animal’s
metabolism, are expected to modify its various metabolic
pathways. The knowledge acquired from nutrigenomics
research can better understand the genes and biochemical
pathways influenced by dietary components and the impact
such nutritional supplementation can have on the modula-
tion of these molecular species. It is expected that the inclu-
sion of nutrigenomics research in the diet formulation of
dairy cows during metabolically challenging times like the
transition period can help in planning more rational dietary
plans that produce optimal results. Thus far, the potential of
nutrigenomic research appears promising; nevertheless, the
operational applicability of nutrigenomics in animal nutri-
tion has not been implemented as of now. This is partially
due to the intricacy of the biological systems under study
and the further need to improve the technologies used for
studying them. For this reason, we do not believe that prac-
tical nutrigenomic-based dietary formulations will be acces-
sible very soon. More fundamental research is required
before valuable applications may be developed.
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Mycobacterium bovis (M. bovis) being the main cause of animal tuberculosis is a complex infectious agent and can be a cause of
zoonotic tuberculosis zoonosis in public health. To date, the uncommon infection in public health due to M. bovis still is a great
challenge to both veterinary and medical professions and requires a careful diagnosis and confirmation of the bacterium.
Therefore, this study for the first time reports the clinical, gross, histopathological, and molecular based confirmation of M.
bovis infection in wildlife animals (nilgai). Prior to death, the morbid animal showed severe pneumonic ailments like moist
cough, thick nasal exudates, and dyspnoea. At necropsy, enlargement of mandibular cervical and mesenteric lymph nodes was
observed. Different macroscopic lesions such as congestion and hyperaemia, creamy white and catarrhal exudates in trachea,
consolidation, grey and red hepatisation of lungs, and micro- and macrogranulomatous tubercles containing caseous materials
in lungs were observed. The heart of morbid animal showed congestions, myocarditis, and a copious amount of straw-colored
fluid in the pericardial sac. At the microscopic level, lungs indicated granulomatous inflammatory response, presence of
multinucleated giant cells, fibrosis, and punctuation of alveoli with chronic inflammatory cells. Histopathological examination
of various sections of the heart of the infected animal showed chronic inflammatory response consisting of chronic
inflammatory cells like monocyte, lymphocytes, and fibroblasts along with noncalcified eosinophilic materials. At the molecular
level, M. bovis infection was confirmed in various tissues like the heart, lungs, cervical, and mesenteric lymph nodes in morbid
animals. In conclusion, based on our results, it can be suggested that more molecular based epidemiological studies are crucial
to know the exact cause of pulmonary and cervical tuberculosis in wild animals.
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1. Introduction

The majority of newly emerging human diseases are caused
by zoonotic diseases. Furthermore, 71% of newly emerging
diseases are either derived from wildlife or have an epidemi-
ologically significant animal host [1]. Many of the diseases
that infect domestic animals can also infect wild animals,
and transmission between domestic animals and wildlife
can occur in both directions. The primary occurrence, how-
ever, was frequently the spread of disease from domestic ani-
mals to wildlife. Mycobacterium bovis, the causal agent of
tuberculosis in cattle and most other mammals, wild or
domestic, is one such pathogen [2]. Importantly, it has a
wide spectrum of hosts including humans [3].

Mycobacterium tuberculosis of the family Mycobacteria-
ceae is Gram-positive and rod-shaped and causes tuberculo-
sis in mammals.Mycobacterium bovis (bovine tuberculosis),
M. caprae (caprine tuberculosis), M. pinnipedii, M. orygis,
and M. microti are reported in animals [4]. Mycobacterium
caprae, M. pinnipedii, and M. orygis are classified as subspe-
cies of M. bovis. Two other organisms, M. tuberculosis and
M. africanum, are found in humans but infect animals infre-
quently [4]. A few countries (for example, Australia, Iceland,
Greenland, Singapore, several European countries, and
Israel) are completely free ofM. bovis, although infected cat-
tle herds are now rare in Europe, Canada, United States,
New Zealand, and other countries.

The majority of data on zoonotic mycobacteria trans-
mission is evidenced by investigations on M. bovis [4].
Depending on the areas, where it has localized, the causal
organism may be identified in respiratory secretions, exu-
dates/secretions from lesions (e.g., draining lymph nodes,
certain skin lesions), urine, feces, milk, vaginal discharge,
and semen. Mycobacterium bovis is more likely to be trans-
ferred when the respiratory system gets infected and during
the late stages of the disease with widespread lesions [4]. The
extent to which an infected host brings itself or its excretions
into close contact with other vulnerable hosts, including
members of the same species, is determined by host ecology
and behaviour [5].

Prevalence alludes not only to the quantity of diseased
animals in a given community but also to their geographic
and temporal distribution [5]. Multiple species are epidemi-
ologically linked in several countries with suspected or con-
firmed M. bovis wildlife animals, which may involve
multiple hosts and different transmission routes [6]. In Paki-
stan, different species of livestock animals including large
ruminants (camel, cattle, and buffaloes) and small ruminants
(sheep and goat) are particularly kept for milk and meat pur-
poses [7–10]. These animals are usually and mainly reared
under tropical and subtropical conditions in the country.
Epidemiological studies in Pakistan have reported the prev-
alence of contagious and zoonotic bacteria [11–17], parasites
[18], and viral diseases [19]. Among various zoonotic dis-
eases, tuberculosis due to M. bovis is a fatal problem for
dairy and wild animals [20–22]. Mycobacterium bovis infec-
tion causes huge economic losses in terms of reduced milk
yield, increased cost of treatment and control strategies, cul-

ling of infected animals, and limiting the international trade
of dairy animals and their products [23].

Studies have indicated that in several developing coun-
tries, M. bovis acts as an endemic threat [24, 25] and has
been reported in free-ranging carnivores and wild animals
[26, 27]. Earlier studies have reported a 5.75% prevalence
of M. bovis infection in cattle and buffalo while 4% in
humans [28, 29]. Recently, in Pakistan, 5.88% of M. bovis
infection has been recorded in different districts of Pakh-
tunkhwa [23]. Higher prevalence of M. bovis infection in
buffaloes (8.48%) reared at various livestock farms [30] and
in cattle (11.71%) of different private farms has been
recorded [31]. Several studies in Pakistan have determined
an increased prevalence M. bovis infection such as 12.72%
[32], 11.3% [33], 10.6% [34], 7.47% [35], and 9.6% in dairy
animals [36]. A lower prevalence (2.2-3%) of M. bovis infec-
tion in buffaloes kept at different locations in Punjab has also
been documented [30, 37]. Previously, scanty information
could be found regarding the prevalence of bovine tubercu-
losis in different zoo animals including Bovidae and Cervi-
dae [38].

The exact mechanisms of spread and transmission of M.
bovis to wildlife animals still remain unclear. However, the
wild animals may get these infections directly via close con-
tact with scavengers or indirectly through contamination of
the environment or ingestion of infected products. Few
reports are available about bovine tuberculosis in wild ani-
mals kept at various zoological parks and different zoos in
Pakistan [19].

Tuberculosis is commonly diagnosed by isolating the
organism from the sputum, milk, feces, and other bodily
fluids [39]. Tuberculosis is commonly detected using direct
smear microscopy with the fluorescent acid-fast staining
technique and Ziehl-(ZN) Neelsen’s staining of clinical sam-
ples [39]. Although culturing on selective media provides a
confirmed Mycobacterium diagnosis, the main disadvantage
of this approach is the slow bacterial growth [40]. Using
polymerase chain reaction (PCR) amplification of the Myco-
bacterium DNA, it is possible to make a rapid diagnosis of
Mycobacterium from clinical samples. PCR is a more precise
and reliable method for rapid diagnosis, with substantially
higher sensitivity and specificity than bacterial culture [40].
It is necessary to comprehend the involvement of wildlife
in the epidemiology of M. bovis infection.

This study is aimed at studying necropsy lesions and his-
topathological findings of tuberculosis due toM. bovis in nil-
gai. Mycobacterium bovis detection was further confirmed
using PCR. Regular livestock and wildlife screening will help
prevent M. bovis transmission to other animals.

2. Materials and Methods

2.1. Ethical statement. The technical and ethical committee
constituted by the Department of Pathology, Faculty of Vet-
erinary and Animal Sciences, the Islamia University of Baha-
walpur, Pakistan, approved the protocol of the postmortem
study of nilgai.
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2.2. Study Location and Animals. The current study included
two animals that suddenly died at Bahawalpur Zoo, Punjab,
Pakistan. Both the animals were kept together under tropical
and subtropical environmental conditions. History from the
concerned veterinarian and curator of the zoo revealed that a
male nilgai become sick and exhibited different clinical signs
like anorexia, being reluctant to move, depression, dyspnea,
lethargy, disorientation, and coughing while the female died
without any signs of respiratory infections and exhibited
increased watery fluid from mouth and disorientation. These
animals were offered seasonal green fodder and grain
(0.5 kg) daily. In one case, the persistent cough was a prom-
inent clinical sign observed early in the morning and during
the late evening. In spite of extensive care, management
practices, and treatment therapy, the animals died. The nec-
ropsy was performed after half an hour of death to deter-
mine the possible cause of death.

2.3. Necropsy and Histopathological Investigation. Prior to
complete skinning and abdominal opening, the nilgai were
carefully observed for external lesions. The nilgai were quite
normal and had fair body conditions. At necropsy, the exter-
nal examination showed severe congested nasal passages and
thick nasal discharge before skinning in the male while
enlarged and swollen cervical and mandibular lymph nodes

in the female. After thorough and complete external obser-
vation, the dead animals were dissected and opened to know
any internal lesions.

2.4. Sample Collection and Histopathology Studies. The vis-
ceral organs showing abnormal lesions such as the lungs
and heart were removed and immediately fixed in 10% neu-
tral buffered formalin solutions for histological changes [10].
For histopathological observations, various tissues from the
lungs and heart were embedded in paraffin wax, and about
5μm-thick sections were stained with haematoxylin and
eosin (H&E) stains [41].

2.5. Genetic Analysis. For bacilli confirmation, different tis-
sue samples having lesions, e.g., the lungs, heart, mesenteric,
and cervical lymph nodes, were used for bacterial DNA
extraction and confirmation of suspected cause [42]. Geno-
mic DNA was extracted from samples using the GeneJET
Genomic DNA Extraction kit (Cat# K0721, Thermo Scien-
tific™, USA) following the manufacturer’s guidelines. The
gene-specific primer targeting the JB21 and JB22 genes
(sense JB21; 5′-TCGTCCGCTGATGCAAGTGC-3′, anti-
sense JB22; 5′-CGTCCGCTGACCTCAAGAAG-3′) was
used for the genomic amplification of M. bovis in samples
[43]. The PCR was performed in a thermocycler (Bio-Rad,

(a) (b)

(c) (d)

Figure 1: Photograph lungs of Nilgai showing (a) multifocal tubercles and red hepatisation, (b, c) cut sections exhibiting creamy white
exudates, and (d) severe emphysema in the lungs of nilgai that died from M. bovis infection.
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T100 Thermal Cycler, USA) using the master mixture (Cat #
0171, Invitrogen, USA). The PCR product was run on 1%
agarose gel for electrophoreses and visualized through the
Gel Documentation System (GelDoc Go System, Bio-Rad,
USA).

3. Results and Discussion

3.1. Disease Onset (Signs and Symptoms). In wildlife, partic-
ularly ungulates and free-ranging species, the diagnosis of
M. bovis infection mainly involves culturing of an infectious
microbial agent, postmortem lesions, and tissue studies [21].
It has been determined that wild animals can get the infec-
tion by preys or scavenged carcasses and disseminate the
infection to other animals. Therefore, continuous monitor-
ing and diagnosis of M. bovis are crucial to controlling its
spread in wildlife, domestic animals, and public health.
The morbid nilgai exhibited different nonspecific clinical
signs like cough, dyspnoea, and thick nasal exudates prior
to death. Previously, no clinical signs of tuberculosis includ-
ing cough have been observed in experimentally induced
captive wild animals [44]. Tuberculosis in wild animals is
frequently diagnosed at necropsy after natural death, with
no prior suspicion of tuberculosis. Gross lesions may be sub-
stantial, covering whole organs in one or both cavities; nev-
ertheless, the anatomical sites of the lesions, the level of
pathological involvement, and the nature of nodular struc-

tures with some conjunctiva necrosis are frequently present
before unthriftiness is often obvious [45].

3.2. Disease Progression and Development. During necropsy,
our study reported severely congested trachea with creamy
white catarrhal exudate. The lungs exhibited small granulo-
matous tubercles, severe consolidation, and grey and red
hepatisation, and cut sections showed a creamy white case-
ous material (Figure 1). At necropsy, enlarged mandibular,
cervical, and mesenteric lymph nodes are packed with
caseated and calcified exudate (Figure 2). So far, no pub-
lished report is available about these lesions in nilgai due
to M. bovis infection. Lesions in cervids, thoracic cavities,
and lymph nodes may be purulent, while others may be
dry, depending on where they are located in the animal’s
body [46, 47]. However, few studies have observed similar
pneumonic lesions due to M. bovis infection in wild animals
[48]. Oryx, nilgai, and stable antelope tumors are strikingly
similar to those found in other Bovidae species. There is
no evidence of connective tissue involvement in the nodular
areas of caseation and epithelioid cells [49]. However, M.
bovis infection has also been detected in lymph nodes of buf-
faloes [50], mesenteric lymph nodes [51], and cervical
lymphadenitis [52].

3.3. Histopathology. At a microscopic level, the lungs indi-
cated congestion, emphysema, infiltration of chronic inflam-
matory cells, granulomatous inflammation, multinucleated

(a) (b)

(c) (d)

Figure 2: Necropsy of Nilgai showing (a, b) caseated exudate and calcified lymph nodes in opened neck region (arrows) and (c, d) enlarged,
caseated exudate, and calcified mesenteric lymph nodes (arrows).
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giant cells, fibrosis, and alveoli punctuated with chronic
inflammatory cells (Figure 3). Our observations regarding
different microscopic lesions in lungs of nilgai, similar
lesions due to bovine tuberculosis, including lymphohistio-
cytic inflammatory and necrotic debris in bears [21], granu-
lomatous lesions comprising caseation surrounded by
plasma cells epithelioid, lymphocytes, multinucleated giant

cells, and fibrous capsule in rhinoceros and dairy cattle have
been investigated earlier [11, 44, 53, 54]. Furthermore, simi-
lar histopathological lesions due to experimental infection
induced byM. bovis in the lungs of deer and cattle have been
observed previously [55]. In our findings, the heart of nilgai
was extensively enlarged, hyperaemic, and dark in color with
a huge amount of straw-colored fluid in the pericardial sac

(a) (b)

(c) (d)

Figure 3: Photomicrograph of the lungs of nilgai of tuberculosis showing (a) severe edema, congestion, small foci of abscess, (b) fibrosis,
ruptured interalveolar septa, hyperplasia of pneumocyte, (c) micronodules, chronic inflammatory cells in alveolar spaces and obliteration
of alveoli, and (d) extensive exudate containing fibroblast, macrophage, monocytes, and thick interlobular septa (H&E; 200X).

(a) (b)

Figure 4: Photograph of the heart of Nilgai showing (a) congestion and presence of straw-colored fluid in the cardiac cavity and (b) severe
inflammatory exudates, fibrosis, and calcified material surrounded by chronic inflammatory cells and immature tubercles in the heart of
nilgai that died from M. bovis infection. (H&E; 400X).
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(Figure 4). The Histopathological observation of heart sec-
tions showed a caseous material in lamellar arrangement,
immature and mature tubercles, infiltration of mononuclear
cells, micronodules, and calcified exudates surrounded by
fronts of monocytes, fibroblast, macrophage, and fibrocyte
(Figure 4). Moreover, heart tissues showed the presence of
few neutrophils, eosinophilic noncellular oedematous and
homogeneous fluid. No report is available about the different
lesions in heart of infected animals due to tuberculosis. Pre-
viously, chronic microscopic lesions in the kidneys, liver,
and lungs of nilgai that died from bovine tuberculosis have
also been observed [56]. The heart lesions observed in Nilgai
due to M. bovis might be the due release of nucleases and
proteases in multiple chronic inflammatory cells comprising
macrophages, epithelioid cells, plasma cells, and neutrophils
resulting to liquefaction [57]. However, similar pathological
lesions in the liver of infected animals have been observed
[11]. Therefore, the prevalence of M. bovis infection in wild
animals and the increasing frequency of the infectious agent
draw huge attention for its regular screening not only in
domestic animals but also in wildlife in captivity.

3.4. Molecular Confirmation. Genotype approaches have
been beneficial in epidemiological investigations to deter-
mine the source of infection [58–60]. PCR assays are the
most promising alternative method for tuberculosis detec-
tion with regard to specificity and sensitivity [61, 62]. In a
range of biological samples, such as tissue, blood, and nasal
exudates, PCR techniques have been successfully used to
diagnose M. bovis [63, 64]. Our study reported the JB21
and JB22 amplified regions of the Mycobacterium genome
(Figure 5). Similar genetic analyses have been shown to be
very effective in detecting M. bovis DNA isolates from blood
samples, with 100% accuracy when compared to the tradi-
tional microbiological method [65, 66]. In line with the
global effort to halt the tuberculosis disease outbreak, it is
critical to determine the true burden of zoonotic tuberculo-
sis, particularly in the low- and middle-income countries,

where cattle-control programs may be marginal or nonexis-
tent. The epidemiology of tuberculosis can be better under-
stood by combining traditional disease-tracing
investigation with molecular typing, which can reveal the
role played by various hosts in the spread of disease
infection.

4. Conclusion and Future Perspective

In recent years, the frequency of tuberculosis in zoo animals
has grown, which may be related to the closer confinement
of several wild species in one location. The ease and regular-
ity with which organisms transmit from animal to human
attract increasing attention to zoonotic relevance. In this
regard, there is an urgent need for ongoing research into this
disease in both captive and free-roaming wild animals. Only
one isolate from nilgai was analyzed in this study, but a more
detailed study with a larger sample size would be preferable
to improve the transmission routes and the pathology of M.
bovis. It is also critical to investigate the incidence of M.
bovis in other animals in developing countries like Pakistan.
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Mycobacterium bovis causes tuberculosis in dairy and wild animals. Presence of tuberculosis in animals poses a threat not only to their
herd mates but also for public. No reports are available about the clinical, pathological, and molecular investigation of naturally
occurring tuberculosis (TB) due to M. bovis in one-horned rhinoceros. One-horned female rhinoceros (Rhinoceros unicorns) at the
age of 41 years died in a public park in Pakistan. Postmortem and other investigations were carried out to know the cause of death.
The present study describes necropsy, histopathology, and molecular-based confirmation of TB in a captive female rhinoceros that
died of this infection. Clinically, the rhinoceros showed nonspecific clinical signs including anorexia, lethargy, dyspnoea, coughing,
and sudden death. At necropsy, the trachea exhibited mild congestion and contained catarrhal exudate at the bronchial bifurcation.
Macroscopic examination revealed characteristic tubercles on all parenchymatous organs. The lungs showed consolidation, grey
hepatization, and contained granulomatous lesions packed with cheesy exudate. Histopathological examination showed severe
pneumonic changes in the form of granulomatous inflammation consisting of lymphocytes, multinucleated giant cells, caseous
materials, and mineralized foci surrounded by a fibrous capsule. PCR amplicon of 500 bp confirmed the presence of M. bovis in
multiple hepatic and pulmonary tissue samples, as well as in uterine exudates. It was concluded that the presence of tuberculosis in
rhinoceros may pose potential transmission risk to other animals and the application of practical tools to determine TB status in
the rhinoceros is crucial.
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1. Introduction

Tuberculosis (TB) produced by Mycobacterium tuberculosis
is an infectious and chronic debilitating illness that affects
humans, domestic animals, and wild animals worldwide
[1]. M. tuberculosis is the most important pathogen causing
human tuberculosis, whereas Mycobacterium bovis is the
most important pathogen causing bovine tuberculosis
(BTB) and has a high potential to infect humans and other
animals due to its wide host range [2]. Because of its
occurrence in numerous animal species and their products,
which are utilized for human consumption, this disease is
of significant economic and public health importance [3].
Several developed countries have recently reduced or elimi-
nated BTB from their cattle populations, but significant
pockets of infection remain in developing countries of world
in wildlife [4]. Several investigations regarding have been
reported in large and small ruminants in Pakistan [5].

Transmission of M. bovis to public health mainly
occurs through inhalation, consumption of untreated
milk/raw milk, aerosols inhalation of the pathogen from
morbid animals at the time of close contact, and shedding
of bacteria by infected animal for the environmental con-
tamination [6]. The exact transmission of the infectious
agent to wildlife animals is still not clear. The acquisition
of infected animals, herd size, poor husbandry, and sani-
tary procedures is the key routes of disease transfer into
herds. Furthermore, animal herds with a stronger tendency
to roam play an important role in disease transmission [6].
However, different studies have reported that the infected
dairy animals and wild animals secrete M. bovis in their
faeces and urine, as bacilli have been detected in naturally
contaminated environmental samples such as soil and
faeces [7].

M. bovis has proven to infect multiple hosts within the
wildlife community [8]. Data on human tuberculosis due
to M. bovis is poorly documented [9]. Different studies have
reported various risk factors with tuberculosis in cattle and
buffaloes kept at various livestock farms [9]. Specific data
on bovine tuberculosis in Pakistan’s wild animals are scarce
except few reports in zoo animals [10]. M. tuberculosis and
M. bovis have been found in black rhinoceros confined in
zoos or under semi-intensive management [11]. Despite
the presence of M. bovis in livestock and other wildlife spe-
cies in Pakistan with rhinoceros populations, no instances
of tuberculosis have been observed in rhinos.

TB is often diagnosed by isolating the organism from
sputum, milk, faeces, and other body fluids [12]. The usual
methods for diagnosing tuberculosis include direct smear
microscopy using the fluorescent acid-fast staining tech-
nique and Ziehl-(ZN) Neelsen’s staining of clinical samples
[12]. Although cultivation on selective media offers a con-
firmed diagnosis of Mycobacterium but the primary disad-
vantage of this method is the slow bacterial growth [13].
Rapid diagnosis of Mycobacterium from clinical samples is
possible using polymerase chain reaction (PCR) amplifica-
tion of the Mycobacterial DNA. PCR is a more precise and
reliable approach for quick diagnosis with much more sensi-
tivity and specificity comparable to bacterial culture [13].

Our study aimed to study necropsy lesions followed by
histopathological findings of tuberculosis due to M. bovis
in a captive female rhinoceros. M. bovis detection was fur-
ther confirmed based on molecular approach using PCR.
Regular livestock and wildlife screening will help to prevent
M. bovis transmission to other animals.

2. Materials and Methods

2.1. Ethical Statement. The technical and ethical committee
constituted by Department of Pathology, Faculty of Veteri-
nary and Animal Sciences, The Islamia University of Baha-
walpur, Pakistan, approved the protocol of the postmortem
study of one-horned rhinoceros.

2.2. Study Area and Sample. South Punjab region had trop-
ical and subtropical climatic conditions with hot and humid
summer and cold winter. In this region, lack of intensive
animal health monitoring facilities, nutrition, water sources,
and unavailability of sufficient seasonal fodder are the main
limitations for the livestock and various other animals.
Near the zoological park where the rhinoceros was kept,
the region is mainly dominated by nomadic and sedentary
system where the animals are routinely migrated for fodder
and water which may cause spread of infectious agents
from one location to other during common grazing and
drinking.

At that time, these animals were transported on the rec-
ommendations of the governor of Punjab to district Baha-
walpur and were kept at Lal Suhanra National Park
Punjab province. The administrator of the park built a
trench-cum-lake where these animals were kept. The rhi-
noceros were daily monitored for any obvious clinical ail-
ments. According to the administration of the Park and
history from the caretakers, female rhinoceros was feed
green seasonal fodder (90 kg), bread (5 kg), and mixed
grains (4 kg), daily. According to the administrator of park,
the female might have died because of excessive bleeding
that had weakened her. The veterinary assistants of the
park noted animal stillbirth in rhinoceros. Animal became
sick, showing nonspecific signs such as depression,
anorexia, lethargy, disorientation, dyspnoea, and coughing.
Despite treatment, the rhinoceros died asymptomatically
in December 2019.

2.3. Necropsy Examination. The necropsy was performed
soon after death. Before complete skinning, the animal was
carefully examined for external lesions. The rhinoceros was
average and fair in body condition. However, congested
nasal mucosa, pale mucous membrane, and bloody dis-
charge from the vagina were observed. Afterward, a com-
plete postmortem examination was performed [14].

2.4. Sample Collection and Histopathological Analysis. Mor-
bid tissues exhibiting lesions, including lungs and liver, were
collected and fixed in 10% neutral buffered formalin for
microscopic investigation. Tissues were embedded in paraf-
fin wax, and sections of about 4-5μm thick were cut [15]
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and stained with hematoxylin and eosin stain for histopa-
thological examination.

2.5. Genomic DNA Extraction and Molecular Detection. For
bacilli detection and confirmation, various tissue samples
having lesions, e.g., liver, lungs, and uterine pus were used
for bacterial DNA extraction and confirmation of sus-
pected cause. Genomic DNA was extracted from samples
using GeneJET Genomic DNA Extraction kit (Thermo Sci-
entific, USA). The species-specific primer targeting the
JB21 and JB22 genes (forward JB21; 5′-TCGTCCGCTGA
TGCAAGTGC-3′, reverse JB22; 5′-CGTCCGCTGACCTC
AAGAAG-3′) were used for the confirmation of samples
[16]. The amplification conditions were set as initial dena-
turation at 95°C for 4min followed by 30 cycles of dena-
turation at 94°C for 1min, annealing at 55°C for 30 s,
and primer extension at 72°C for 1min, with a final exten-
sion at 72°C for 10min. The amplification was performed
using PCR master mixture (2X) (Cat # 0171, Invitrogen,
USA) and thermocycler (T 100 Thermal cycler, BioRad,
USA). The PCR product was run on 1% agarose gel for

electrophoreses and visualized through gel documentation
system (Gel Doc XR+ System, BioRad, USA).

3. Results

In the present study, at necropsy, the external examination
showed that the female rhinoceros was normal and had fair
body condition. The carcass exhibited congested nasal
mucosa, pale mucous membrane, and bloody discharge from
the vagina (Figure 1(a)). The head, skin, eyes, mouth, ears,
and rectum appeared normal. After skinning, the abdominal
cavity exhibited moderate hyperaemia of serosal membranes
and mild peritonitis. The small and large intestines showed
moderated ballooning and appeared empty. The external
surfaces of the rectum appeared hyperaemic. The spleen
was moderately hyperaemic. The reproductive organs
showed severe inflammatory changes, including metritis
and pyometra. The inner surfaces of the uterus were thick
and contained pus mixed with tissue debris (Figure 1(b)).

The trachea showed mild congestion and contained
catarrhal exudates at the bifurcation junction. The thoracic

(a) (b)

(c) (d)

Figure 1: Photographs of one-horned female rhinoceros died of M. bovis infection. (a) Showing blood mixed exudate coming out of the
vagina (white arrow), (b) uterine pus mixed with tissue debris (blue arrow), (c) small multifocal tubercular lesions (arrowheads)
containing creamy white exudate in the lungs, and (d) small multifocal tubercular lesions (arrowheads) on the parietal surface of liver
(arrowheads).
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cavity showed moderate pleural adhesions. The lungs exhib-
ited grey hepatization, consolidation, and granulomatous
lesions. Lesions in the lungs were small multifocal tubercular
lesions containing creamy white caseous material exudate
(Figure 1(c)). The liver was found consolidated, hyperaemic,
dark in color, enlarged, and had tuberculous nodules packed
with caseous material (Figure 1(d)).

Histopathological examination of lungs exhibited fibrino-
necrotic edema, thickening of interlobular septa with infiltra-
tion of chronic inflammatory cells, and ruptured interalveolar
septa (Figure 2(a)). Fibrosis, hyperplasia of pneumocytes, the
punctuation of mononuclear cells, and multinucleated giant
cells in alveolar spaces obliterating the adjacent alveoli were
also seen (Figure 2(b)). Extensive micro and macrotubercular
nodules with exudate surrounded by fibroblast fronts,
fibrocytes, monocytes, macrophages, and caseous and calcified
material were seen in the lamellar arrangement (Figures 2(b)–
2(d)). Multiple granulomatous foci contain fibrosis, bacilli,

and lymphohistiocytic inflammatory cells (Figure 3(a)). Histo-
pathological observation of liver sections showed immature
and mature tubercles, heavily infiltrated with inflammatory
cells in portal triad areas. Perivascular cuffing of lymphocytes,
monocyte, and fibroblasts was seen. Numerous small blood-
filled angiomatous cysts were observed. Bilateral granuloma-
tous inflammation and bronchial exudate were the consistent
findings in infected lungs. The PCR (500pb) confirmed M.
bovis in samples collected from the liver, lungs, and uterine
pus (Figure 3(b)). We did not observe lesions in mesenteric
lymph nodes in this case. Therefore, mesenteric lymph nodes
were not obtained.

4. Discussion

Tuberculosis is a highly contagious zoonotic disease trans-
mitted to wild animals in captivity in close contact with
free-ranging animals [17]. Wild animals are susceptible

(a) (b)

(c) (d)

Figure 2: Photomicrographs of lungs of one-horned female rhinoceros died of M. bovis infection showing (a) thickened alveolar septa
(double-sided arrows), and alveoli filled with fibrino-necrotic edema (fne) fluid along with massive infiltration of inflammatory cells, (b)
micronodules with minimum calcified exudate surrounded by fronts of fibroblasts, fibrocytes, monocytes, macrophages (arrows),
multinucleated giant cells, and calcified centre (cc) along with inflammatory cells infiltration in bronchioles (if), (c) two calcified (ca)
tubercle nodules surrounded by fronts of fibroblasts, fibrocytes, monocytes, macrophages (arrows), and (d) calcified (ca) centre. H & E;
magnification: (a)–(c) 100X; (d) -400X.
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to tuberculosis and can act as reservoirs, maintain the
infectious agents, and continued the spill over of the dis-
ease via scavenged carcasses or by prey. In the present
study, we reported the M. bovis based mortality in rhinoc-
eros in southern Punjab region, Bahawalpur, Pakistan. The
researchers discovered tuberculous lesions in rhinoceros,
which was consistent with prior investigations in other
animals [18, 19, 20, 21] but rarely reported than other
findings [23, 24]. The prevalence of TB varies from coun-
try to country, or even within a country [22]. This varia-
tion might be linked to the type of animal production
system [23, 24] and animal breed [25]. Tuberculous
lesions have also been seen in parenchymatous organs of
slaughtered animals [12] and in an adult female Marsican
brown bear died due to M. bovis infection [26].

The diagnosis of TB in wild animals mainly relies on
necropsy lesions, histopathology, and the bacterial culturing.
The changes and distribution of lesions caused by M. bovis
mainly depend upon the possible route of infection. Very
few information is available about the gross and microscopic
lesions due to M. bovis in captive individuals’ rhinoceroses
[27, 28] and very rare in free-ranging wild animals. Similar
pulmonary lesions have been seen in a semicaptive black rhi-
noceros due to natural infection with M. bovis [29]. How-
ever, no characteristic lesions have been observed in
rhinoceros experimentally infected with M. bovis [27].

Bilateral granulomatous inflammation and bronchial
exudate were the consistent findings in infected lungs in
the present case. It is speculated that in M. bovis, infected
lungs caseated tissues liquefy due to the liberation of
nucleases and proteases from macrophages [7]. Lungs of
dairy cattle infected with M. bovis showed frequent classi-
cal lesions of tuberculosis, such as granuloma comprising
caseation/mineralization surrounded by epithelioid, multi-

nucleated giant cells, fibrous capsule, plasma cells, and
lymphocytes [7, 12]. Similarly, granulomatous inflamma-
tion composed of mixed inflammatory cells, multinucle-
ated giant cells, fibrous nodules, and mineralized centers
has been observed in the lungs of experimentally induced
M. bovis infection in rhinoceros [27]. No report is avail-
able in the accessible published literature about the pres-
ence of blood-filled cysts in the liver of rhinoceroses due
to M. bovis infection. However, it has been observed in
the liver of crossbred cows suffered from chronic tubercu-
losis [7].

PCR assays are the most promising alternative tool for
the quick and specific detection of tuberculosis [30, 31,
32]. PCR techniques have been effectively utilized to diag-
nose bovine tuberculosis in a variety of naturally infected
organic samples, including tissue, blood, and nasal exu-
dates [32, 33]. The most widely used method is based on
primers that amplify parts of the DNA. JB21/JB22 has
been shown to be extremely accurate at identifying M.
bovis DNA isolates from blood samples, with 100 percent
concordance with the traditional microbiological approach
[34]. Studies reported in past also employed a multiplex-
PCR to detect a single 500 bp product in M. bovis while
MTB produced a single 185 bp product, with or without
an additional 500 bp product [35, 36].

5. Conclusion and Future Perspective

The present study supports the historical assumption that
M. bovis could establish itself in a rhinoceros population
and other wildlife but remain underestimated and unrecog-
nized for decades. TB in rhinoceros within a given reserve
or facility is a potential risk for human infection, either vis-
itors or workers. Thus, the application of effective tools to

(a) (b)

Figure 3: Photomicrograph of lung tissues of rhinoceros died of M. bovis infection showing (a) extensive fibrosis, presence of bacilli
(arrows), and hyperplasia of pneumocytes. H & E; 400X. (b) Confirmation of Mycobacterium bovis by PCR (500 bp) from lungs (5), liver
(6), and uterine pus (7). Lane 1 shows DNA marker (50 bp), lane 3 positive samples and lane 2 and 4 show negative control.
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determine the tuberculosis status in the rhinoceros is crucial.
An organized approach to disease management shared
between wildlife and cattle needs to be identified as a key
requirement in national and international zoological parks.
Integrating these components allows for adaptive disease
management and may be the most effective way to manage
M. bovis. A large-scale study is required to determine M.
bovis prevalence in the zoological parks of Pakistan and rest
of countries.
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Cigarette SMOKE (CS) considerably contributes to causing some diseases such as cancer, and it has a role in the alternation of
gene expression through several mechanisms including epigenetics modification, particularly DNA methylation. EYA4 is one of
the genes, that whose expression has been dysregulated in lung, colon, bladder, and breast cancer, leading to tumor
progression. The alternation of DNA methylation levels has been implicated in regulating the expression of the EYA4 gene.
Thus, in this study, we have shown the effect of CS on the DNA methylation level of the EYA4 promoter region as well as the
methylation level on EYA4 expression. To determine the level of DNA methylation on the promoter region of the EYA4 gene,
we have employed the bisulfite conversion treatment followed by the Sanger Sequence for 100 DNA samples taken from Saudi
people (50 smokers and 50 nonsmokers). We found that 26% of DNA extracted from smoker samples is methylated, while
there was no methylation identified in nonsmoker samples. Also, using the demethylating agents such as AZA on LoVo and
Caco-2 cancer cell lines causes induction of transcription level of EYA4, implying the possible mechanism of DNA methylation
in the upregulation of EYA4. These findings suggest the possible mechanism of CS in controlling the expression of EYA4 via
changing the status of DNA methylation.

1. Introduction

Cigarette smoke (CS) is the most prevalent cause of death
and disease in the world [1]. CS may negatively affect nearly
all organs of the body, accelerate the process of organ aging,
and consequently lead to various disease, such as cardiovas-
cular diseases [1], chronic obstructive pulmonary disease [2],
and cancers [3]. Clinical studies have illustrated that CS can
trigger several aging-related changes, from cell phenotype to
gene expression and epigenetic regulation, in the respiratory
system [4], as well as the ability to induce oxidative damage,
inflammation, immune changes, genetic alterations [5], and
single-nucleotide polymorphism (SNP) alternations [6].
Thus, understanding the mechanism of smoking and its
contribution of causing chronic illness is a crucial for the
discovery of therapeutic targets [7]. Few studies have been
conducted on epigenetic mechanisms including DNA meth-
ylation, showing a possible role of CS in regulation of DNA

methylation [8] that could lead to remarkable changes in
gene transcription, resulting in diseases development [9–11].

Epigenetics, including DNA methylation, has been
implicated in causing several diseases such as neuroblastoma
[12], breast cancer [13], colon cancer [14], and liver cancer
[14], via silencing tumor suppressor genes [15] and inducing
oncogenes [12]. Recent studies have shown that the alterna-
tion of DNA methylation is a leading cause of colon cancer
and being considered as biomarkers [16]. It is noteworthy
that several environmental factors can negatively affect the
epigenetic mechanisms including DNA methylation [8],
especially CS, air pollution, and dietary changes [8].

One of the specific genes which has been regulated by
alternation of DNA methylation is EYA4 [17, 18], and it
belongs to eyes absent gene family (EYA), playing a major
role in the mediation of DNA repair, cell apoptosis, angio-
genesis, and tumor growth [19, 20]. EYA protein harbors
different domains, including transcriptional activation,
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protein tyrosine phosphate, and threonine phosphate, and
its conserved C-terminal domain carrying 270 amino acids,
while less likely conserved N-terminal having a vary amino
acids between 266 and 320 [21]. Translational level of
EYA, particularly protein-protein interaction domain
involves in the binding site of SIX and DACH protein [22].
Interestingly, disruption of EYA4 expression was implied
to contribute to cancer progression including lung cancer
[23], hepatocellular carcinoma [24], breast cancer [25],
esophageal squamous cell carcinoma [17], and bladder can-
cer [26]. Also, it is reported that CS could dysregulate EYA4
expression [27]. Therefore, in the current study, we have
investigated the effect of CS on DNA methylation level in
nonsmoker and smoker Saudi adults as well as the contribu-
tion of DNA methylation in regulating EYA4 expression.

2. Materials and Methods

2.1. Ethical Approval. The ethical approval of this study was
obtained from the Research Ethics Committee of the College
of Applied Medical Sciences at King Saud University in
Riyadh, Saudi Arabia (Reference No. CAMS 13/3536).

2.2. Collection of Blood Samples. We have collected blood
samples from 100 healthy Saudi adults of which 50 people
are smokers and other 50 nonsmokers (Table 1), from the
Blood Donation Center at King Saud medical city (Riyadh,
Saudi Arabia) between September 2018 and December 2019.

2.3. DNA Extraction, Bisulfite Conversion, and Sanger
Sequence. The lymphocyte genomic DNA was extracted with
PureLink® Genomic DNA Mini Kit (Invitrogen) [28] and
500ng was treated with EZ DNA methylation-Gold ™ kit
(Zymo Research) [12]. EYA4 forward AGGGGATGTTT
TGTTTTTATTAGAG and reverse TAAAAATTCTCTCA
ACTCAAACTCC were amplified using end point PCR,
PCR condition: 5 minutes at 95°C; followed by 37 cycles,
94°C for 30 seconds, and then 30 seconds at 60°C and 30
seconds at 72°C, respectively. Having terminated the ampli-
fication with a 10 minutes at 72°C, followed by sanger
sequencing via Macrogen Inc. (Seoul, Republic of Korea).

2.4. Cells and 5-Aza-2′-Deoxycytidine Treatment. The LoVo
and Caco-2 were obtained from American Type Culture
Collection (ATCC), USA. Cells were grown in DMEM
(Sigma) media containing 10% FBS and 10000U/ml antibi-
otic and then kept at 37°C in 5% CO2 incubator. LoVo and
Caco-2 were treated with 1μM 5-aza-2′-deoxycytidine
(Sigma) for 72 hours, and a medium was replaced every 24
hours. Control cultures had an equal volumes of drug sol-
vent (DMSO) [12].

2.5. RNA Extraction, cDNA Synthesis, and RT-PCR. Total
RNA was extracted with a QIAZol Lysis reagent (Qiagen),
and GoScript™ Reverse Transcritase (Promega) was applied
to synthesis cDNA; gene-specific primers of EYA4 forward
ATAACACAGCCGATGGCACA and reverse TCCTGG
TTGGTTAGTCAGTCC were used for QPCR (GoTaq®
qPCR; Promega) on Prime Q real-time PCR machine
(Techine), normalizing the amount of target gene to the

house keeping gene GAPDH forward AATGGGCAGCC
GTTAGGAAA and reverse AAAAGCATCACCCGGA
GGAG [29]. PCR conditions are as follows: one cycle at
95°C for 15 minutes, followed by 36 cycles of 95°C for 30 sec-
onds, then 30 seconds at 58°C and 30 seconds at 72°C, termi-
nating the incubation by 1 cycle of 95°C for 1 minute, 58°C
for 30 seconds, and 95°C for 30 seconds successively. The
2−ΔΔCt method was applied to define the relative mRNA
expression.

2.6. Statistical Analysis. Statistical analysis was performed
using SPSS software Ver.22 (SPSS Inc., Chicago, USA). Data
were examined using Student’s t-test, and results were pre-
sented as average ± SD. Paired t-test were being considered
statistically significant at ∗p < 0:05; ∗∗p < 0:005.

3. Results

3.1. Clinical Data of the Participants. In this study, there was
no significant difference in the age of participants
(average age nonsmokers = 29:85 years old and smokers =
31:75 years old) (Table 1). Smoker participants consume a
minimum of 10 cigarettes a day for a minimum of 7 years.

3.2. EYA4 Promoter Is Enriched with CpG Islands, and Its
Expression Is Downregulated in Colon Cancer. We designed
our assay on EYA4 promoter region which is enriched with
CpG island (on human genome build NCBI36/Hg18 (UCSC
genome browser; http://genome.ucsc.edu) (Figure 1(a)).
Also, we have noticed that the expression of EYA4 is
decreased in number of colon cancer sets: GSE8672,
GSE4554, GSE2150, and GSE37892 compared to different
set of normal tissues GSE3526 and GSE7307 that are
appeared in R2 genomic analysis and visualization platform
(https://hgserver1.amc.nl/cgi-bin/r2/main.cgi) (Figure 1(b)).
These data suggested the possible relation between DNA
methylation and regulation of EYA4 expression.

3.3. EYA4 Amplification in Bisulfite Genomic DNA Extracted
from Smoker and Nonsmoker Adults. Genomic DNA was
extracted from participants and was treated with bisulfite
conversion, followed by PCR amplification. The expression
of EYA4 was detected in all samples (Figure 2). Then, PCR
products were dispatched for Sanger sequence to see the
alternation of DNA methylation level.

Table 1: Clinical and demographic data of the study participants.

Variable Smokers Nonsmokers

Number 50 50

Age (years), median ± SD 31:75 ± 2:84 29:8 ± 3:5
Age (years)

≤30 years 31 (62%) 18 (36%)

>30 years 19 (38%) 32 (64%)

Years of smoking

≤12 years 26 (52%) —

>12 years 24 (48%) —
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3.4. EYA4 Methylation in Nonsmoker and Smoker Adults.
Interestingly, Sanger sequence data has shown that there is
no methylation on EYA4 promoter in all nonsmoker samples
(Figure 3(a)), However, 26% of smokers harbored methylated
promoter of EYA4 (Figure 3(b)). The level of DNA methyla-
tion was significantly increased in smokers compared to non-
smokers (Figure 3(c)). Our results indicated that CS causes a
noticeable change in DNA methylation. Therefore, the effect

of DNAmethylation on the regulation of the EYA4 expression
was investigated in colon cancer cell lines.

3.5. 5-Aza-2′-Deoxycytidine Induces EYA4 Expression.
Colon cancer cell lines LoVo and Caco-2 were treated with
1μM 5-Aza-CdR for 72 hours, and the expression of EYA4
was significantly upregulated in LoVo (Figure 4(a)) and
Caco-2 (Figure 4(b)) compared to cells treated with DMSO.
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Figure 1: Location of EYA4 assay and RNA expression in normal tissues and colon cancer. (a) USCS genome browser (https://genome.ucsc
.edu) indicates the place of amplicon on the EYA4 promoter and the distribution of CpG island on the promoter region of EYA4. (b) Box
blot shows the expression of EYA4 in normal tissues (1: GSE3526 contains 353 samples and 2: GSE7307 contains 504 samples) and in colon
cancers (1: GSE8671 contains 32 samples, 2: GSE4554 contains 84 samples, 3: GSE21510 contains 148 samples, and 4: GSE37892 contains
130 samples) taken from R2 online public data (https://hgserver1.amc.nl/cgi-bin/r2/main.cgi).
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Figure 2: 2% agarose gel of PCR product shows the amplification of EYA4 gene in lymphocyte genomic DNA extracted from nonsmokers
and smokers. Followed by treatment with bisulfite conversion in nonsmoker and smoker adults. 1 to 50 indicates the samples number.
(a) EYA4 bands after being amplified by PCR in 50 samples of nonsmokers. (b) EYA4 bands after being amplified by PCR in 50 samples
of smokers.
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Figure 3: EYA4 methylation level in nonsmoker and smoker samples. (a) Lollipop diagram displays the methylation level of 4 CpG islands
that located on the EYA4 promoter in DNA extracted from nonsmokers (n = 50). White lollipop indicates unmethylated cytosine, black
lollipop indicates methylated cytosine, and there was no methylation observed. (b) Lollipop diagram displays the methylation level of 4
CpG islands that located on the EYA4 promoter in DNA extracted from nonsmokers (n = 50). White lollipop indicates unmethylated
cytosine, black lollipop indicates methylated cytosine, and methylated cytosine was detected in 26% of tested samples. (c) Box blot shows
the number of methylated cytosine in nonsmoker and smoker adults. ∗∗p < 0:01, two samples t-test.
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Figure 4: The effects of 5-Aza-CdR on EYA4 RNA expression in colon cancer cells. (a) RNA expression of EYA4 in Caco-2 cell lines after
being treated with DMSO (control) and with 1μM 5-Aza-CdR (AZA) for 72 hours and media was replaced every 24 hours. (b) RNA
expression of EYA4 in LoVo cell lines after being treated with DMSO (control) and with 1 μM 5-Aza-CdR (AZA) for 72 hours and
media was replaced every 24 h. Mean ± SD of three experiments, ∗p < 0:05, ∗∗p < 0:005, paired sample t-test.
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Taken together, our results suggested that CS could epi-
genetically regulate the expression of EYA4 through the
alternation of DNA methylation.

4. Discussion

In this paper, we have examined the effect of CS on the reg-
ulation of DNA methylation as well as the involvement of
DNA methylation in controlling the expression EYA4 gene.
The expression of EYA4 gene is important in cell prolifera-
tion, migration, and angiogenesis [21]. EYA4 promoter is
covered with CpG island, and alternation of DNA methyla-
tion was observed in tumor samples compared to normal
samples [17, 30]. Additionally, abnormality of EYA4 expres-
sion has been mentioned to contribute to cancer progression
for instance, colon cancer [31], glioma [32], lung cancer
[23], and bladder cancer [26]. Also, downregulation of its
expression was defined in different sets of colon cancers,
suggesting its role in inhibiting tumor development [31]. A
recent study by Deger et al. revealed the role of EYA4 meth-
ylation in predicting the favourable outcomes of colorectal
liver metastasis patients as the level of DNA methylation
has comparably decreased in blood samples taken from
patients after and before treatments [33].

Interestingly, our result showed for the first time among
Saudi population, no methylation of EYA4 was appeared in
nonsmokers, whereas 26% of smoker samples were methyl-
ated and these differences are significant. Our finding is in
line with that found in Zhu et al. [34] in DNA methylation
of cigarette smoking of the Chinese population. Also, other
researchers have reported that DNA methylation is associ-
ated with cigarette smoking [34–37], and changing the
methylation in one CpG could induce gene expression
[38]. Thus, due to the involvement of CS in alteration of
DNA methylation status [39, 40], and in hampering the
expression of EYA4 in lung tissues taken from smokers com-
pared to nonsmokers [27] as well as the impact of DNA
methylation in depleting EYA4 expression in oral [41] and
colon cancer [31], we suggest that CS could have a role in
changing the methylation status of EYA4 in Saudi
population.

CS is implicated in inducing hypermethylation mecha-
nism via increasing the expression of DNA methyl transfer-
ase enzymes (DNMTs) [42, 43]. The possible mechanism
could be through DNA damage on DNMT3b which occurs
as a result of the existences of carcinogens content in CS
including arsenic, formaldehyde, and nitrosamines [44],
leading to a transition from C to T that is located on the pro-
moter 149 bp away from the transcription start site; it was
revealed that nonsmokers harbor DNMT3b–149 CT geno-
type while smokers contain DNMT3b–149 TT genotype
[42]. Consequently, an increase of DNMT3b activity is
observed, causing an establishment of de novo methylation
of CpG on some tumor suppressor genes [45].

A few studies have shown the dysregulation of DNA
methylation in colon cancer including EYA4, which was
hypermethylated and treatment with demethylating agents
caused induction of its expression [46]. In agreement with
Kim et al. [31] and Moon et al. [47], we have restored the

expression of EYA4 after treating the Caco-2 and LoVo
colon cancer cells with 1μM 5-Aza-CdR for 72 hours, this
implies the possible mechanism of involvement of DNA
methylation in hampering the expression of EYA4 [31],
which could accelerate colon cancer formation [31].

The consequence of the existence of EYA4 expression
conceivably blocks the development of colon cancer [31],
through the downregulation of MYCBP [48] via dephos-
phorylating β-catenin [49]. Therefore, the depletion of
EYA4 expression has been detected in colorectal cancer, pos-
sibly due to hypermethylated promoter [31]. Overall, our
result indicates the deleterious impacts of CS on the alterna-
tion of the level of DNA methylation in EYA4 promoter,
presumably resulting in EYA4 inhibition.
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For toxicity research, a total of 100 fertilized nonincubated eggs were used for this study. There were two trials in this experiment
which were further divided into 2 phases based on a different days of sewage water treatment and observation days. In each trial,
50 eggs were used and divided into 5 groups. Group A, B, and C were treated with three different concentrations of pure and
diluted sewage water (100%, 70%, and 30%), respectively. Control group D was given 0.3ml saline solution (0.9% NaCl) and
group E was uninjected. Different parameters such as the embryo’s body weight, body length, forelimb length, hindlimb length,
and head diameter were determined. In trial 1, eggs were treated with sewage water on 7th day of incubation and opened on
8th day (phase I) and 9th day (phase II). When the trial 1 (phase I) findings were compared to the control groups, it was
observed that body weight, body length, forelimb length, and hindlimb length were highly statistically significant differences
(p < 0:01), but the head diameter was not significant (p > 0:05). Phase II result showed embryo’s head diameter was a highly
statistically significant difference (p < 0:01), whereas forelimb length was significant (p < 0:05), and body weight, body length,
and hindlimb length were nonsignificant (p > 0:05). In trial 2, eggs were treated with sewage water on 14th day of incubation
and opened on 15th day (phase I) and 16th day (phase II). Results of 15th day showed a highly statistically significant (p < 0:01)
difference in hindlimb length, while body weight, body length, forelimb length, and head diameter were nonsignificant
(p > 0:05). Phase II of trial 2 showed that on 16th day, body weight, body length, forelimb length, hindlimb length, and head
diameter showed a nonsignificant (p > 0:05) difference between experimental and control groups. Embryos were observed to be
deforming on the 9th day (after 48 hours of exposure to sewage water). Other phases showed no signs of deformation. Except
on 8th day of incubation, dose-related mortalities were present in experimental groups, while the control group showed no
mortality.
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1. Introduction

Sewage water, also known as domestic wastewater, is a form of
waste water. It is made up of a community of individuals. It is
identified by its appearance, organic and inorganic com-
pounds, toxic elements, and the nature of pathogens like bacte-
ria and viruses for example hepatitis A, enteroviruses, protozoa,
and parasitic helminths (WHO andUNICEF, [1]). A large pro-
portion of it is made up of greywater (from showers, bathtubs,
pools, dishwashers, and cloth washers), black water comes
from toilets, along with the human waste washed away, soaps
and detergents, and toilet papers (Jackson and Ord, [2]).
Untreated sewage water is generated in large quantities across
the world, leading to widespread water pollution, particularly
in low-income countries. According to UNDP and UN-
Habitat figures, 90 percent of all waste water is released
untreated into the environment (Corcoran et al., [3]).

With population growth, urbanization, and better living
standards, the amount of wastewater produced by domestic,
industrial, and commercial sources has increased (Qadir
et al., [4]). Sewage water also contains pharmaceutical contam-
inants that are persistent in the environment. Sewage has also
been examined to ascertain the relative rates of prescription
and illicit drug use among city residents (Castiglioni et al.,
[5]). It is also possible to infer general socioeconomic demo-
graphics (Choi et al., [6]). However, sewage water can contain
biological hazards such as bacteria, viruses, and protozoa, as
well as chemical hazards, primarily heavy metals (Hussain
et al., [7]). Nowadays, a large amount of untreated sewage/
industrial water is being discharged into surface bodies for dis-
posal. It has been indicated that long-term exposure to Cd
(heavy metal) in food and water leads to abnormalities in
embryonic development (Lone et al., [8]).

Because of a scarcity of water and chemical fertilizer
application in many developing countries, using sewage
water to irrigate agricultural land is common practice with
a long background (Zhang et al., [9]). Many domestic and
wild animal species, including other forms of human waste,
can use greywater supplies if they are available, raising the
risk of pathogen fallout and chemical contamination. This
is especially significant in dryland areas where greywater
can attract water-dependent animals in an area where
groundwater is scarce. Animals consuming greywater
infected with animal microbes can promote the transmission
of antibiotic-resistant microbes from humans to animals,
directly leading to the resistant bacteria in the setting (Alex-
ander and Godrej, [10]). The absence of effective sanitation
for human beings is a huge issue. An estimated 4.5 billion
cannot get access to appropriate sanitation or do not have
access to it at all (WHO and UNICEF, [1]).

Chickens are the most common domestic animal and the
primary source of animal protein among domesticated ani-
mals (Wang et al., [11]). The chicken model organism has
also shown great promise in terms of studying environmen-
tal contaminants and chemotherapeutics (Rodriguez et al.,
[12]). Avian eggs are often used as a bioindicator in environ-
mental pollutant testing systems, and infected eggs can be
used to determine the risk of lipophilic environmental pol-
lutants. For more than twenty years, the chicken embryo

has been used as a model system for embryology and devel-
opmental biology (Stern et al., [13]).

In the present study, the effects of sewage water on the
embryonic development of chicks were evaluated. Different
parameters such as body weight, body length, forelimb
length, hindlimb length, and head diameter were measured.
Embryos were also evaluated for normal development. And
the mortality rate of developing embryos was also observed.

2. Material and Methods

The experiment was performed at Ghazi University’s Zoology
departmental lab in DG Khan, Punjab, Pakistan. The study
was fundamental and experimental. Toxicological effects of
sewage water were evaluated in chick embryos in this study.
The eggs were purchased from Govt. Poultry Farm Bahawal-
pur, Punjab, Pakistan. Different concentrations of sewage
water were given to experimental groups and compared to
control groups. The shells of all the eggs were sterilized with
70% ethanol. With an egg driller, a tiny hole was created in
the shell of each egg excepting uninjected eggs. With the small
injector, a single dose of each concentration was injected into
the air sac of each egg. The hole was sealed with paraffin wax
after sewage water had been administered. To ensure the con-
tinuity of the embryos, eggs were put in the incubator with the
sharp ends pointing down. Eggs were accessible at the times
needed. The incubator wasmaintained at a steady temperature
of 37:8°C ± 0:2°Cwith a humidity of 60-70%. During the incu-
bation cycle, the eggs were automatically rolled at a 45-degree
angle to the vertical axis every 2 hours.

2.1. Sewage Water Sample Locality. The noncentralized
treated sewage water was obtained from Bhutta Colony Dera
Ghazi Khan. Dera Ghazi Khan is a district in Pakistan’s Punjab
province. This sample was collected from house holding tanks.

2.2. Sewage Water Sample Analysis. The physical, chemical,
and bacteriological properties of sewage water samples were
examined at the Laboratory of Pakistan Council of Research
in Water Resources (PCRWR) Water Quality Laboratory,
Dera Ghazi Khan Punjab, Pakistan.

2.2.1. Physical and Chemical Analyses. Total dissolved solids,
electrical conductivity, turbidity, and pH of the water were
examined as significant physical parameters in the physical
analysis. In chemical analysis, essential chemical parameters
such as carbonates, bicarbonates, chloride, calcium, sodium,
and potassium were examined. These physicochemical param-
eters were examined by different methods and instruments as
described in Table 1. With the help of this analysis, the follow-
ing results were obtained from the sewage water sample as
shown in Table 2. According to the results of these physical
and chemical parameters, it was concluded that sewage water
contains various concentrations of contaminants that cause
adverse effects on human health and the environment.

2.2.2. Bacteriological Analysis. Total coliform, fecal coliform,
and E. coli were studied in the raw form (100%) of sewage
water in this sort of examination. Table 3 displays their
results
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2.3. Experimental Design. A total of 100 fertilized nonincu-
bated eggs (Gallus gallus domesticus) were used for this
study. There were two trials in this experiment based on dif-
ferent days of sewage water administration. In each trial, 50
eggs were used and divided into 5 groups A, B, C, D, and E.
In experimental groups, A = 100% sewage water, B = 70%
sewage water, and C = 30% sewage water (0.3ml dose) were
given. Control group D was treated with 0.3ml saline
solution (0.9% NaCl) and E remained uninjected. Each trial
was further divided into 2 phases based on different
observation days.

(i) Trial no. 1

For this trial, 50 fertilized eggs were used. These eggs
were divided into five groups, each with five eggs. The trial
was divided into 2 phases:

(i) Phase I: this phase included a total of 25 fertilized
eggs. On the 7th day of incubation, sewage water
was inserted. On the eighth day of incubation, these
eggs were determined to be sacrificed (after 24 hours
of injection)

(ii) Phase II: a total of 25 fertilized eggs were used for this
phase. Sewage water was injected on 7th day of incuba-
tion. These eggs were determined to sacrifice on the 9th-
day of incubation (after 48 hours of injection)

(ii) Trial no. 2

50 fertilized eggs were used for the second trial. These
eggs were divided into 5 groups. Trial 2 was separated into
two phases:

Table 1: Methods/instruments for physical and chemical parameter analysis.

Sr. no. Parameters Analysis methods/instruments

1. pH pH meter

2. Electrical conductivity Conductivity method, electrical conductivity meter

3. Turbidity Turbidity meter/nephelometer

4. Color Sensory test

5. Carbonates Titration (standard solution of strong acid)

6. Bicarbonates Titration (standard solution of strong acid)

7. Alkalinity Titration (standard solution of strong acid)

8. Calcium Calcium meters

9. Chloride Titration (silver nitrate solution)

10. Fluoride Fluoride electrode method (water+zirconyl xylenol orange complex reagent)

11. Hardness Titration (standard solution of strong acid)

12. Magnesium EDTA (ethylenediaminetetraacetic acid)

13. Sodium Flame photometer

14. Nitrate Visible spectrophotometer

15. Potassium Flame photometer

16. Sulfate Titration (barium chloride)

17. TDS TDS meter

Table 2: Results of physicochemical parameter analysis.

Sr. no. Physicochemical parameters Results

1. Appearance Turbid

2. Color Greyish

3. Odor Foul

4. Bicarbonate (mg/l) 165

5. Alkalinity (mmol/l) 3.3

6. Calcium (mg/l) 426

7. Carbonate Nil

8. Chloride (mg/l) 208

9. Conductivity 7560

10. Turbidity 225

11. Fluoride (mg/l) 3.65

12. Hardness (mg/l) 1425

13. Magnesium (mg/l) 87.48

14. Nitrate 0.95

15. pH 8.25

16. Potassium (mg/l) 22

17. Sodium (mg/l) 680

18. Sulfate (mg/l) 3685

19. TDS (mg/l) 4536

Table 3: Results of bacteriological analysis.

Sr. no. Parameters Results

1. Total coli form 210

2. Fecal coli form 112

3. E. Coli 75
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(i) Phase I: this phase requires a total of 25 fertilized
eggs. Sewage water was given on 14th day of incuba-
tion. These eggs opened on 15th day of incubation
(after 24 hours of injection)

(ii) Phase II: a total of 25 fertilized eggs were required
for this phase. Sewage water was injected on 14th

day of incubation. These eggs were determined to
sacrifice on the 16th-day of incubation (after 48
hours of injection)

2.4. Parameters Studied in Trials 1 and 2. On observing days,
the eggs were opened, and the outer shells were scratched up
to expose the embryo. The embryos were removed from the
albumin using a spoon and put on a petri dish and evaluated
their different parameters.

Different parameters were studied:

(i) Body length (mm), forelimb length (mm), hindlimb
length (mm), and head diameter (mm) were mea-
sured on observation days by using a scale. The
embryos’ body weight (g) was determined by using
a digital electronic balance (model no. FA2204)

(ii) Embryos were observed to find the effect of sewage
water on the embryonic development of chicks

(iii) The mortality rate was evaluated on different obser-
vation days. Mortality percentage (%) was calcu-
lated by using the following formula:

Mortality percentage %ð Þ: Dead embryos
Total number of embryos

× 100

ð1Þ

2.5. Statistical Analysis. Using SPSS version 20.0, the data
were statistically analyzed. All of the data was given as group
mean ± SE, and one-way ANOVA was used to compare the
results to the control. For post hoc analysis, Duncan’s multi-
ple range test was used. When the difference between the
control and experimental groups was less than 0.05, it was
considered significant. If p < 0:01, it was considered highly
significant.

3. Results

3.1. Trial No. 1. Trial 1 was divided into 2 phases based on
different observation days. Sewage water was given on 7th

day of incubation. And eggs were opened after 24 hours
of sewage water insertion in phase I and after 48 hours
in phase II.

In phase I, the finding of body weight, body length, fore-
limb length, and hindlimb length according to the effects of
sewage water demonstrated a highly statistically significant
difference (p < 0:05), but head diameter showed nonsignifi-
cance (p > 0:05) between the experimental and control
groups. All these parameters were raised in group E which
was the control group, while reduced in experimental
groups. Table 4 depicts the sewage water effect on these
parameters.

Phase II findings showed that the impact of various con-
centrations of sewage water on 9th day embryo’s head diam-
eter was a highly statistically significant difference (p < 0:01),
while forelimb length was significant (p < 0:05). Body
weight, body length, and hindlimb length showed nonsigni-
ficance (p > 0:05) between the experimental and control
groups as represented in Table 4.

3.2. Trial No. 2. Trial 2 was divided into 2 phases based on
different observation days. On the 14th day of incubation,
sewage water was administered. And eggs were opened after
24 hours of sewage water insertion in phase I and after 48
hours in phase II.

In phase I, Table 5 displays the mean ± SE values of var-
ious sewage water treatments in comparison to control
groups. Hindlimb length revealed a highly statistically signif-
icant (p < 0:01) difference between the experimental and
control groups, while body weight, body length, forelimb
length, and head diameter showed nonsignificance
(p > 0:05).

On 16th day after 48 hours of sewage water administra-
tion (phase II), body weight, body length, forelimb length,
hindlimb length, and head diameter showed a nonsignificant
difference (p > 0:05) between the experimental and control
groups. These parameters were increased in the control
groups, and head diameter increased in group A, while these
values decreased in the experimental groups as depicted in
Table 5.

3.3. Effect of Sewage Water on Chick Embryos on Different
Observation Days. Figure 1 displays the development of var-
ious body parts after being exposed to sewage water treat-
ments and compared to control groups. Embryos exhibited
normal development in phase I of trial 1; however, deforma-
tion of body parts of chick embryos in experimental groups
(A, B and C) was detected on the 9th day after 48 hours of
sewage water treatment in phase II, as compared to control
groups that showed normally developed body parts.

In trial 2, sewage water was given on 14th day of incuba-
tion; after 24 hours (phase I) and 48 hours (phase II) of
administration, embryos were evaluated for normal develop-
ment. In both phases, embryos showed no abnormality.

3.4. Mortality Percentage (%) on Different Observation Days.
Mortality percentage (%) in different experimental and con-
trol groups has been given in Figure 2. There was no mortal-
ity in 8th day old chick embryos treated with sewage water
on 7th day. While in others, mortalities were increased with
increasing concentration of sewage water. Control groups
did not show any mortality.

4. Discussion

The main purpose of this study was to determine the toxico-
logical effects of sewage water on the embryonic develop-
ment of chicks. A total of 100 fertilized nonincubated eggs
(G. gallus domesticus) were used for this study. There were
two trials in this experiment. Each trial was further divided
into 2 phases. In each trial, 50 eggs were used and divided
into 5 groups. Groups A, B, and C were treated with three
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different concentrations of sewage water (100%, 70%, and
30%) and compared to controls (saline solution given 0.9%
NaCl and uninjected group). Different parameters such as
body weight, body length, hindlimb length, forelimb length,
and head diameter were evaluated on the 8th, 9th, 15th, and
16th days.

When examined, sewage water included total coli, fecal
coli, and E. coli. Hughes and Thompson (2004) had also
found that total coliforms (which include Enterobacteriaceae
and fecal coliforms) are the most common bacteria and are
used as indications of sewage pollution.

Greywater (from showers, bathtubs, pools, dishwashers,
and clothes washers) makes up a major amount of sewage
water, as does black water (from toilets, along with the
human waste washed away, soaps and detergents and toilet
papers). Greywater, according to Jackson and Ord, is water
that is of poor significance than potable water (drinking
water) but of greater value than black water (Jackson and
Ord, [2]). In the current investigation, the sewage water ana-
lyzed was grey and had a foul smell.

When sewage water was examined in the current study, it
included nitrate 0.95mg/l and sodium 680mg/l, which affected
the body weight of chick embryos in trials 1 and 2, except in
phase II of trial 1, in which its value decreased in control group
E. This work was supported by the work of (Mohamadi et al.,
[14]) who found that adding nitrate sodium to the air sac of fer-
tilized chicken eggs did not affect the production, hatching, or
survival of one-day chicks. However, it promotes hypoxia,
diminishes overall antioxidant capacity, and increases malon-
dialdehyde in the body, resulting in a reduction in freshly chick
weight. Grizzle et al. [15] had found that water quality in broiler
farms has a negative impact on broiler performance, which is
negatively associated with body weight and immune resistance.

In the present study, body length decreased in chick
embryos in the sewage water-treated groups when compared
with the control groups. The present study was in corrobora-
tion with the findings of (Bhanot and Hundal, [16]) that
conducted an experiment on fish Labeo rohita and found a
decrease in total body length in the sewage water-treated
groups in comparison with the control. The present study

Table 4: Different parameter’s mean ± standard error of chick embryos given sewage water on 7th day of incubation.

Parameters Trial 1 Observation days
Experimental groups Control groups

p value
A B C D E

Body weight (g)
Phase I 8th day 0:37 ± 0:07b 0:69 ± 0:34b 0:42 ± 0:05b 1:43 ± 0:16a 1:74 ± 0:03a 0.01∗∗

Phase II 9th day 1:42 ± 0:06 1:22 ± 0:08 1:47 ± 0:03 1:28 ± 0:11 1:16 ± 0:09 0.14

Body length (mm)
Phase I 8th day 24:00 ± 1:58b 21:60 ± 1:16b 22:00 ± 1:14b 33:00 ± 2:19a 33:40 ± 1:07a 0.01∗∗

Phase II 9th day 31:00 ± 1:52 30:75 ± 1:10 32:50 ± 1:04 31:40 ± 1:07 31:20 ± 0:58 0.80

Forelimb length (mm)
Phase I 8th day 5:60 ± 0:87ab 3:60 ± 0:81b 4:00 ± 0:70b 6:40 ± 0:748a 7:20 ± 0:37a 0.01∗∗

Phase 2 9th day 6:33 ± 0:33b 7:75 ± 0:47ab 7:62 ± 0:68ab 9:40 ± 0:92a 9:40 ± 0:24a 0.02∗

Hindlimb length (mm)
Phase I 8th day 9:00 ± 0:83b 5:80 ± 0:73c 8:00 ± 1:04bc 10:00 ± 1:0ab 12:00 ± 0:70a 0.01∗∗

Phase II 9th day 12:00 ± 1:52 11:00 ± 0:70 13:25 ± 1:54 14:00 ± 1:73 13:60 ± 0:60 0.49

Head diameter (mm)
Phase I 8th day 4:60 ± 0:24 3:40 ± 0:67 3:40 ± 0:50 4:60 ± 0:67 5:40 ± 0:40 0.06

Phase II 9th day 3:66 ± 0:33b 7:00 ± 0:40a 7:00 ± 0:70a 6:60 ± 0:40a 7:00 ± 0:31a 0.01∗∗

a, b, cValues with a different superscript in row differ significantly (∗p < 0:05, ∗∗p < 0:01).

Table 5: Different parameter’s mean ± standard error of chick embryos given sewage water on 14th day of incubation.

Parameters Trial 2 Observation days
Experimental groups Control groups

p value
A B C D E

Body weight (g)
Phase I 15th day 8:67 ± 1:14 9:56 ± 0:99 11:05 ± 0:37 11:27 ± 0:36 10:87 ± 0:18 0.10

Phase II 16th day 15:58 ± 1:23 15:07 ± 2:14 14:80 ± 0:63 21:93 ± 5:32 18:28 ± 2:26 0.32

Body length (mm)
Phase I 15th day 6:15 ± 0:33 6:26 ± 0:32 6:75 ± 0:10 6:35 ± 0:26 6:38 ± 0:11 0.56

Phase II 16th day 7:66 ± 0:35 6:85 ± 0:59 6:77 ± 0:15 7:73 ± 0:37 7:60 ± 0:32 0.29

Forelimb length (mm)
Phase I 15th day 2:10 ± 0:24 2:54 ± 0:17 2:17 ± 0:21 1:92 ± 0:09 2:44 ± 0:12 0.12

Phase II 16th day 2:96 ± 0:03 2:60 ± 0:23 2:80 ± 0:12 3:10 ± 0:20 2:96 ± 0:24 0.42

Hindlimb length (mm)
Phase I 15th day 2:62 ± 0:11b 2:98 ± 0:03a 3:20 ± 0:07a 3:17 ± 0:16a 3:14 ± 0:07a 0.01∗∗

Phase II 16th day 4:00 ± 0:05 3:45 ± 0:55 4:07 ± 0:11 4:43 ± 0:34 4:56 ± 0:12 0.20

Head diameter (mm)
Phase I 15th day 2:10 ± 0:62 2:54 ± 0:50 2:17 ± 0:75 1:92 ± 0:47 2:44 ± 0:37 0.13

Phase II 16th day 8:66 ± 0:88 8:25 ± 1:03 8:00 ± 0:91 8:50 ± 1:89 8:16 ± 0:83 0.99
a, b, cValues with different superscripts in row differ significantly (∗p < 0:05, ∗∗p < 0:01).
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was also consistent with (Sultana et al., [17])’s findings who
had also observed a decrease in the morphometric parame-
ters, such as total body length and standard length of the fish
Labeo rohita which was inhabiting industrial wastewater
contaminated water of river Ravi, Pakistan.

Mortalities had occurred in all experimental groups
except on the 8th day of incubation (phase I of trial 1). After
24 hours of sewage water treatment, there was less mortality
that occurred in chick embryos. The dose-dependent mor-
tality rate was present in the current investigation, and the

Group A Group B Group C

Group D Group E

Group A Group B Group C

(a)

Group A Group B Group C

Group D Group E

(b)

Group A Group B Group C

Group D Group E

(c)

Group A Group B Group C

Group D Group E

(d)

Figure 1: Effect of sewage water in different sewage water-treated groups (groups A–C) and control groups (groups D and E): (a) chick
embryos on 8th day given sewage water on 7th day of incubation, (b) chick embryos on 9th day administered sewage water on 7th

incubation day, (c) chick embryos on 15th incubation day given sewage water on 14th day of incubation, and (d) Chick embryos on 16th

day injected sewage water on 14th day of incubation.
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Figure 2: Mortality percentage (%) in different sewage water-treated groups and control groups on different observation days.
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