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Background. Breast cancer is one of the most common types of cancer diagnosed and the second leading cause of death among women.
Breast cancer susceptibility proteins of type 1 and 2 are human tumor suppressor genes. Genetic variations/mutations in these two genes
lead to overexpression of human breast tumor suppressor genes (e.g., BRCA1, BRCA2), which triggers uncontrolled duplication of cells
in humans. In addition, multidrug resistance protein 1 (MDR1), an important cell membrane protein that pumps many foreign
substances from cells, is also responsible for developing resistance to cancer chemotherapy. Aim of the Study. The aim of this study
was to analyze some natural compounds or their derivatives as part of the development of strong inhibitors for breast cancer.
Methodology. Molecular docking studies were performed using compounds known in the literature to be effective against BRCA1
and BRCA2 and MDRI, with positive control being 5-fluorouracil, an antineoplastic drug as a positive control. Results. The binding
affinity of the compounds was analyzed, and it was observed that they had a better binding affinity for the target proteins than the
standard drug 5-fluorouracil. Among the compounds analyzed, a-hederin, andrographolide, apigenin, asiatic acid, auricular acid,
sinularin, curcumin, citrinin, hispolon, nerol, phytol, retinol palmitate, and sclareol showed the best binding affinity energy to the
BRCAL, BRCA2, and MDRI proteins, respectively. Conclusions. a-Hederin, andrographolide, apigenin, asiatic acid, auricular acid,
hispolon, sclareol, curcumin, citrinin, and sinularin or their derivatives can be a good source of anticancer agents in breast cancer.

1. Introduction western countries [1] and develops from breast tissue [2].
Most of the breast cancers are sporadic (90-95%); between
Breast cancer is one of the common types of diagnosed can- 5 and 10% can be attributed to genetic predisposition with

cers and the second prime cause of death among women in  patients having a strong family history of the disease [3, 4].
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FIGURE 1: The chemical structure of the screened compounds.

These hereditary breast cancers, a large part about 80-90%
cases, are related to germ line mutations within the BRCAI,
BRCA2, and MDRI gene [5-9]. By DNA repairing, cell cycle
control and transcriptional regulation BRCAI may contrib-
ute to its tumor suppressor activity [10, 11].

BRCA1 and BRCA2 are also human tumor suppressor
genes [6, 12], designed to chromosome 17921 which encodes
a nuclear protein of 1863 amino acids [9] that regulate tran-
scriptional activation, DNA repair, apoptosis, cell-cycle
checkpoint control, and chromosomal remodeling [13]. On
the other hand, BRCA2 located to chromosome 13q12-q13
[14] and coding for a protein of 3418 amino acids [15, 16].
Of the breast cancer susceptibility genes which have been
identified nowadays, BRCA1 and BRCA2 are the most fun-
damental “high-risk” genes with several cases of breast and
ovarian cancer accounting for most of the families [17]. If
BRCAI or BRCA2 is damaged by a BRCA mutation, dam-
aged DNA is not repaired properly, and this increases the
risk for breast cancer [18, 19]. P-glycoprotein 1 (P-gpl),
encoded by multidrug resistance protein 1 (MDR1), is an
important protein of the cell membrane that pumps many
foreign substances out of cells.

Most of the initially responsive breast tumors acquire a
multidrug resistance phenotype [20, 21]. The development
of a multidrug-resistant phenotype in metastatic breast can-
cer is primarily responsible for the failure of current treat-
ment regimens [22, 23]. Resistance to multiple drugs
(MDR) is defined as efflux activity, which may decrease
intracellular chemotherapeutic concentrations, thus explain-
ing the failure of treatment in human cancers [24, 25].
Consequently, P-gp overexpression is one of the main mech-
anisms behind decreased intracellular drug accumulation
and development of MDR cancers [25, 26].

One efficient approach used to screen potential active
compounds against specific target proteins, such as BRCA1

[27], BRCA2 [28] and MDRI1 [29], is molecular docking
simulation [30-37]. Therefore, these are important target
for the design of potential anticancer activity.

2. Computational Methods

2.1. In Silico Prediction of Activity Spectra for Substances
(PASS). Prediction of anticancer activity of 16 natural com-
pounds was done with the help of computer program, PASS
(prediction of activity spectra for substances). Software
estimates predicted activity spectrum of a compound as
probable activity (Pa) and probable inactivity (Pi) [38].
The prediction of activity is based on structure-activity rela-
tionship analysis of the training set containing more than
200,000 compounds exhibiting more than 3800 kinds of
biological activities. The values of Pa and Pi vary between
0.000 and 1.000. Only activities with Pa > Pi are considered
as possible for a particular compound. If Pa > 0.7, the prob-
ability of experimental pharmacological action is high and if
0.5 <Pa < 0.7, probability of experimental pharmacological
action is less. If the value of Pa < 0.5, the chance of finding
the activity experimentally is less, but it may indicate a
chance of finding a new compound [39-41].

2.2. Ligand Preparation. The main phytochemicals and one
approved drug for breast cancer treatment were downloaded
from PubChem in the SDF file format. PubChem is a data-
base for chemical molecules [42] (Figure 1).

The system is maintained by the National Centre for
Biotechnology Information (NCBI), a component of the
National Library of Medicine. By using Gaussian view 09
and Chem3D Prol2.0 program packages [43], all internal
energies of the ligands were optimized.
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FiGUre 2: The three-dimensional structure of (a) BRCA1 (4Y2G), (b) BRCA2 (3EU7), and (c) MDR1 (6C0V).

TasBLE 1: Docking results for some natural compounds against BRCA1, BRCA2, and MDRI proteins.

Compounds BRCAI (4Y2G) BRCA2 (3EU7) MDRI1 (6C0OV)
a-Hederin -6.9 -11.0 -8.3
Andrographolide -6.2 -8.2 -9.2
Apigenin -6.2 -7.7 -9.0
Ascorbic acid -5.1 -5.8 -6.3
Asiatic acid -6.5 -8.9 -8.1
Auricularic acid -6.8 -7.8 -8.5
Citrinin -7.5 -7.6 -7.6
Curcumin -7.2 -6.7 -8.3
Hispolon -7.8 -6.7 -74
Nerol -4.8 -5.8 -5.6
Phytol 49 -6.4 -6.0
Retinol palmitate -5.8 -6.1 -6.2
Sclareol -9.8 -7.2 -6.8
Sinularin -6.5 -9.0 -84
Thymol -5.2 -6.5 -6.7
Thymoquinone -5.2 -6.4 -7.4
5-Fluorouracil -4.6 -5.0 -5.2

TaBLE 2: Docking results for the best binding affinity with BRCA1 (4Y2G) protein for ten compounds.

Drug Binding affinity (kcal/mol) No. of H-bond Residues

—

Sclareol -9.8 Lys1702, Leul657, Leul679, Prel662, Prol659, Vall654

Hispolon -7.8 2 Argl758, Argl762, lle1760, Serl755

Citrinin -7.5 2 Vall654, leul657, Phel662

Curcumin -7.2 1 leul657, Phel662

a-Hederin -6.9 2 VAL1810, GLU1836, PRO1812, ILE1855, PHE1821, HIS1822
Andrographolide -6.2 2 PRO1659, LEU1657, PHE1662

Apigenin -5.8 1 LEU1657, PHE1662, VAL1654, PRO1659
Auricularic acid -6.2 0 PHE1662, VAL1654, PRO1659

Sinularin -6.8 1 LEU1657, PHE1662

Asiatic acid -6.5 2 Leul657, Lys1702, Phel662

5-Fluorouracil -4.5 4 Gly1656, Leul657, Lys1702, Vall654, Phel662
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TaBLE 3: The ten best docking results for the best binding affinity with BRCA2 (3EU7) protein.

Drug Binding affinity (kcal/mol) H-bond Residues

a-Hederin -11.0 6 Val925, Val928, His1061, Pro926, Gly1166, Ala874, Leu970, Lys1062, Pro924
Andrographolide -8.2 4 GIn1020, Gly1021, Leul143, Leul142, Phel071, Leul092, Tyr1064
Asiatic acid -89 2 Gly1166, Vall123, Pro924, Pro926

Sinularin -9.0 0 Leull143, Vall073, Leul092, Leul142, Tyr1064, Phel071
Auricularic acid -7.8 0 Leul092, Leul143, His1126, Phel071, Tyr1064
Apigenin -7.7 3 Asp927, Val928, Trp1164,Lys1124, Pro824, Pro926
Citrinin -7.6 2 GIn1020, Glul066, Leul092, Leul142, leul143, Phel071, Tyr1064
Sclareol -7.2 1 Leul142, Leul092, leul143, Phel071, Tyr1064
Curcumin -6.7 1 Glul066, leul143, Phel071, Tyr1064

Hispolon -6.7 3 Gly1166, Val925, Val928, Met875

5-Fluorouracil -5.0 3 Val925, Val928, Asp927

2.3. Protein Collection. The crystal structures of proteins
including BRCA1 (4Y2G) [27], BRCA2 (3EU7) [28], and
MDRI1 (6C0V) [29] (Figure 2) were collected from the
Protein Data Bank (PDB) database [44]. For the purpose
of energy minimization crystal structure, we utilized
Swiss-PDB Viewer software package (version 4.1.0), and
then, all the heteroatoms and water molecules of proteins
are removed by using PyMOL (version 1.7.4.5) before
docking [45]. Both the proteins and drug structures, for
the analysis of docking results, are taken into PDBQT for-
mat finally [46].

2.4. Docking Analysis and Determination of Binding Site.
In in silico study, molecular docking is a brilliant instru-
ment which is used for predicting the drugs candidate’s
pharmacodynamics profile by scoring and orienting them
to the receptor binding sites [47]. Docking result deter-
mines the measure of ligand interaction to the active site
of the targeted protein. The docking outcome specifies
the degree of ligand interaction with the desired pro-
tein’s active site. The active binding sites of the target
protein are the locations of the ligand in the initial tar-
get protein grids (40 x 40 x 40), with PyMOL, AutoDock
Vina [48, 49], and the active sites are the coordinates
of the target protein ligand, and these active target pro-
tein binding sites were analyzed using Drug Discovery
Studio version v.20.1.0.19295 and 3D Ligand Site Vir-
tual Tool [50, 51].

3. Results and Discussion

3.1. Binding Energy of the Ligand-Protein Complex. The
docking is essential to predict the stronger binder and
virtually screen a database of compounds. The com-
pounds a-hederin, andrographolide, apigenin, ascorbic
acid, asiatic acid, auricularic acid, citrinin, curcumin, his-
polon, nerol, phytol, retinol palmitate, sclareol, sinularin,
thymol, thymoquinone, and 5-fluorouracil displayed bind-
ing energy including -6.9, -6.2, -6.2, -5.1, -6.5, -6.8, -7.5,
-7.2, -7.8, -4.8, -4.9, -5.8, -9.8, -6.5, -5.2, -5.2, and -4.6

(kcal/mol), respectively, against BRCA1l (4Y2G). Here,
asiatic acid had the highest binding energy compared to
the other compounds.

On the contrary, a-hederin, andrographolide, apigenin,
ascorbic acid, asiatic acid, auricularic acid, citrinin, curcu-
min, hispolon, nerol, phytol, retinol palmitate, sclareol, sinu-
larin, thymol, thymoquinone, and 5-fluorouracil, against
BRCA2 (3EU7), exhibited binding energy including -11.0,
-8.2, -7.7, -5.8, -8.9, -7.8, -7.6, -6.7, -6.7, -5.8, -6.4, -6.1,
-7.2, -9.0, -6.5, -6.4, and -5.0 (kcal/mol). In this case,
a-hederin produced the highest binding energy compared
to the other compounds.

Moreover, a-hederin, andrographolide, apigenin,
ascorbic acid, asiatic acid, auricularic acid, citrinin, cur-
cumin, hispolon, nerol, phytol, retinol palmitate, sclareol,
sinularin, thymol, thymoquinone, and 5-fluorouracil
showed binding energy including -8.3, -9.2, -9.0, -6.3,
-8.1, -85, -7.6, -8.3, -74, -5.6, -6.0, -6.2, -6.8, -84,
-6.7, -7.4, and -5.2, respectively, against MDR1 (6C0V)
(Table 1). The compound andrographolide displayed
the highest binding energy compared to the other
compounds.

3.2. Interaction and Binding Affinity of Compounds
towards BRCAI1 (4Y2G) Protein. Here, the ten Dbest
natural compounds such as sclareol, hispolon, citrinin,
curcumin, a-hederin, andrographolide, apigenin, auricu-
laric acid, and sinularin exhibited the binding affinities
-98, -78, -75, -72, -69, -62, -58, -6.2, -6.8, and
-6.5kcal/mol (Table 2), respectively. Sclareol generated
higher binding energy compared to the other deriva-
tives against BRCA1 (4Y2G). The noncovalent interac-
tions were calculated using Discovery Studio Software
demonstrated that all the compounds exhibited both
hydrogen and hydrophobic bonds that not only pro-
moted the binding affinity but also improved binding
specificity.

The compound, sclareol, showed strong hydrogen
bonding with Lys1702 and hydrophobic interactions with
Leul657, Leul679, Prel662, Prol659, and Vall654
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TaBLE 4: The ten best docking results for the best binding affinity with MDR1 (6C0V) protein.

Binding affinity

Drug (keal/mol) H-bond Residues

a-Hederin 83 ) LYS48, MET51, ALA233, ILE352, ILE190, PHE37, TRP136,
PHE193, PHE194, PHE355

Andrographolide -9.2 4 SER434, THR906, GLN475, LEU1176, ASN903, ARG905

Apigenin -9.0 1 TYR310, PHE728, PHE732, LEU339, PHE335, PHE759, LEU339

Auricularic acid -8.5 1 LYS234, ALA233, ILE352, ILE190, PHE37, PHE193, PHE194, PHE355

Asiatic acid -8.1 3 GLU564, SER1071, VAL1052, PHE512

Sinularin -8.4 3 GLN1118, GLU1119, SER1117, ALA529, LYS536

Curcumin -8.3 3 Arg905, Asp1171, Lys1172, Vall68

Citrinin -7.6 2 Aspl64, Arg905, Aspl124, Val168

Hispolon -7.4 2 His166, Phe904, Phel63, Thr1174

Thymoquinone -7.4 1 Phe904, PHE194, PHE355, Asp1124, Vall68

5-Fluorouracil -5.2 4 Arg905, Glu902, 1le901, Phe904, Phel63, Val168

residues but hispolon and citrinin exhibited only one
strong H-bond with Argl758, Argl762, Vall654, and
leul657, respectively, as well as hydrophobic interactions
with Ile1760 and Ser1755 for hispolon and with Phel662
for citrinin. Curcumin exhibited one hydrogen bond with
leul657 and one hydrophobic bond with Phel662,
whereas 5FU exerted four H-bonds (Glyl656, Leul657,
Lys1702, and Val1654) and other hydrophobic interactions
(Phel662) with BRCAL. The other compounds have
several hydrophobic interactions with BRCA1 protein res-
idues (Table 2). The 2D and 3D structures of nonbond
interactions are given in Figure 3.

3.3. Interaction and Binding Affinity of Compounds
towards BRCA2 (3EU7) Protein. The binding affinities of
a-hederin, andrographolide, asiatic acid, sinularin, auricu-
laric acid, apigenin, citrinin, sclareol, curcumin, and his-
polon are -11.0, -8.2, -89, -9.0, -7.8, -7.7, -7.6, -7.2,
-6.7, and -6.7 kcal/mol (Table 3), respectively. In compar-
ison to a-hederin, the other compounds showed lower
binding results and a-hederin exhibited -11.0kcal/mol
against BRCA2 (3EU7). The nonbond interactions using
the Discovery Studio Software suggested that these com-
pounds with BRCA2 have both hydrogen and hydropho-
bic interactions (Figure 4) that successfully augmented the
binding interactions. We found six strong hydrogen
bonds (Table 3) including carbon and conventional H-
bonds with amino residues including Val925, Val928,
His1061, Pro926, Glyl166, and Ala874 in the a-hederin
compound; four hydrogen bonds with GIn1020,
Gly1021, Leull43, and Leull42 in andrographolide; and
two hydrogen bonds with GLY1166 and VAL1123 in asi-
atic acid. In a-hederin, several hydrophobic interactions
such as alkyl bonds were observed with Leu970,
Lys1062, and Pro924.

On the other hand, andrographolide exhibited one
pi-sigma bond with Phel071 as well as alkyl and pi-
alkyl with Leul092 and Tyrl064 residues. Besides,

asiatic acid generated two alkyl bonds with Pro924
and Pro926. Sinularin had several hydrophobic interac-
tions with Leull43, Vall073, Leul092, Leull42,
Tyr1064, and Phel071 residues (Figure 4). The 2D and
3D structures of nonbond interactions are given in
Figure 4.

3.4. Interaction and Binding Affinity of Compounds
towards MDR1 (6COV) Protein. The binding affinities
of these six compounds including a-hederin, androgra-
pholide, apigenin, asiatic acid, auricularic acid, and
sinularin, curcumin, citrinin, hispolon, thymoquinone
are -8.3, -9.2, -9.0, -85, -8.1, -84, -83, -7.6, -7.4, and
-7.4kcal/mol, respectively (Table 4). Among those com-
pounds, the andrographolide exhibited significantly
improved binding energy compared to the other com-
pounds binding with MDRI1 protein. Herein, the non-
bond interactions were performed by utilizing the
Discovery Studio Software and we found that both
drugs had efficient interactions with amino acid residues
and both drugs showed strong hydrogen bonding
(Table 4) with amino residues (Figure 5) including o-
hederin with Lys48 and Met51; andrographolide with
Ser434, GlIn475, and Leull76; apigenin with Tyr310;
and auricularic acid with Lys234.

These hydrogen bonds promoted the nonbond interac-
tions. Beyond the H-bond interactions, hydrophobic inter-
actions play a crucial function in nonbond interaction and
in this study, we observed several hydrophobic interactions
(Table 4) and the residues including ALA233, ILE352,
ILE190, PHE37, TRP136, PHE193, PHE194, and PHE355
with a- hederin; Thr906, Asn903, and Arg905 with andro-
grapholide; PHE728, PHE732, LEU339, PHE335, PHE759,
and LEU339 with apigenin; Ala233, Ile352, 1le190, Phe37,
Phel93, Phel94; and Phe355 with auricularic acid. The
2D and 3D structures of nonbond interactions are given
in Figure 5.
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4. Conclusion

It can be concluded from the overall study that a-hederin,
andrographolide, apigenin, asiatic acid, auricularic acid,
and sinularin have potent inhibitory activity against cancer
proteins (BRCA1, BRCA2, and MDRI1) compared to the
other compounds. All the compounds exhibited significant
binding energies and the noncovalent bonds compared to
the other compounds. Nevertheless, a-hederin, androgra-
pholide, apigenin, asiatic acid, auricularic acid, and sinularin
successfully docked with BRCA1, BRCA2, and MDRI pro-
teins as these compounds have the activity for inhibiting
cancer. The nonbonding interactions can effectively target
the proteins for the inhibition of cancer. We have claimed
from the overall studies that a-hederin, andrographolide,
apigenin, asiatic acid, auricularic acid, and sinularin will be
the best conformer for BRCAl, BRCA2, and MDRI-
conduced cancer for the future researchers. Our findings,
in this way, could be manifested in clinical practice.

Abbreviations

BRCA1: Breast tumor suppressor gene 1

BRCA2: Breast tumor suppressor gene 2

MDR:  Multiple drug resistance

MDRI: Multidrug resistance protein 1
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Although many anticancer drugs have been developed for triple-negative breast cancer (TNBC) treatment, there are no obvious
therapies. Moreover, the combination of epidermal growth factor receptor- (EGFR-) targeted therapeutics and classical
chemotherapeutic drugs has been assessed in clinical trials for TNBC treatment, but those are not yet approved. Our serial
studies for newly developed herbal medicine named SH003 provide evidence of its broad effectiveness in various cancers,
especially on TNBC. The current study demonstrates a synergic effect of combinatorial treatment of SH003 and docetaxel
(DTX) by targeting EGFR activation. The combinatorial treatment reduced the viability of both BT-20 and MDA-MB-231
TNBC cells, displaying the synergism. The combination of SH003 and DTX also caused the synergistic effect on apoptosis.
Mechanistically, the cotreatment of SH003 and DTX inhibited phosphorylation of EGFR and AKT in both BT-20 and MDA-
MB-231 cells. Moreover, our xenograft mouse tumor growth assays showed the inhibitory effect of the combinatorial treatment
with no effect on body weight. Our immunohistochemistry confirmed its inhibition of EGFR phosphorylation in vivo.
Collectively, combinatorial treatment of SH003 and DTX has a synergistic anticancer effect at a relatively low concentration by
targeting EGFR in TNBC, indicating safety and efficacy of SH003 as adjuvant combination therapy with docetaxel. Thus, it is
worth testing the combinatorial effect in clinics for treating TNBC.

1. Introduction

Breast cancer is the leading cause of cancer-related death
among women worldwide and has first surpassed lung can-
cer, with an estimated 2,261,419 new cases and 684,996
deaths in 2020 [1]. Breast cancer is commonly classified into
three subtypes based on the expression status of estrogen
receptor (ER), progesterone receptor (PR), and human epi-
dermal growth factor receptor 2 (HER2). Among these sub-
types, triple-negative breast cancer (INBC) is characterized

by an absence of ER and PR and a lack of HER2 overexpres-
sion. Although other breast cancer subtypes including ER
+/PR+/HER2-, ER+/PR-/HER2-, and HER2 overexpression
have been managed by targeted therapy such as endocrine
therapy and anti-HER2 therapy with improved prognosis,
there are no effective therapeutic ways for TNBC [2-4].
Epidermal growth factor receptor (EGFR) suffers auto-
phosphorylation at multiple tyrosine residues via its interac-
tion with its endogenous ligand and activates downstream
signaling pathways including ERK, AKT, and STAT3 [5].
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Therefore, EGFR-mediated events are multifaceted in the
cells. EGFR is overexpressed in TNBC, thereby being pro-
posed as a therapeutic target [6]. While BRCA mutation
appears to be linked to EGFR overexpression in TNBC,
underlying mechanisms are still unclear [7, 8]. Moreover,
gain-of-function mutations of EGFR are not broadly
detected in TNBC patients [9]. EGFR-targeting agents such
as gefitinib, erlotinib, osimertinib, and cetuximab are often
used in clinics. Although EGFR-targeting agents are cur-
rently approved for nonsmall cell lung cancer (NSCLC) on
the basis of their effectiveness, the response is limited to
patients with gain-of-function mutations of EGFR such as
exon 19 deletion and L858R mutation [10]. Those agents
are not working in NSCLC with wild-type EGFR overexpres-
sion, which is a reason that those agents fail in TNBC treat-
ment even though molecular and cellular mechanisms are
completely unclear [11-13]. Nevertheless, clinical trials eval-
uating the effect of EGFR-targeting agents in combination
therapies with chemotherapies are still conducted for TNBC
treatment [14].

Docetaxel (DTX), a semisynthetic analog of paclitaxel
isolated from European yew (Taxus baccata), is one of che-
motherapeutics that causes cell cycle arrest by interfering
with microtubules functions [15, 16]. DTX was first
approved for the treatment of cancer such as breast, ovar-
ian, and nonsmall cell lung cancer, and especially used in
treatment of TNBC or early stage of human breast cancers
[17]. Even though DTX is the effective anticancer drug,
most chemotherapeutic agents including DTX have faced
to limitations such as drug resistance, cancer recurrence,
and adverse effects [18, 19]. Therefore, it is urgent to
enhance the effectiveness of DTX in TNBC treatment with
no adverse effect. One of therapeutic ways is likely to reduce
its dose, which could ameliorate adverse effects with keep-
ing its effectiveness.

SHO03 is an herbal mixture consisting three herbs Astrag-
alus membranaceus (Am), Angelica gigas (Ag), and Tricho-
santhes Kirilowii Maximowicz (Tk), which has been
developed as a novel anticancer drug against several cancers
including prostate, cervical, pancreatic, and breast cancer
[20-22]. Especially, SH003 inhibits the growth of MDA-
MB-231 TNBC cell line by inducing apoptosis followed by
autophagy, both in vitro and in vivo [23]. Moreover, a com-
bination of SH003 and doxorubicin exhibits synergistic effect
on TNBC [24]. In addition, SH003 sensitizes paclitaxel-
resistant ER-positive MCF7 cells to paclitaxel by inhibiting
p-glycoprotein (MDR1) activity [25]. Based on the chemo-
therapeutic effect of SH003 or DTX on TNBC, we hypothe-
sized that SHO03 treatment combined with DTX may be
effective for treatment of TNBC.

The present study is aimed at evaluating the synergistic
effect of SH003 and DTX in TNBC cells. We showed that
cotreatment of SH003 and DTX synergistically enhances
apoptotic cell death in BT-20 and MDA-MB-231 cells. Both
in vitro and in vivo studies demonstrated that blocking
EGEFR signaling is a key in the inhibitory mechanism of
combination therapy. These findings suggest that combina-
tion of SH003 and DTX would be one of beneficial therapeu-
tic strategy for TNBC treatment.
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2. Materials and Methods

2.1. SH003, Chemicals, and Reagents. SHO03 was prepared
as described in our previous study [26]. In brief, SH003
was provided from Hanpoong Pharm and Foods Company
(Jeonju, Republic of Korea). Am, Ag, and TK were mixed
at 1:1:1 ratio (w/w) and then extracted with 30% ethanol
at 100°C for 3h. Dried extracts were dissolved in 30% eth-
anol and stored at —80°C until use. DTX (Sigma-Aldrich,
St. Louis, MO, USA) was dissolved in DMSO and stored
at —20°C.

Thiazolyl blue tetrazolium bromide (MTT) powder was
purchased from Sigma-Aldrich (St. Louis, MO, USA).
FITC-conjugated Annexin V apoptosis Detection Kit and
7-aminoactinomycin D (7-AAD) were purchased from BD
Pharmingen™ (BD Biosciences, San Jose, CA, USA) and
Sigma-Aldrich (St. Louis, MO, USA), respectively. Antic-
leaved caspase-3, -PARP, -GAPDH, -p-EGFR (Tyr 1068),
-p-EGEFR (Tyr 1173), -EGEFR, -p-AKT (Ser 473), -AKT, -p-
C-Raf (Ser 338), -p-STAT3, and -STAT3 antibodies were
purchased from Cell Signaling (Danvers, MA, USA). Anti-
p-ERK and ERK antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Anti-Ki67 and CD31
antibodies were purchased from Abcam (Cambridge, MA,
USA). Horseradish peroxidase- (HRP-) conjugated second-
ary antibodies for mouse and rabbit were purchased from
SeraCare Life Sciences (Milford, MA, USA).

2.2. Cell Culture. Human breast cancer BT-20 and MDA-
MB-231 cell lines were purchased from Korean Cell Line
Bank (Seoul, Republic of Korea) and cultured in DMEM
or RPMI-1640 medium (WelGENE, Daegu, Republic of
Korea) supplemented with 10% fetal bovine serum (JR Sci-
entific, Inc., Woodland, CA, USA) and 1% penicillin/strep-
tomycin solution (WelGENE, Daegu, Republic of Korea).
The cells were maintained at 37°C in 5% CO,/95% air
with 100% humidity.

2.3. MTT Assay and Combination Index Analysis. BT-20 and
MDA-MB-231 cells were seeded in 96-well plates and then
treated with SH003 (100, 300, and 500 ug/mL), DTX (1,
10, 100, and 1000 nM), or combination. After 24 h incuba-
tion, cell viability was measured by MTT assay with an
absorbance at 570 nm. The interaction (synergistic, additive,
and antagonistic effects) between SHO003 and DTX was
assessed by combination index (CI) analysis using Compu-
syn software (ComboSyn, Inc., Paramus, NJ, USA) (http://
www.combosyn.com). CI value was calculated by the equa-
tion as follows [27]:

: (1)

(D,), is the dose of SH003 alone that inhibits ,%. (D,),
is the dose of DTX alone that inhibits ,%. (D), the portion of
SHO003 in combination SH003 and DTX also inhibits ,%.
(D), is the portion of DTX in combination SH003 and
DTX also inhibits ,%. “CI < 17, “CI =17, and “CI > 1” mean
synergistic, additive, and antagonistic effect, respectively.


http://www.combosyn.com
http://www.combosyn.com

BioMed Research International

2.4. Apoptosis Analysis by Flow Cytometry. Apoptotic cell
death was analyzed by Annexin V/7-AAD double staining.
Cells were stained with Annexin V followed by staining with
7-AAD in the dark for 15 min at room temperature. Stained
cells were detected by FACSCalibur (BD Biosciences, San
Jose, CA, USA), and apoptotic cells were analyzed using
CellQuest Pro version 5.2 (BD Biosciences, San Jose, CA,
USA) software.

2.5. TUNEL Assay. DNA fragmentation was measured
using TUNEL assay (Abcam, Cambridge, MA, USA),
according to the manufacturer’s protocol. After the treat-
ment with SH003, DTX, or combination for 24 h, the cells
were harvested and fixed in 4% paraformaldehyde (PFA)
for 15min at 4°C. The cells were washed with PBS, resus-
pended in 100uL of PBS, and then added 1mL of 70%
EtOH for 30min on ice. Subsequently, the cells were
washed twice in wash buffer and incubated with 50 uL of
DNA labeling solution containing TdT enzyme and Br-
dUTP for 1h at 37°C. The cells were added rinse buffer
and centrifuged. Then, the samples were resuspended in
50 uL of anti-BrdU-Red antibody solution for 30 min at
room temperature in the dark. Stained cells were diluted
with rinse buffer and analyzed in FL-2 channel by flow

cytometry.

2.6. Transfection. Cells were seeded in 6-well plate and trans-
fected with 1.5ug pCDNA3-Myr-HA-AKT2 (addgene
#9016) plasmid using lipofectamine 3000 (Invitrogen, CA,
USA). Cells were incubated in 10% FBS/antibiotic-free
media for 24h and then trypsinized and seeded for addi-
tional studies.

2.7. Western Blotting. Total protein was extracted with RIPA
buffer containing 50 mM Tris-HCI (pH7.5), 150 mM NaCl,
1% triton X-100, 2mM EDTA, 0.1% SDS, and 1% sodium
deoxycholate. Protein concentration was quantified by Brad-
ford assay, and proteins were separated on 8-12% SDS-
PAGE. Separated proteins were transferred to nitrocellulose
membrane and blocked with 5% skim milk in PBS-T at
room temperature for 1h. The membrane was incubated
with primary antibodies at 4°C overnight, washed, and incu-
bated with horseradish peroxidase-conjugated secondary
antibody for 1h. Proteins were measured using the EZ-
western detection kit (Dogen-Bio, Seoul, Republic of Korea).

2.8. In Vivo Studies. All animal studies were approved by
Kyung Hee University Institutional Animal Care and Use
Committee (KHU-IACUC). Five-week-old female BALB/c
nude mice were purchased from Nara Biotech (Seoul, Repub-
lic of Korea). Mice were given to access to food and drinking
water ad libitum and were housed in appropriate isolated
cage under pathogen-free condition with 12 h light/12h dark
cycle at room temperature (22-25°C). To establish tumor
xenograft mouse model, BT-20 cell suspension (1 x 107 cells)
in 100 uL PBS was subcutaneously inoculated in the right
flank of mice. Based on no observed adverse effect of levels
(NOAEL) of SH003 from phase 1 clinical study (4,800 mg/
day) and maximum tolerable dose of DTX (75 mg/mz) in
cancer patients (NCT03081819) [28], animal equivalent dose

was determined by following equation: Human equivalent
dose (mg/kg) = Animal dose (mg/kg) * (Weight, ;. [kgl/
Weight, . [kg])""”*) [29]. Human and mice weights are
65kg and 0.02kg, respectively. Based on Kleiber’s law [30],
exponent for body surface area is 0.75, which account for dif-
ference in metabolic rate. Mice were divided into four groups;
control (n=3), SHO03 (n=4), DTX (n=4), and SH003 +
DTX (n=5). When tumor volume reached at 100 mm>,
drugs were injected. DTX was administrated intravenously
via tail vein once a week with 15.277 mg/kg, while DMSO
to control or SH003 alone group. SH003 was orally treated
three times a week with 557.569 mg/kg, while saline to con-
trol or DTX alone group. Body weights were measured three
times a week, and tumor volumes were analyzed daily for 17
days. Tumor volume was calculated using the formula: widt
h? x length/2. The mice were euthanized, and tumors were
isolated. Tumor tissues were fixed and embedded in paraffin.
For hematoxylin and eosin (H&E) staining, tissues mounted
on slide glasses were incubated with H&E solution. The
immunohistochemical analysis was performed using Vectas-
tain ABC-AP staining kit according to manufacturer’s
instruction (Vector Laboratories, Burlingame, CA USA).
The slide was stained with Ki-67, CD31, p-EGFR (Tyr
1068), and cleaved caspase-3 after performing heat-induced
antigen retrieval using sodium citrate buffer (pH 6.0). Images
of H&E and IHC were obtained with microscope (Carl Zeiss,
Germany) at a magnification of 40x.

2.9. Statistical Analysis. Data were shown as the mean and
standard deviation from at least three experiments. The sta-
tistical differences of means among the groups were analyzed
by one-way ANOVA followed by Dunnett’s or Bonferroni’s
test. P value < 0.05 means statistically significant differences.

3. Results

3.1. Synergistic Effect of SHO03 and DTX on TNBC Cell
Viability. We first investigated the cytotoxic effect on TNBC
cells by either SH003 or DTX. BT-20 and MDA-MB-231 cells
were exposed to various concentrations of either SH003 or
DTX for 24h. SH003 did not affect the viabilities of both
BT-20 and MDA-MB-231 cells, as the viabilities were about
83% and 98% at 500 ug/mL dose, respectively (Figures 1(a)
and 1(b)). However, DTX decreased the viabilities of both
BT-20 and MDA-MB-231 cells in a dose-dependent manner
(Figures 1(c) and 1(d)). Moreover, cotreatment of SH003
with DTX significantly inhibited the viability of TNBC cells,
although not show a dose-dependent effect in cell survival
(Figures 1(e) and 1(f)). To identify whether SHO03 has the
synergistic effect with DTX, the combination index (CI)
value of drug pair was evaluated (Tables 1 and 2).

The highest synergistic effects in BT-20 and MDA-MB-
231 cells were observed in combination of SHO003 at
100 ug/mL and DTX at 10 nM (CI: 0.24) and in combination
of SHO03 at 100 pg/mL and DTX at 100 nM (CI: 0.1), respec-
tively (Figures 1(e) and 1(f)). These findings indicated that
SHO003 and DTX have the synergistic effect at a relatively
low concentration of DTX by blocking excessive toxicity
accumulation.


https://clinicaltrials.gov/ct2/show/NCT03081819
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FiGurg 1: Combinatorial treatment of SH003 and DTX shows the synergic effect on TNBC cells. (a, b) BT-20 and MDA-MB-231 cells were
treated with SH003 (100, 300, and 500 pg/mL) for 24 h. Cell viability was measured by MTT assay. (c, d) Cells were treated with DTX (1, 10,
100, and 1000 nM) for 24 h and then MTT assay was performed. (e, f) Cells were cotreated with SH003 and DTX at the indicated doses for
24h and analyzed by MTT assay. The combination index (CI) was calculated using CompuSyn software. CI < 1, CI =1, and CI > 1 indicate
synergistic, additive, and antagonistic effects, respectively. Also, Fa refers to inhibitory rate. Data represent three independent experiments.
One-way ANOVA was used to compare the results, P < 0.05, **P < 0.01 vs. control.

TaBLE 1: Combination index value of SHO03 and DTX in BT-20
cells.

TaBLE 2: Combination index value of SH003 and DTX in MDA-
MB-231 cells.

Drug BT-20 Drug MDA-MB-231

DTX (nM) SHO003 (pg/mL) Combination index (CI) DTX (nM) SHO003 (pg/mL) Combination index (CI)
100 0.44311 100 1.85E20

1 300 0.70508 1 300 5.90E23
500 1.14198 500 7.01930
100 0.23670 100 3.82112

10 300 0.70086 10 300 3.16236
500 1.14927 500 1.17233
100 0.35019 100 0.09965

100 300 1.05284 100 300 0.27457
500 1.57479 500 0.42340
100 1.12051 100 0.19020

1000 300 4.74933 1000 300 0.45114
500 10.8015 500 0.57037

3.2. Combination of SH003 and DTX Induces the Apoptotic
Cell Death. To examine apoptosis, BT-20 and MDA-MB-
231 cells were treated with SH003 and/or DTX for 24h,
and then apoptosis was analyzed by flow cytometry. In
Figures 2(a) and 2(b), the results showed that combined with
SH003 and DTX induces apoptosis in both cells. In BT-20
cells, the combinatorial treatment enhanced the level of the
early and late apoptotic cells, compared with SHO003 or
DTX alone (Figure 2(a)). Similarly, the combination of
SH003 and DTX increased levels of cleaved PARP and
cleaved caspase-3, which is known to marker of early apo-
ptosis processes (Figure 2(c)). As shown in Figure 2(b), we
observed that the cotreatment showed a similar increase in
the early and late apoptotic cells (about 24%) with DTX

(about 23%), while the increase in late apoptotic cells was
higher in combinatorial treatment than in DTX. Also, apo-
ptosis markers were induced by both DTX and cotreatment
(Figure 2(d)). These results suggest that apoptosis process in
MDA-MB-231 is distinct from BT-20. Therefore, we further
performed the TUNEL assay to assess the induction of late
apoptosis by combination treatment in MDA-MB-231 cells.
The TUNEL assay can detect the DNA fragmentation, which
is a representative marker occurred in end process of apo-
ptosis [31, 32]. In BT-20 cells, SH003, DTX, and combina-
tion treatment increased the TUNEL positive cells, but
there was no synergistic effect of combination treatment.
On the other hand, the combination of SH003 and DTX
caused an increase in TUNEL positive cells (about 10%)
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F1GURE 2: Combinatorial treatment of SH003 and DTX induces apoptotic cell death in TNBC cells. Cells were treated with SH003 (100 pg/
mL), DTX (10 nM or 100 nM), or combination for 24 h. (a, b) Apoptosis was analyzed by flow cytometry. The bar graph indicates apoptotic
cells and data were shown as the mean + SD on three independent experiments. (c, d) Protein expression levels were determined by western
blotting. The relative expression of apoptosis-related proteins was quantified using Image J software and normalized to GAPDH. Data are
means + SD on three independent experiments. (e) Cells were treated with SH003 (100 #g/mL), DTX (10 nM or 100 nM), or combination
for 24 h. DNA fragmentation was detected using TUNEL assay and analyzed by flow cytometry. The bar graph shows the TUNEL positive
cells. Data are expressed in the mean + SD from three independent experiments and evaluated by one-way ANOVA, %P < 0.05, %P < 0.01

vs. control.

than DTX single (about 6%) in MDA-MB-231 cells
(Figure 2(e)), indicating that combination treatment syner-
gistically induces apoptotic cell death and especially is
mediated by late apoptosis process in MDA-MB-231 cells
and early/middle apoptosis in BT-20 cells. Taken together,
these results demonstrated that combination treatment pro-
motes the sensitivity of SH003 or DTX on TNBC cell by
increasing the apoptosis.

3.3. SH003 Combined with DTX Induces Apoptosis through
EGFR-AKT Signaling Pathway. EGFR is overexpressed in
TNBC cells [6], and EGFR-targeted therapeutics have been
developed for treatment [33]. Therefore, we investigated if
the combination of SH003 and DTX inhibits EGFR signaling
pathway. As shown in Figures 3(a) and 3(b), combinatorial
treatment of SH003 and DTX inhibited phosphorylation of
EGFR in both BT-20 and MDA-MB-231 cells. AKT, Raf/
ERK, and STAT3 are downstream signaling factors of

EGFR-mediated signaling and known to activate tumor
growth and metastasis [34]. Furthermore, many studies have
been focused on AKT, ERK, and STAT3 as therapeutic tar-
gets in TNBC cells [35-37]. Therefore, we assessed whether
combination of SH003 and DTX regulates downstream
pathway of EGFR. Compared with SH003 or DTX alone,
combinatorial treatment decreased phosphorylation of
AKT in both BT-20 and MDA-MB-231 cells. However, the
combinatorial treatment inhibited phosphorylation of Raf/
ERK and STAT3 only in BT-20 cells (Figures 3(c) and
3(d)), suggesting that molecular module of EGFR-mediated
downstream signaling may be different between BT-20 and
MDA-MB-231 cells.

Next, we examined whether inhibited EGFR-AKT sig-
naling pathway is directly related to cell death mechanism
by combinatorial treatment. Upon epidermal growth factor
(EGF) binds to EGFR, it activates AKT-mediated cancer cell
proliferation and metastasis. As shown in Figure 4(a), the
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FIGURE 3: SH003 combined with DTX inhibits EGFR activation and EGFR downstream pathways. Cells were treated with SH003, DTX, or
combination for 30 min. (a, b) Western blotting of EGFR in BT-20 and MDA-MB-231 cells. The bar graph indicates the relative protein
expression and normalized to total EGFR. (¢, d) Western blot analysis of EGFR downstream pathways in BT-20 and MDA-MB-231 cells.
The relative expression of proteins was measured by Image ] software. The data represent mean + SD on three independent experiments.

*P <0.05, **P <0.01 vs. control.

effect of combination was blocked by EGF treatment in two
breast cancer cells. EGF treatment abolished the EGFR and
AKT inactivation by combination treatment, but also
increased apoptosis markers were inhibited by EGF
(Figures 4(b) and 4(c)). Also, EGF rescued both BT-20 and
MDA-MB-231 cells from the apoptosis induction by
SH003 and DTX (Figure 4(d)), suggesting the inhibition of
EGEFR signaling involved in apoptotic cell death and AKT
inhibition by the combined treatment. We then found the
effect of downstream AKT on breast cancer cell death. In
Figure 4(e), when AKT was overexpressed, the combination

of SH003 and DTX increased the cell viability compared to
the control group in BT-20 and MDA-MB-231 cells. In
addition, AKT-overexpressed cells prevented the cleavage
of PARP, an apoptotic marker, under combination treat-
ment (Figures 4(f) and 4(g)). Based on these results, we sug-
gest that EGFR-AKT pathway is likely to be the main targets
of SH003-DTX combination treatment on breast cancer.

3.4. Combination with SH003 and DTX Suppresses the
Tumor Growth and EGFR Phosphorylation In Vivo. To
investigate the efficacy of SH003 combined with DTX
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F1GURE 4: Combination treatment induces the apoptotic cell death through EGFR-AKT signaling suppression. Cells were pretreated with
EGF (100 ng/mL) in serum-free media for 15min and then treated with SH003 (100 yg/mL) and DTX (10nM or 100nM) for 24 h. (a)
Cell viability was measured by MTT assay. (b, c) Cells were harvested with 2x sample buffer and indicated proteins were analyzed by
western blotting. The bar graph indicates the relative protein expression and normalized to GAPDH. (d) After drug treatment for 24h,
cells were harvested and stained with Annexin V/7-AAD. Apoptosis was analyzed by flow cytometry. (e) Cells were transfected with
pCDNA3-Myr-HA-AKT?2 plasmid for 24 h. And then cells were treated with SH003 and DTX for 24 h. Cell viability was analyzed using
MTT assay. (f, g) Apoptosis marker and the expression of AKT phosphorylation were detected by western blotting. The results represent

mean + SD on three independent experiments. P < 0.05, **P < 0.01.

in vivo, we observed antitumor effect in BT-20 breast cancer
xenograft mouse model. Combinatorial treatment of SH003
(557.57 mg/kg) and DTX (15.28 mg/kg) most effectively sup-
pressed tumor growth (Figure 5(a)). Consistently, the com-
binatorial treatment reduced tumor weight and size
(Figure 5(b)). However, those drugs did not affect body
weight (Figure 5(c)).

Our immunohistochemistry confirmed that the combi-
natorial treatment effectively blocked tumor growth, as it
reduced Ki67-positive cell numbers but increased cleaved
caspase-3-positive cell numbers (Figure 6, second and third
rows). Accordingly, the combinatorial treatment reduced
CD31-positive cell numbers (Figure 6, the fourth row).
Moreover, the combinatorial treatment reduced the number
of cells expressing EGFR phosphorylation at Tyr 1068
(Figure 6, the fifth row).

4. Discussion

Although DTX has been used in treatment of many cancer
patients, high dose of DTX induces severe side effects

including anemia, peripheral neuropathy, and nausea.
Moreover, low sensitivity and acquired drug resistance of
DTX are still problems [38, 39]. For enhancing the effec-
tiveness of DTX, studies about the combination therapy
have been investigated in clinical models, especially in
TNBC patients [40, 41]. In this study, we evaluated the syn-
ergistic effect of SH003 and DTX in TNBC cell lines and
found that SH003 enhances the anticancer effect of DTX
by inducing apoptosis and inhibiting the EGFR-AKT sig-
naling pathway of TNBC in vitro and in vivo with no
adverse effect (Figure 7).

In combination therapeutics with synthetic drugs, role of
natural products is highly significant due either to a promo-
tion in bioavailability and to a reduction of drug dose via
synergistic effect [42]. Natural agents such as curcumin,
20S-protopanaxadiol, and flavonoids showed the combina-
tion effect with anticancer drugs by inhibiting cell prolifera-
tion or drug resistance mechanisms in breast cancer cells
[43-45]. We have reported that SHO03 has the anticancer
effect and also synergistic effect with chemotherapy in
TNBC [20, 24, 26]. Thus, the present study is aimed at
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FIGURE 5: SHO03 in combination with DTX enhances the tumor suppression in BT-20 xenograft mouse model. BT-20 cells (1 x 107 cells/
100 uL PBS) were inoculated subcutaneously in the right flank of BALB/c nude mice. Mice were divided into four groups; control (1 = 3),
SHO003 (n=4), DTX (n=4), and SH003 + DTX (n=>5). After tumor size was reached at about 100 mm?>, the mice were treated with
indicated drugs. (a) DTX was administered at dose of 15.28 mg/kg once a week by intravenous injection (blue arrow). SH003 was
treated orally at a dose of 557.57 mg/kg 3 times a week (orange arrow). Tumor volumes were measured using a caliper daily. *P < 0.05
vs. control; “P < 0.05 vs. SH003 or DTX by one-way ANOVA with Bonferroni’s post hoc test. (b) The graph shows tumor weight. %P
<0.05, **P <0.01 vs. control; “P<0.05, P <0.01 vs. DTX by one-way ANOVA followed by Dunnett’s test. (c) Body weight was
measured twice a week. Data were expressed as the mean + SD.
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FIGURE 7: Schematic diagram of regulation mechanism by combined with SH003 and DTX on TNBC.

determining the highest effective dose of SH003 and DTX
which has the synergistic effect against TNBC.
Combination therapy is the result of drug interactions,
and it is important to find effective drug pairs. In particular,
response rates to anticancer drugs in cancer cells could be
different because of cancer heterogeneous characteristics,
so an appropriate target dose of each drug in combination
regimen should be determined. In addition, in order to

apply to patients, it is necessary to determine the optimal
combination dose through clinical trials [46]. Our results
indicated the drug synergism at lower concentrations of
SHO003 and DTX in vitro, but this synergistic effect did not
increase at higher concentrations of SH003. In particular,
high dose of SH003 showed antagonistic action in BT-20
cells. But we observed that the combination therapy had
antitumor efficacy at the dose used in clinical trial. By using
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the concentrations of DTX (75 mg/m2) and SH003 (4800 mg/
65kg) determined by MTD and NOAEL studies, we validated
the tumor suppression effect of combination treatment, mini-
mizing the side effects in BT-20 cells. These results suggest
that clinical studies should be conducted to find an appropri-
ate dose combination regimen that works synergistically
while reducing possible side effects. Thus, we demonstrated
that SHO03 can be a potential agent for combinatorial
therapy with DTX, expecting to minimize DTX toxicity in
clinical use.

Because high level of EGFR is discovered in about 40% of
TNBC, EGFR is a promising target for treatment of TNBC.
EGFR-targeted therapy has been developed and used to
study for TNBC treatment. Currently, clinical trials of
DTX combined with anti-EGFR antibody are ongoing in
TNBC patients (NCT01939054) [47]. Although many clini-
cal trials have attempted EGFR-targeting therapies in patient
with TNBC subtype, most patients indicated no significant
differences in overall response rate [6]. In case of NSCLC
treatments, wild-type EGFR NSCLC patients also have low
response to EGFR-TKI (tyrosine kinase inhibitors) treat-
ment due to EGFR-TKIs are mostly effective in NSCLC har-
boring EGFR activating mutations [48]. These results
suggest that the development of novel therapeutics targeting
wild-type EGFR can overcome failure of EGFR-TKI therapy
in TNBC [49]. Our study demonstrated that combinatorial
treatment of SH003 and DTX significantly suppresses phos-
phorylation of EGFR in vitro and in vivo model. Thus, we
suggest that this combinatorial treatment may be an effective
therapy for wild-type EGFR amplified TNBC. Further stud-
ies are needed to confirm if SH003 and DTX treatment
improves EGFR-TKI sensitivity in wild-type EGFR TNBC.

Many studies have shown that the dysregulation of
EGEFR signaling pathways including AKT, ERK and STAT3
is associated with tumor proliferation and survival [50-52].
Oncogenic function of these pathways contributes to che-
moresistance and metastasis in TNBC and thus has been
regarded as potential therapeutic targets [37, 53, 54]. We
demonstrated that the combinatorial treatment induces apo-
ptotic cell death by suppressing the activation of AKT in
both BT-20 and MDA-MB-231 cells. SHO03 combined with
DTX significantly inhibited ERK and STAT3 phosphoryla-
tion in BT-20 cells while activity of ERK and STAT3 is not
changed in MDA-MB-231 cells. In the recent study, it was
reported that ERK is constitutively activated in MDA-MB-
231 cells when compared with BT-20 cells [55]. Also, the
expression of STAT3 protein was similar in BT-20 and
MDA-MB-231 cells, but a level of STAT3 phosphorylation
showed relatively low activity in MDA-MB-231 cells. These
diversities of STAT3 activity can be caused by protein
expression of ErbB family members as STAT3 upstream
pathway [56]. In the therapy of cancer patients through
EGFR inhibition, it has been reported that the regulation
of the EGFR downstream proteins is important to determine
the clinical response [57-59]. Taken together, the different
response to combinatorial treatment in both cell lines can
be explained by cell line-specific genetic characters. These
results can support our finding that the combinatorial treat-
ment more effectively inhibits the proliferation of BT-20
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cells at low dose compared with MDA-MB-231 cells. In
addition, it can be considered as a biomarker to determine
the efficacy and reactivity of drugs depending on which
EGFR downstream signaling is regulated.

5. Conclusions

The present study suggests that DTX in combination with
SHO003 would be a good strategy to treat TNBC patients.
Furthermore, this combination reduced the EGFR activity
and its downstream AKT signaling pathway as a major treat-
ment target for EGFR-amplified TNBC. According to these
observations, we also suggest that combination treatment
of SH003 and DTX is possible to be considered as an effec-
tive drug combination strategy for the treatment of patients
with TNBC.
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The study was an extension of our earlier work on antiinflammatory and anticancer properties of G. asiatica fruit. We aimed to
develop a bioassay guided multistep purification technique for producing bioactive fractions of G. asiatica crude extracts. Dried
fruit powder was sequentially fractionated with 100% dichloromethane, 100% methanol (MeOH), and 50% MeOH. Active
extracts were subjected to liquid-liquid partitioning followed by subfractionation using RP-HPLC. Antioxidant,
antiinflammatory, and anticancer activities of the fruit extracts, and their potent fractions were evaluated in vitro, while
identification of compounds from the bioactive fractions was performed by ESI-MS/MS analysis. The amount of the identified
compounds present was confirmed using external standards adopting a simple, accurate, and rapid analytical HPLC method.
The results showed that 100% and 50% MeOH extracts possessed bioactivity; one of which (the 50% MeOH extract) displayed
potent activity in all in vitro bioassays. MeOH extract (50%) derived fraction C and hydroalcoholic fraction 5 (GAHAF5) were
observed to possess higher antioxidant, antiinflammatory, and in vitro anticancer activity. IC;, of GAHAF5 against MCF-7,
HEp-2, and NCI-H522 cancer cells was recorded as 26.2, 51.4, and 63 ug/mL, respectively. ESI-MS/MS and HPLC analysis
identified catechin, chlorogenic acid, caffeic acid, and morin as potential bioactive compounds in the GAHAF5 fraction with
concentrations of 1230, 491, 957, and 130 ug/g, respectively. The findings indicated that G. asiatica bioactive fractions
possessed antiinflammatory activity in vitro and were cytotoxic against breast cancer, lung cancer, and laryngeal cancer cell lines.

1. Introduction

Worldwide, an increasing rate of mortality linked to cardio-
vascular complications, diabetes, various forms of cancer,
and many other physiological ailments is creating a burden
on the healthcare systems. A plethora of literature correlate
modifiable lifestyle factors or health behaviors, for example,
poor dietary choices, tobacco use, excessive intake of alcohol,
and physical inactivity, with an increasing incidence of the
aforementioned chronic diseases [1, 2]. Such a situation calls
for a paradigm shift in approaches to improving the health
of individuals and hence populations [3]. Fruits and

vegetables contain nutrient and nonnutrient substances
bearing medicinal properties and are traditionally widely
accepted for their relevance to the prevention of various
health ailments. However, uncertainties in links between
consumption of fruits and vegetables and the reduction of
risk of chronic disease require the systematic establishment
of a clear connection between the nutrient or nonnutrient
components and their ability to reduce the risk of disease [4].

Cancer is among the most common of life-threatening
diseases. The International Agency for Research on Cancer
has reported worldwide an estimation of 19.3 million new


https://orcid.org/0000-0002-6207-553X
https://orcid.org/0000-0001-5605-6466
https://orcid.org/0000-0002-5685-4828
https://orcid.org/0000-0001-9412-1660
https://orcid.org/0000-0002-9664-3101
https://orcid.org/0000-0002-5174-809X
https://orcid.org/0000-0003-2358-8479
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/2277417

cancer cases and almost 10.0 million cancer-related deaths in
the year 2020 [5]. According to the Global Cancer Statistics,
Asia has the highest share of cancer-related deaths (57.3%).
Approximately one-half of all new cancer cases and more
than one-half of the overall cancer deaths were reported from
Asia. With an estimation of 2.26 million new cases, breast
cancer was reported as the leading type of cancers diagnosed,
while the highest incident of cancer-related mortalities, i.e.,
1.79 million, was accounted for lung cancer [5, 6]. Chemo-
therapy, radiotherapy, and chemical drugs are commonly
utilized cancer therapies; however, the cost of treatment is
high, and there are often adverse side effects [7, 8]. For these
reasons, plant-based new medicines are being increasingly
investigated as possible alternatives to synthetic drugs subject
to their efficacy and consumers’ safety [9].

More than 60% of anticancer drugs including vinblas-
tine, vincristine, camptothecin, taxol, podophyllotoxin, and
combretastatin are reported to be retrieved from natural
sources [10]. The importance of plants and fungi is illus-
trated by the discovery of penicillin, morphine, and aspirin,
the semisynthetic acetylated derivatives of natural salicylic
acid. Penicillin is an antibiotic, morphine is a pain reliever,
and aspirin is a cyclooxygenase inhibitor used as an antipain,
antifever, and antiinflammatory drug, as well as in the pre-
vention of strokes and heart attack owing to its antiplatelet
potential [11, 12]. However, many plants used in conven-
tional medicinal or healthcare systems still require scientific
exploration and validation.

G. asiatica L. (Tiliaceae), a berry indigenously known as
Phalsa, is endemic to South Asian countries, mainly Paki-
stan and India [1]. Ethnic or traditional use of G. asiatica
fruit is predominantly used as a refreshing, thirst quenching
drink in summer. The fruit drink, also known in some coun-
tries as “phalsay ka sharbat,” is thought to be tonic, while the
fruit and bark infusions of G. asiatica are considered demul-
cent, febrifuge, and diarrheal remedies [12]. The traditional
medicinal claims of G. asiatica and its secondary metabolites
like flavonoids, phenolic acids, and anthocyanins are sup-
ported by the documented pharmacological activities,
including antiinflammatory, antidiabetic, anticancer, skin
health promotive, and reduction of risk of coronary heart
disease [13-16].

In an extension of our earlier work “anticancer and anti-
inflammatory perspectives of Pakistan’s indigenous berry
Grewia asiatica Linn (Phalsa)” [16], there was a need to
identify bioactive fractions of G. asiatica as a prelude to their
potential exploitation in the food and pharmaceutical indus-
try. This study was therefore intended to develop a bioassay-
guided sequential extraction method for recovering bioactive
rich fractions of G. asiatica fruit and to isolate fractions that
may possess higher free radical scavenging, antiinflamma-
tory, and in vitro cytotoxic activities against human cancer
cells.

2. Materials and Methods

2.1. Plant Material. Grewia asiatica fruits known in Pakistan
as Phalsa were supplied by a local grower (Multan, Punjab,
Pakistan), and taxonomic identification was performed by
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a botanical expert from the Department of Botany, Bahaud-
din Zakariya University, Multan. The berries were washed to
remove dirt, and then the seed-free pulp was extracted with
a fine fruit pulper. The fruit pulp was spread onto stainless
steel trays with thickness lesser than 4 mm and dehydrated
in a commercial dehydrator (Pamico Tech. Pak) at 40°C.
The dehydrated fruit pulp was ground to powder in a
kitchen scale grinder and stored in an airtight jar at 4°C
for further processing.

2.2. Solvents and Reagents. HPLC grade solvents (water,
methanol), antiinflammatory and anticancer standard drugs
(diclofenac sodium, methotrexate), and analytical and pre-
parative HPLC columns (Zorbax-SB-C-18, Agilent) were
purchased from the local supplier of Sigma-Aldrich, USA.
Analytical grade solvents, antioxidant assays’ reagents, and
reference standards were procured from Merck, Pakistan.

2.3. Ethical Approval. All studies and testing protocols were
in line with the ethical codes mentioned in the Declaration
of Helsinki, duly approved by the Bioethical Committee,
Bahauddin Zakariya University, Multan, Reg. no. 05-18.

2.4. Preparation of Extracts. The dried fruit powder was deli-
pidated with hexane and filtered through Whatman No. 1 fil-
ter paper. Filtration residues were sequentially fractionated
with 100% dichloromethane (DCM), 100% methanol
(MeOH), and then 50% MeOH (50:50v/v H,O : MeOH)
using an orbital shaker. All filtrates were subjected to rotary
evaporation (Heidolph, Germany) and stored in an upright
ultralow freezer (Sanyo, Japan) at —40°C for bioactive fraction
screening assays. The most potent extracts, as evaluated by
performance of bioassays, were subjected to liquid-liquid
partitioning by solubilization with water (Fraction C) and
then partitioned successively, first with chloroform (Fraction
A) and then with ethyl acetate (Fraction B), as illustrated in
Figure 1.

2.5. Determination of Antioxidant Activity. 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity of the test
samples was conducted in accordance with the method pro-
posed by Alara et al. [17]. The results were calculated as IC,
(ug/mL) and compared with the standards, i.e., ascorbic acid
and quercetin.

Similarly, hydrogen peroxide (H,O,) scavenging ability
assay was performed with the method followed by Ruch
et al. [18] with minor changes. Ascorbic acid and quercetin
were used as reference standards, and the results are com-
puted using the following equation:

(Ao — As)

%inhibition = x 100 (1)

where A_ indicates the absorbance measured for control and
A, refers to the sample or standard absorbance.

Ferric reducing antioxidant power (FRAP) assay was
also performed in accordance with the method followed by
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Zahin et al. [19]. Ferrous sulfate was used as a reference
standard, and the results were computed as mM Fe/g.

2.6. In Vitro Antiinflammatory Activity Assays

2.6.1. Membrane Stabilization Assay (Heat-Induced
Hemolysis). Blood was collected in heparinized tubes from
healthy human subjects from the cubital vein and centrifuged
at 1100 x g for 5 minutes. Blood cells were washed three times
with normal saline. The volume of blood was measured and
reconstituted as 10% v/v suspension with isotonic buffer solu-
tion (10 mM sodium phosphate buffer, pH 7.4) [20, 21].

The membrane stabilization assay was performed in
accordance with the method described by Shinde et al. [22].
Briefly, a reaction mixture (2mL) was prepared by adding
ImL experimental extracts of different strengths, ie., 50,
100, 200, and 300 pug/mL to 1 mL (10%) red blood cell (RBC)
suspension in isotonic buffer solution (pH 7.4). The tubes con-
taining the reaction mixture were incubated (25 min; 50°C)
and cooled. The reaction mixture was centrifuged (1100 x g;
3min), and the absorbance of the supernatant was checked
at 560nm using a spectrophotometer. Diclofenac sodium
was used as a positive control while phosphate buffer as a neg-
ative control. The inhibition rate is calculated in accordance
with the following equation:

(Abs Control — Abs treated)
Abs Control

Inhibition (%) = x100. (2)

2.6.2. Egg Albumin Denaturation Assay. Egg albumin denatur-
ation assay was performed by the method described by
Mizushima and Kobayashi [23]. Briefly, 5mL of the reaction
mixture was prepared by mixing egg albumin (0.2mlL),
2.8 mL phosphate buffer (pH 6.5), saline, and 2 mL of extracts
of different concentrations, i.e., 50, 100, 200, and 300 pg/mL.
The reaction mixture was incubated for a period of 20 min at
40°C followed by heating at 75°C for 5min in a water bath.
The contents of the tubes were cooled, and the absorbance
was read spectrophotometrically at 660nm. Diclofenac
sodium and phosphate buffer solution were used as positive
and negative control, respectively. Inhibition rates (%) are
derived from the following equation:

(Abs Control — Abs treated)

Inhibition (%) = Abs Control

x100. (3)

2.6.3. Bovine Serum Albumin Denaturation Assay. Bovine
serum albumin denaturation assay was performed in accor-
dance with the method followed by Sakat et al. [21]. Reaction
mixture (0.5mL) was made by adding 0.45mL of bovine
serum albumin and 0.05 mL of experimental extracts of differ-
ent strengths (50-300 ug/mL). Phosphate buffer (2.5mlL;
pH 6.3) was mixed with the reaction mixture, and the contents
of the test tubes were incubated for 25min at 40°C. Cooling
was performed, and absorbance was recorded with UV-Vis
spectrophotometer (660 nm). Diclofenac sodium and phos-

phate buffer solution were used as positive and negative con-
trols, respectively. The percent inhibition rates are calculated
using the following equation:

(Abs Control — Abs treated)

Inhibition (%) = Abs Control

x100.  (4)

2.7. In Vitro Anticancer Activity

2.7.1. Methyl Thiazolyl Tetrazolium (MTT) Assay. G. asiatica
extracts and their fractions were evaluated for in vitro antican-
cer potential with the method utilized by Roy et al. [24].
Experimental samples of varying strengths (0.5-200 pg/mL)
were prepared in 100 yL dimethylsulphoxide (1% v/v) in
microtiter plates. After incubating the microtiter plates
(37°C, 48 hours), to each well was added 50 ul of the MTT
solution (5mg/mL). A microplate reader (Tecan, Austria)
was used to check the reduction in MTT after a second incu-
bation (37°C, 4 hours) by recording the absorbance at
570 nm. The untreated cells were used as a control against
which to measure the effect of experimental extracts on the cell
viability. The percent inhibition exhibited on the cell cultures
by the test samples is computed using the following equation:

At - Ab)

Survival (%) = EAC ~Ab) x 100, (5)

where At, Ab, and Ac indicate the sample, blank (complete
media without cells), and control absorbance, respectively.

Cell inhibition (%) = 100 — cell survival (%). (6)

2.8. Method Optimization for Fractionation Using RP-HPLC.
Fraction C (50% MeOH extract) and Fraction B (100% MeOH
extract) were further fractionated using RP-HPLC by dissolv-
ing solidified fractions in MeOH (100%) as suggested by Cock
[25]. Method optimization for fractionation was performed
through Agilent LC technology using an SB-C-18 analytical
column (4.6 x 150 mm, 5 ym, Agilent, Germany). The sample
was prepared in MeOH at the concentration of 10 mg/mL, and
the contents were filtered using 0.45um syringe filter. The
sample injection limit was set at 5uL with a flow rate of
0.5mL/min. Maximum peaks were recorded with acidified
(0.1% TFA) water (A) and acidified (0.1% TFA) methanol
(B) at 210 (Fraction C) and 280 nm (Fraction B).

2.9. RP-HPLC Fractionation (Reverse Phase Chromatography).
RP-HPLC fractionation was performed using Zorbax SB-C18
semipreparative column (25x250mm, 5um particle size,
Agilent, Germany). The samples were prepared in 100%
MeOH as 50 mg/mL; the injection limit was set as 1 mL with
a flow rate of 10mL/min. Eight subfractions were obtained
from Fraction C (50% MeOH extract) named G. asiatica
hydroalcoholic extracts, fractions 1-8, ie, GAHAFI,
GAHAF2, GAHAF3, GAHAF4, GAHAF5, GAHAFG,
GAHAF7, and GAHAFS8. Accordingly, 5 subfractions were
derived from the Fraction B (100% MeOH extracts) termed
as G. asiatica methanolic fractions 1-5, i.e., GAMF1, GAMEF2,
GAMF3, GAMF4, and GAMF5.
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FIGURE 1: Schematic diagram of G. asiatica extract after alcoholic extraction, liquid - liquid partitioning, and subfractionation.

2.10. ESI-MS/MS Analysis. HPLC subfractions with potent
activities led to LC-ESI-MS/MS (LTQ XL, Thermo Electron
Corporation, USA) analysis for identification of bioactive
components adapting guidelines as described earlier by
Steinmann and Ganzera [26]. The online software (http://
www.chemspider.com/) was used to obtain the structural
details of the bioactive compounds identified in the present
study.

2.11. Quantification Using External Standards. Bioactive
compounds tentatively identified earlier were further con-
firmed by comparing the retention times with external stan-

dards and quantified from the percent peak area using
HPLC. The chromatograms were obtained at different wave-
lengths (230, 254, 280, 300, 330 nm). The analytical method
for qualitative and quantitative analysis was validated
according to the guidelines issued by the proceedings of
the International Conference on Harmonization (ICH) for
specificity, linearity, accuracy, precision, LOD, and LOQ.

2.12. Statistical Analysis. The data were expressed as mean
+ SD. One-way analysis of variance (ANOVA) was used to
measure statistical differences between the controls and
treatments. The data was subsequently analyzed by
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TaBLE 1: In vitro antioxidant and antiinflammatory potential of G. asiatica.

‘ In vitro antioxidant assays In wtfo a‘n‘Fu.nﬂammatory assays Anticancer assay
Fruit (% inhibition at 300 ¢g/mL) (ICsoug/mL)
samples DPPH FRAP H,0, Heat-induced Egg albumin Bovine serum albumin MCF- HEp- NCI-

(ICsoug/mL) (mmol/g) (%) hemolysis denaturation denaturation 7 2 H522
100% DCM ~ 153+2.3  14+02 33144  124£02" 17 +0.2™ 21+0.3™ 175 257 232
100% MeOH ~ 77+1.1  27+0.7 43+04  32+0.1° 36+0.1* 44+1.1° 86 126 107
Fraction B 62+0.2 39+09 51+1.1 39+0.17 44+0.9" 49+1.17 61 141 95
GAMF3 56+0.3 34+0.2 49+0.1 46+ 1.17 51+0.1" 56+0.3"" 52 162 67
50% MeOH 41+1.0 43+0.6 73+0.6 50 +£0.2" 56+0.0"" 65+0.0"" 35 80 73
Fraction C 37+£1.2 44+0.2 70+0.1 56+0.1"% 61+0.2"" 70 +0.2%" 30 73 81
GAHAF5 29+0.1 46+1.1 77+0.2 59+0.2%* 63+1.2"" 75+ 1.1°%F 26 51 63
Ascorbic 21402 56+11 78+0.2 —
acid
Quercetin 18+0.5 63+0.1 82+0.3 _
Diclofenac 98 +0.02°"**  96+0.02°*** 98 +0.01**** —
sodium _
Methotrexate —

Values are means + S.D. DCM extract =100% dichloromethane extract; 100% MeOH extract =100% methanolic extract; GAMF = G. asiatica methanolic
fraction; 50% MeOH extract = methanol : water (50: 50 v/v); GAHAF = G. asiatica hydroalcoholic fraction; DPPH = 2,2-diphenyl-1-picrylhydrazyl; FRAP
= ferric reducing antioxidant power; TPTZ = 2,4,6-tripyridyl-s-triazine; H,O, = hydrogen peroxide #p < 0.05, #3#p < 0.01, # %% p < 0.001, % #p < 0.0001.

Dunnett’s test. Prism (Graph Pad Software, San Diego, USA)
was used to plot the graphs, and p values were indicated as
follows: *p <0.05, **p <0.01, **x p<0.001, and %% *p
<0.0001.

3. Results and Discussion

3.1. Antioxidant Activity. The results presented in Table 1
show that Fraction C and Fraction B possessed the lowest
IC,, in the DPPH assay, the highest ferric reducing antioxi-
dant power (FRAP), and the maximum radical scavenging
in H,0, assay compared to their parent extracts, i.e., 50%
MeOH and 100% MeOH extract, respectively. Among RP-
HPLC subfractions, GAHAF5 of Fraction C (50% MeOH
extract) exhibited considerable radical scavenging potential
in DPPH (IC,, of 29 ug/mL), FRAP (46 mmol/g), and H,O,
(77%) assays, comparable to the antioxidant activity of stan-
dard ascorbic acid or quercetin (Table 1). Likewise, a notable
increase in the antioxidant activity was also observed for
GAMF3 in comparison to Fraction B (100% MeOH extract).
Previously, a methanol extract of G. asiatica leaves was
reported to hold notable DPPH radical scavenging activity
(ICs, of 27.3 pg/mL) and nitric oxide radical inhibition activ-
ity (IC;, of 56.85 pug/mL) when compared with ascorbic acid
or quercetin as standards [27]. The strong antioxidant poten-
tial of G. asiatica was also cited by Mesaik et al. [28], who
reported that the 20 ppm flavanol fraction of the fruit pro-
duced 85% inhibition of DPPH stable-free radicals. Data on
qualitative screening of the G. asiatica extracts (Supplemen-
tary Table 1) further suggest the fruit as plausible carrier of
secondary metabolites such as flavonoids, phenols, and
tannins which may serve as active-free radical inhibitors

alike other fruits of ethnomedicinal significance including S.
cumini and C. carandas.

3.2. In Vitro Antiinflammatory Activity

3.2.1. Heat-Induced Hemolysis (Membrane Stabilization).
The stabilization effect of a drug on human red blood cell
membranes (HRBC) against heat and hypotonicity induced
lysis is documented as a proxy for antiinflammatory action
of a drug [29, 30]. The human red blood cell membrane
and lysosomal membrane are similar in composition; there-
fore, drugs protecting HRBC membrane may also protect
against destruction of the lysosomal membrane [31].
Consistent with the above, antiinflammatory activity of
G. asiatica successive extracts, their partitioned fractions,
and RP-HPLC subfractions were studied at varying concen-
trations (50, 100, 200, and 300 pg/mL). The findings revealed
a dose-dependent inhibition of heat-induced hemolysis and
improved efficacy of the extracts from crude RP-HPLC sub-
fractions. Among the tested fractions, GAHAF5 anticipated
59% inhibition of heat-induced hemolysis at a dose of
300 ug/mL, whilst the inhibition by 50% MeOH extract
and fraction C was 50 and 56%, respectively. Data shown
in Table 1 suggest a strong relationship between antioxidant
and antiinflammatory activity. A similar study conducted by
Moussaid et al. [32] reported a positive correlation between
the concentrations of experimental extracts and membrane
stabilization. Furthermore, extracts having antioxidant activ-
ity considerably inhibited the inflammatory responses. Like-
wise, 100% MeOH extract, Fraction B, and GAMEF3
dispensed at 300 ug/mL exerted 32 and 46% inhibition in
heat-induced hemolysis when compared with the normal
control, respectively. Earlier, Khanal et al. [33] in their study
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FIGURE 2: Mass spectras of identified compounds. (1) Caffeic acid;
(2) catechin; (3) morin; (4) chlorogenic acid; (5) liquiritigenin; (6)
quercetin; (7) myricetin.
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on antiinflammatory activity of G. asiatica fruit extracts—as
determined with membrane stabilization assays—reported
81% inhibition at 600 ug/mL, a finding remarkably like ours.

3.2.2. Inhibition of Protein Denaturation (Serum and Egg
Albumin). Denaturation of proteins is a well-documented
cause of inflammation, while substantial data is available to
confirm the link between denaturation of tissue proteins
and the onset of inflammatory complications [34, 35]. Plant
extracts, owing to their capacity to react with erythrocyte
membrane proteins, may deform the cells [21] and provoke
alteration of cell surface charges [36].

Our multistep purification technique produced fractions
that positively affected egg albumin denaturation inhibition:
indeed, a 56% inhibition of albumin denaturation was
observed for crude extracts (50% MeOH extract), and a 63%
inhibition was found in the case of the purified successive frac-
tion (GAHAF5). The results further suggested a dose-
dependent albumin denaturation inhibitory response that
has also been documented for coffee extracts compared with
the diclofenac sodium standard [37]. Another study delineated
a dose-dependent effect of methanolic extract of Enicosternma
axillare with a maximum inhibition of 71% observed at
500 pg/mL [38]. Accordingly, moderate inhibition of protein
denaturation at 300 ug/mL was observed with pure MeOH
extract (36%), Fraction B (44%), and GAMF3 (51%) (Table 1).

A similar inhibitory trend was recorded against serum
albumin denaturation assay suggesting that 50% MeOH
extract (300 ug/mL) exhibit the highest inhibition of albu-
min denaturation, i.e., 65%, when compared to other
extracts. Among liquid-liquid partitioned fractions, only
Fraction C and, from RP-HPLC subtractions, only GAHAF5
outlined inhibitory activity as 70% and 75%, respectively, in
albumin denaturation inhibition assay which is slightly more
than the parent 50% MeOH extract. A standard drug, diclo-
fenac sodium, offered a potent inhibition of 98%, 96%, and
98% at a dose of 300 ug/mL against heat-induced hemolysis,
egg albumin denaturation, and bovine serum albumin dena-
turation assays, respectively (Table 1).

3.3. Anticancer Activity. The crude MeOH extracts (50 and
100%) demonstrated potent to moderate in vitro anticancer
activity which was further characterized in the successive
extracts obtained through bioassay guided fractionation.
Bioassay-guided fractionation is an established and effective
method for purifying anticancer, antifungal, and antifertility
compounds [39-41]. Our results suggest that the 50%
MeOH extract derived Fraction C as the fraction exhibiting
the highest anticancer activity, with an IC,, of 30 ug/mL,
81 ug/mL, 73 ug/mL, 114 pug/mL, and 279 ug/mL against
human cell lines derived from breast cancer, lung cancer,
laryngeal cancer, epidermal kidney cancer, and cervical can-
cer, respectively. Since IC,, of extracts and fractions against
epidermal kidney cancer and cervical cancer were above
100 ug/mL, the values are therefore not tabulated. In the case
of breast and laryngeal cancer cell lines, Fraction C demon-
strated the lowest IC., when compared with the parent
extracts. Similarly, Fraction B originating from 100% MeOH
extract exerted considerable cytotoxic activity against breast
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TaBLE 2: ESI-MS/MS identification of bioactive compounds from G. asiatica different fruit fractions.
Fractions Average mass ESI-MS/MSn (ions) Identification Chemical formula References
179 179, 161 Caffeic acid CyHgO, [62]
290 290, 272.08, 246 Catechin C,sH,,0, [62]
GAHAF5 .
302 302, 286.07 Morin CysH,,0, (61]
354 353.25, 191 Chlorogenic acid C,6H;50, [62]
256 255, 237 Liquiritigenin C,sH,;,0, [63]
GAMF3 301 301, 272, 179 Quercetin C,5H,,0, [64]
317 317, 179 Myricetin C,sH,,04 (64]
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FiGure 3: HPLC chromatograms of external standards (A) and GAHAF5 (B) at 300 nm. (1)Catechin; (2) chlorogenic acid; (3) caffeic acid;

(4) morin.

and lung cancer cell lines. IC,, of fraction B against breast
cancer and lung cancer were 61ug/mL and 95ug/mL,
respectively, which are also higher than recorded from the
parent extracts (Table 1).

The IC,, for 50% MeOH extract against MCF-7 breast
cancer cells was up to 35pug/mL, while lower values were
recorded for fraction C and subfraction GAHAFS5, ie,
30 ug/mL and 26 pg/mL, respectively. Parallel trends were

observed with lung and laryngeal cancer cell lines, where
GAHAF5 exhibited the lowest IC,, ie., 63ug/mL and
51 ug/mL with lung cancer and laryngeal cancer, respec-
tively. Interestingly, GAMF3 from Fraction B was cytotoxic
against the breast cancer cell line (IC,, of 52 yug/mL). Previ-
ously, M1 fractions retrieved from the parent hexane extract
of Mangifera zeylanica bark obtained through a series of
purification techniques were reported more effective than
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the parent hexane extract against three cancer cell lines. The
referenced study demonstrated a less toxic effect of
bioassay guided fraction when compared with the parent
extracts on normal mammary epithelial cells [41]. Glaucaru-
binone, a triterpenoid obtained from the hexane extracts of
Brazilian cerrado, was reported biologically active against
cancer cell lines of common cancers [42].

3.4. ESI-MS/MS Analysis. The bioactive fraction of G. asia-
tica fruit extracts, i.e., GAHAF5, was identified to contain
caffeic acid, morin, catechin, and chlorogenic acid
(Figure 2. Table 2). Mass spectras of compounds that we
were unable to identify are also available in Supplementary
Figures 1 and 2. Previously, all referred compounds have
been cited as antiinflammatory agents [43-46]. Morin
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TasLE 3: Quantification parameters of three phenolic acids, and four flavonoids from G. asiatica different fruit fractions.
Fractions Compounds name  Wavelength LOD LOQ Linear range (ug/mL) r R; min Con(c;rgl/t;ttlon

Catechin 3.10  9.60 46.8-1500 0.9994 19.3 1230

GAHAF5 Chlorogenic acid 300 0.2 0.5 7.8-500 0.9995 20.7 491

nm

(50% MeOH extract) Caffeic acid 27 84 7.8-500 09991  21.8 957

Morin 1.3 3.24 46.8-1500 0.9993 22.6 130

Myricetin 330 nm 0.9 2.16 12.5-200 0.9985 24.1 217

GAME3 Quercetin 1.1 2.75 1.6-25 0.9991 25.0 591
(100% MeOH extract) 230 nm ) ’ ) ' .

Liquiritigenin 2 4.90 3.9-250 0.9987 23.2 24

LOD = limit of detection; LOQ = limit of quantification; = regression coefficient. Rt min = retention time in minutes; GAMF3 = Grewia asiatica methanolic
fraction; GAHAF5 = Grewia asiatica hydroalcoholic fraction; 100% MeOH = 100% methanolic extract; 50% methanolic extract (50/50 H,O: MeOH).

TAaBLE 4: Accuracy validation of analytical method three phenolic acids and four flavonoids from G. asiatica different fruit fractions.

Standard additions

% recovery

Marker substance ug/mL Day 1 Day 2 Day 3 Mean % CV
200 97.1 97.9 99.4 98.12+1.16 1.18
Catechin 400 101.2 98.7 100.7 100.2+1.32 1.31
500 101.3 102.9 100.2 101.4 £1.35 1.33
200 97.2 97.9 99.1 98.06 +£1.01 1.02
Chlorogenic acid 400 99.3 99.8 102.4 100.5+1.16 1.15
500 103.4 101.4 102.9 102.5£1.04 1.01
200 101.3 99.1 104.3 101.5+2.61 2.57
Caffeic acid 400 103.5 104.3 100.5 102.7 £2.00 1.94
500 100.5 103.3 105.6 103.1 £ 2.55 247
200 97.4 98.0 100.5 98.63 +1.64 1.66
Morin 400 99.9 97.3 101.2 99.46 £1.98 1.99
500 100.9 103.4 105.3 103.2 £2.20 2.13
200 99.0 103.3 97.8 100.03 £2.89 2.88
Quercetin 400 98.9 101.4 96.2 98.83 £2.60 2.63
500 104.5 105.4 102.4 104.1 £ 1.53 1.46
200 96.0 100.3 101.8 99.36 +£3.01 3.02
Myricetin 400 99.9 102.4 97.2 99.83 £2.60 2.60
500 99.5 101.4 104.4 101.7 £2.47 242
200 98.0 100.3 96.8 98.36 £ 1.77 1.79
Liquiritigenin 400 97.9 1004 105.2 101.1+3.70 3.65
500 100.5 103.4 102.4 102.1 £1.47 1.43

Values shared are mean + SD of triplicates. Percent coefficient of variation (% CV); (SD/Mean) x 100.

appeared to induce cytotoxicity among metastatic breast and
lung cancer cells [47, 48]. Caffeic acid was reported to induce
apoptosis in breast cancer [49] and lung cancer cells [50].
Chlorogenic acid regulated apoptosis in A549 human lung
and breast cancer cells [51]. In addition, catechin was
reported to exhibit a significant inhibition in the
proliferation of breast [52] and lung cancer [53].

Likewise, liquiritigenin, quercetin, and myricetin were
also identified in GAMEF3 fraction of our study (Figure 2),
while the literature confirms the significant antiinflamma-

tory potential of liquiritigenin [54], myricetin [55], and
quercetin [56]. Moreover, liquiritigenin, myricetin, and
quercetin were also presented as potent breast cancer inhib-
itors in some previous findings [57-59].

3.5. Quantification of Bioactive Compounds Using
External Standards

3.5.1. Specificity Validation. The analytical method was eval-
uated for its specificity by comparing the retention times and
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TABLE 5: Precision validation of analytical method of three phenolic acids and four flavonoids from G. asiatica different fruit fractions.

. . Intraday precision (n = 3) Interday precision (n=9)
Marker substance Theoretical concentration Measured concentration Measured concentration
(ug/mL) (ug/mL) CV (%) (ug/mL) CV (%

Catechin 400 403.6 £0.20 0.04 401.4+0.79 0.19
Chlorogenic acid 230 231+£1.75 0.75 230.9+0.24 0.10
Caffeic acid 100 102.4+£0.28 0.27 100.9 £0.31 0.30
Morin 500 498.4 £0.57 0.11 499.2+1.13 0.22
Myricetin 150 151.8 £1.15 0.75 150.9+£0.83 0.55
Quercetin 20 19.6 £0.22 1.1 19.9 £0.01 0.05
Liquiritigenin 200 201 £0.74 0.36 200.9 £0.39 0.19

*Values shared are mean + SD of triplicates ®Values shared are mean = SD of triplicates for 3 days. Percent coefficient of variation (% CV); (SD/Mean) x 100.

mass spectra of external standards with HPLC chromato- ~ GAHAF5 (Figure 3). Likewise, it has been apparent from
gram peaks of G. asiatica fractions. Firstly, a visible separa- ~ Figure 4 that well-distinguished peaks of myricetin, querce-
tion effect was obtained for catechin, chlorogenic acid,  tin, and liquiritigenin were established and eluted at 24.1
caffeic acid, and morin eluted at 19.3, 20.7, 21.8, and 22.6  minutes (myricetin), 25.0 minutes (quercetin), and 23.2
minutes, respectively, from standard solution and from  minutes (liquiritigenin). Chromatograms of GAMF3 also
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showed visible peaks of quercetin, liquiritigenin, and myrice-
tin at similar retention times.

3.5.2. Quantification Parameters. The current method was
validated for linearity performance using calibration curves.
Seven calibration curves in triplicate were established. The
calibration curves of catechin, chlorogenic acid, caffeic acid,
morin, myricetin, quercetin, and liquiritigenin were linear
between 46.8 and 1500, 7.8 and 500, 7.8 and 500, 46.8 and
1500, 12.5 and 200, 1.6 and 25, and 3.9 and 250 ug/mL with
a regression coefficient (r*) between 0.9985 and 0.9995.
Regression data, LODs, and LOQs for all seven standard
substances are given in Table 3.

3.5.3. Accuracy Validation. Bioactive fractions of G. asiatica,
i.e, GAHAF5 and GAMF3, were spiked with standards of
varying concentrations, i.e., 200, 400, and 500 ug/mL. Recov-
ery rates of the compounds listed in Table 4 were within the
range of 98.1+ 1.01-104.1 + 1.53% with a percent variation
coeflicient between 1.02 and 3.65% (Table 4). HPLC overlay
chromatograms were also developed to identify the percent-
age recovery of the bioactive compounds of G. asiatica.
Figures 5 and 6 represent overlay chromatograms of G. asia-
tica 50% MeOH extract, Fraction C with standard chloro-
genic acid (1:1), and 100% MeOH derived Fraction B with
standard liquiritigenin (1:1), respectively.

3.5.4. Precision Validation. Instrumental precision was
determined by replicate analysis of external standards. The
results of intraday and interday analysis of all seven standard
compounds showed a high precision with coefficient of var-
iation below 2%, which demonstrates the good precision of
our analytical investigation (Table 5).

3.5.5. Quantification Analysis. In this study, the chromato-
gram peak heights of both fractions (GAHAF5, GAMF3) were
compared with those of external standards. The peak height
with similar retention times indicates the presence of the
respective compounds whose levels were quantified using cal-
ibration curves obtained with the corresponding external stan-
dards. The detected levels of catechin, chlorogenic acid, cafteic
acid, and morin in GAHAF5 were 1230, 491, 957, and 130 ug/
g, respectively. Likewise, the levels of liquiritigenin, quercetin,
and myricetin in GAMF3 were 217, 591, and 24 ug/g. Earlier,
quercetin was detected as 2.4ng/ul and 4.28ng/ul in G. asia-
tica callus and leaf extracts, respectively [60]. More recently,
LC-QToF-MS analysis of G. asiatica extracts tentatively iden-
tified and provided relative abundance of some bioactive com-
pounds like quercetin, myricetin, umbelliferone, isovitexin,
petunidin, kaempferol, and morin as 0.44, 4.87, 0.10, 0.33,
0.60, 0.87, and 4.25 ug/g, respectively [61].

4. Conclusion

Bioassay-guided fractionation of G. asiatica fruit extracts
proved to be promising as a means to obtain bioactive frac-
tions bearing significant in vitro antioxidant, antiinflamma-
tory, and in vitro anticancer activity. Bioactive compound
characterization data suggest that chlorogenic acid, caffeic
acid, gallic acid, and morin represent the key components
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of GAHAF5 responsible for the cytotoxic effect on breast,
lung, and laryngeal cancer cells. Bioactive fractions from
the G. asiatica fruit extracts as recovered in this study are
potential drug leads and warrant additional testing and
determination of therapeutic index in vivo.
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Cancer is one of the primary causes of mortality globally, and the discovery of new anticancer drugs is the most important need in
recent times. Natural products have been recognized as effective in fight against various diseases including cancer for over 50
years. Plants and microbes are the primary and potential sources of natural compounds to fight against cancer. Moreover,
researches in the field of plant-based natural compounds have moved towards advanced and molecular level understandings
from the last few decades, leading to the development of potent anticancer agents. Also, plants have been accepted as abundant
and prosperous sources for the development of novel therapeutic agents for the management and prevention of different
cancer types. The high toxicity of some cancer chemotherapy drugs, as well as their unfavorable side effects and drugs
resistance, drives up the demand for natural compounds as new anticancer drugs. In this detailed evidence-based mechanistic
review, facts and information about various medicinal plants, their bioactive compounds with their potent anticancer activities
against different cancers have been gathered, with further approach to represent the molecular mechanism behind the
anticancer activity of these plants. This review will be beneficial for investigators/scientists globally involved in the
development of natural, safe, effective, and economical therapeutic agents/drugs against various cancers. This might be an
important contribution in the field of drug discovery, where drugs can be used alone or in combination to increase the efficacy
of newly synthesized drugs.
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1. Introduction

Irrespective of advancements in oncology, cancer is yet one
of the life-threatening diseases throughout the world. In
2020, approximately 19.3 million new cancer cases were
reported globally, resulting in nearly 10 million deaths [1].
Despite being the localize nature of cancer, it can spread
throughout the body and various organs via process of
metastasis including invasion and migration [2]. From the
primary location, metastasis spreads cancer cells to different
locations through lymphatic or blood circulation in the body
[3]. Metastasis is an intricate process comprising of multiple
steps which begin with detachment, amassing, and motility
of cancerous cells, resulted in attachment to endothelial cells
followed with growth of cancer cells at specific sites [3, 4].
Metastasis is the leading cause for cancer-associated death,
due to resistance to diverse cytotoxic agents as well as apo-
ptosis. This is the reason of high mortality and morbidity
in patients with metastatic cancer, where present chemo-
therapy drugs are unsuccessful in effectively eradicating the
cancer cells without damaging healthy cells [5].

Medicinal plants are a gift from nature to humans, assist-
ing them in their quest for better health. Since prehistoric
times, natural products have been recognized and used by
mankind as the chief source of remedial drugs. They are still
the source of excellent and potent bioactive compounds,
which can directly be used as medicines [6-8]. Several plants
have been found to have various kinds of biological activities,
like to cure wound, skin diseases, menstrual disorders, after
childbirth, fever, headache, exhalation channel infection, ure-
thral infection, rheumatism, and cancer [9, 10]. According to
current data, the plant kingdom contains nearly 250,000
plants species, of which only about 10% of medicinal plants
have been studied/discovered so far for the treatment of many
diseases [11, 12]. Therefore, phytochemical properties of dif-
ferent plants and their derived bioactive analogues occur in
assorted portions of plants; like as flower, seed, stem, bark,
fruit, leaf, and embryo (Figure 1) [11, 13]. Moreover, all these
medicinal plants are eminent to yield numerous bioactive
metabolites with various pharmacological attributes together
with antidiabetic, antiosteoporotic, antimicrobial, hepatopro-
tective, anti-inflammatory, antimalarial, antiageing, immuno-
modulator, antioxidant, antihypertension, anticancer, and
others (Table 1) [14-17]. Many have been shown to have anti-
cancer properties; inhibiting cancer cell-related activating pro-
teins, signaling pathways, and enzymes such as topoisomerase
enzyme, cyclooxigenase, MMP, MAPK/ERK, TNK, Akt, cyto-
kines, Bcl-2, PI3K, CDK4 kinases, CDK2, CDC2, mechanistic
target of rapamycin (mTOR), or by activating DNA repair
mechanism [11, 18, 19]. Therefore, choosing these very spe-
cific plants, which are described in detail in this review along
with their mode of action and possible mechanism, and could
potentially be used in the management and prevention of can-
cer was the primary motivation. This review is intended to
open up new avenues for the various kind of treatment/ther-
apy of cancer, focusing on certain important medicinal plants
and their important bioactive compounds that have been pre-
sented to target cancer cell-activating proteins, signaling path-
ways, and enzymes involved in cancer progression.
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2. Major Medicinal Plants with Anticancer
Activities and Possible Mechanism

2.1. Taxus chinensis (Pilger) Rehd (T. chinensis). The most
common herbal medicinal component identified from T.
chinensis is paclitaxel (PTX), a well-known first-line chemo-
therapy treatment/therapy for cancer disease such as ovarian
and breast cancer [20]. Low bioavailability makes oral dose
inoculation/administration of pure PTX as a possible anti-
cancer drug difficult. Paclitaxel, a taxane-type diterpenoid,
was discovered from the barks of T. chinensis and is cur-
rently this bioactive compound used as a broad-spectrum
chemotherapeutic treatment/therapy against various cancer
categories [21]. Numerous findings have demonstrated that
PTX can cause apoptosis and cell cycle arrest by blocking
microtubule depolymerization and boosting microtubule
polymerization, and PTX’s unusual structure and anticancer
potency have piqued researchers’ attention around the world
[22]. The taxane extract from T. chinensis enhances pacli-
taxel bioavailability through pharmacokinetic synergy [23].
The current approach to taxol production is natural source
obtained from the bark of T. brevifolia, which is considered
as a most rich source; nonetheless, based on this method,
the yield of taxol ranged from 0.001 to 0.05 percent, meaning
that 8-10 kg of plant bark from 4-5 plants is required to pro-
duce one gram of pure taxol [24]. However, this supply faces
issues due to its limited availability and increased vulnerabil-
ity to unpredicted changes in biological and environmental
conditions. Camptothecin and taxol were the first com-
pounds with high antiproliferative activity to be studied after
the National Cancer Institute program of research for novel
anticancer chemicals began in 1960 [25]. NCI clinical trials
have looked at taxol in the following stages of different can-
cers: Phase I (childhood leukemia, lymphoma, epithelial,
liver, breast, and ovarian), Phase II (melanoma, head and
neck, esophageal, small cell lung, colon, renal, and prostate),
and Phase III (melanoma, esophageal, and melanoma)
(ovarian epithelial and metastatic breast) [25-28]. Taxol
was licensed by the FDA in 1992/94 as an effective treatment
for breast and ovarian cancer, respectively [28]. As a result,
this bioactive compound (taxol) was regarded as one of the
most significant contributions to the sector of chemothera-
peutics in the late twentieth century [28].

Taxol is a highly effective anticancer treatment that
works against a variety of malignancies, which include ovar-
ian, lung, breast, head carcinomas, and AIDS-related Karpo-
si’s carcinoma [29]. Proliferation of cancer cells occurred
due to abnormal cell growth and division, which causes a
surge in the number of cells [29]. Tubulin is a globular pro-
tein that is located in the cytoskeleton of eukaryotic cells and
plays a vital part in cancer cell mitosis [30]. During mitotic
division, the dynamics of microtubules, which involves
depolymerization (shrinking) and polymerization (growing),
is critical for chromosome separation (Figure 2). Two vari-
ous kinds of tubulins polymerize together to generate het-
erodimer microtubules, which are assembled to form
protofilaments. Microtubules in live cells have been found
to have 13 protofilaments arranged parallel to the microtu-
bule axis [30-32]. The positive charged end of a microtubule
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(+tubulin) connects to the kinetochore of chromosomes,
while the negative charged end (-tubulin) binds to the spin-
dle pole. When a drug attaches/binds to tubulin, it changes
the way microtubules assemble [30, 32]. Taxol is an antipro-
liferative medication that works in a unique way against can-
cer cells. It interacts with tubulin through an amino-terminal
region of amino acids (that is 31 amino acid), preventing
microtubule depolymerization and halting the cell cycle
[31]. Microtubules organized to have 12 proto filaments
rather than 13 proto filaments in the presence of taxol [32].

2.2. Curcuma longa L. (C. longa). Turmeric or C. longais an
aromatic, nutraceutical plant. The root, a vegetal product of

this plant, has been extensively utilized in Indian traditional
medicine (Ayurveda) for various maladies, including para-
site infection (local administration), wounds, acne, urinary
tract disease, common cold, and liver disease, under various
pharmaceutical formulations (systemic administration) [33,
34]. Numerous experimental studies on turmeric’s therapeu-
tic activity have revealed a wide -range of pharmacological
properties, such as anti-HIV, antibacterial, antioxidant, anti-
angiogenic, anti-inflammatory, proapoptotic, immunomod-
ulatory, analgesic properties with applications in
Alzheimer’s disease, diabetes, and arthritis [35, 36]. The
main active ingredient responsible for the pharmacodynam-
ics activity is curcumin, a polyphenol, which has displayed
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TaBLE I: List of plants and their potent bioactive phytocompounds for the possible therapeutic use in prevention and management of
various cancers.

Vegetal part . Bioactive Lo . Therapeutic effect

and botanical Picture Biological functions . . References
name phytocompounds against various cancers

Taxus Breast, liver, ovarian,

chinensis . Anticancer, antioxidant, colon, lung and [20-22,
(Pilger) Rehd Paclitaxel (taxol) and antiageing esophageal cancer, 25, 26,
(bark) lymphoma, childhood 150]

leukemia, melanoma

Curcumin, Anticancer,
c demethoxycurcumin, antiangiogenic, Colon, cervical, lung,
urcuma longa bisdemeth . tioxidant. anti- thvmic. brai [34-37
Linnaeus isdemethoxycurcumin, ~ antioxidant, anti ymic, brain, s
. germacrone, inflammatory, anti-HIV,  pancreatic, breast, bone 151]
(rhizome) . . . .
furanodienone, zederone, antibacterial, and cancers, and liver cancer
and ar-turmerone immunomodulatory
Anticancer, anti-
Zingiber inflammatory,
officinale . antioxidant, Colon cancer, ovarian [41-43,
Phenolic and terpene .
roscoe immunomodulatory,  cancer, and breast cancer 46, 152]
(rhizome) antiangiogenic, and
antibacterial
Camptotheca Anticancer, antivirus,
acuminata Alkaloids, flavonoids, antips.ofiatic, antifungal, . [48-50,
Decne (leaf, I id anti-inflammation, Lung and ovarian cancer 153]
flower, stem, and glycosides antibacterial, and
fruit, root) antiparasitic
Lung cancer, breast
cancer, Hodgkin’s
lymphoma, leukemia,
Kaposi sarcoma, Ewing
Vinca rosea L. Vinca alkaloids: sarcoma, follicular
(Catharanthus vindesine, vincristine, Anticancer, antioxidant, lymphoma, [54-56,
roseus (L.) G. vinorelbine, and anti-inflammatory retinoblastoma, ovarian 154]
Don) (leaf) vinblastine germ cell tumor, acute
lymphoblastic leukemia
rhabdomyosarcoma,
testicular germ cell
tumor
Antitumor, antioxidant, Breast cancer, liver
Belamcanda Flavonoids, terpenoids, antibacterial, antidiabetic, cancer, prostrate (61-63
chinensis L. organic acids, and estrogen-like, carcinoma, gastric 65. 15 5’]
DC. (root) quinones hepatoprotective, and carcinoma, T-cell ’

anti-inflammatory leukemia
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TaBLE 1: Continued.
Vegetal t . . .
egeta par . Bioactive Lo . Therapeutic effect
and botanical Picture Biological functions . . References
name phytocompounds against various cancers
Cryptolepis Anticancer, antibacterial,
. . ti itic, anti-
sanguinolenta Alkaloids, flavones, and o1 Parastie antl (66, 67,
. . inflammatory, antifungal, Lung cancer
(Lindl.) Schltr. tannin 1 . 156]
(leaf and root) antidiabetic, and
antioxidant
Garcinia Polvphenols Anticancer, anti- Breast cancer, lung
) P ’ inflammatory, cancer, hepatocellular
hanburryi benzophenones, .. . ] [74-77,
. antioxidant, antitumor, carcinoma, prostate
hook (fruit, xanthones, and . . . 157]
Jeaf, and seed) bioflavonoids antifungal, antiulcer, cancer, and gastric
’ antibacterial, antiviral. carcinoma.
Anticancer, anti-
Psoralea Psoralidin, meroterpenes inflammatory,
corylifolia L. courr;arins ang ? antibacterial, Breast, prostate, and (81, 82,
(Buguchi) ﬂavonoi)ds antidepressant, lung cancer 84, 158]
(whole plant) antioxidant, and
antipsoriatic.
. Antit , anti-
.y Phenylpropanoids, . niifumor, anti
Cimicifuga . inflammatory, antiviral,
. lignans, cycloartane . . Breast, prostate, and (88, 89,
foetida L. . . antimenopause, analgesic, .
. triterpenoids, . . liver cancer 93, 159]
(rhizome) chromones. amides antiosteoporosis, and
? antipyretic
. . Anti , antimalarial,
Paclitaxel (taxol), taxusin, n lcsiijﬁezigg: an
Taxus baccata baccatin, taxoids viz., . . "
L. (leaf and baccatin, taxine, lignans abortifacient, anti- Kaposi’s sarcoma, breast,  [94, 96,
bélrk) her;ols ste;Oi ds ’ inflammatory ovarian, and lung cancer 97, 160]
P flavonoids ? antinociceptive, and
septic shock
Flavonoids,
henyl ids, . - .
Elk(;rll(})ligsopf(r)ltz;nz Anticancer, antidiabetic,
Viscum Album . P oy antioxidant, anti- [101, 102,
triterpenes, steroids, . . Breast cancer and
L. (stem, leaf, livophilic molecules inflammatory, sedative, necolosical cancer 109, 111,
and fruit) pop i antihypertensive, and gy & 161]

viscumneoside XII, XIII,
XIV, lectins, and
conjugated acetylene

hepatoprotective
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TaBLE 1: Continued.
Vegetal t . . .
egeta par . Bioactive Lo . Therapeutic effect

and botanical Picture Biological functions . . References
name phytocompounds against various cancers

Anticancer,

antidepression activity,

antioxidant,
Gardeni L . h \ ic effect,
ardenia Geniposide, crocin, ypogyeemic ettee . (113, 114,
jasminoides . . . antidiabetic, anti- Brain tumor, oral cancer,

. genipin, gardenoside, and . . 116, 162,
Ellis (stem, iridiod inflammatory, liver cancer 163]
bark, and fruit) improvement in the

quality of sleep,
antigastritis, antiarthritis,
antihyperlipidemia
Colchicum . .
autumnale L Anticancer, anti- [118,119
) Colchicine inflammatory, and Solid tumor, leukemia ? ’
(bulb, flowers, . . . 121, 164]
and leave) antiproliferative
Salvia prionitis Diterpenoid quinone, Anticancer, antitumor, Lung cancer and solid ~ [122, 124,
Hance (root) salvicine antimicrobial tumor 127]
Raphanus Flavanoid, glucosinolates,
s tIi)vus L. (root folic acid, flavonoids, =~ Anticancer, antimicrobial, Colon cancer and breast [128-131,
stem leab ’ polyphenolics, dietary and anti-inflammatory cancer 165]
> fiber, vitamin A and C
Anticancer,
antineoplastic,
antioxidant,
. hepatoprotective
T . . . .. .
a::‘l;is;:)(l)i;a Polysaccharides, aliphatic hypolipidemic,
. . compounds, phenolics, antiperiodic,
(Willd.) Miers . . . . . . [132-137,
(bark, leaf, sesquiterpenoid, steroids, antispasmodic, anti- Breast cancer and tumor 166]
ﬂowe; an(’i diterpenoid lactones, inflammatory,
stem) ’ alkaloids, glycosides antimicrobial,
antiosteoporotic,
antidiabetic, antiarthritic,
antiallergic, and
immunologic
Anti-inflammatory,
Thymodquinone anticancer, antioxidant,
Nigella sativa o ymoq ’ antibacterial, [138-142,
dithymoquinone, and L . Breast cancer and tumor
L. (seed) . ; antiangiogenic, 167]
dihydrothymoquinone

antidiabetic, and organ-
protective
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potent anticancer effects against numerous cancers [36].
This includes bone, breast, pancreatic, colon, lung, cervical,
liver, and thymic (Figure 2) [37, 38]. Recent research
strongly supports polyphenols’ significance in the preven-
tion of degenerative diseases, cancer, and cardiovascular dis-
eases [38]. Natural polyphenols can occur in a various range
of foods, including cereals, chocolates, vegetables, fruits,
olive oil, and beverages like wine and tea. Curcuma aqueous
extract has been shown to induce apoptosis in human colon
cancer LS-174-T cells. Ozaki et al. (2000) revealed the role of
curcumin in inducing apoptosis in rabbit osteoclasts as well
as inhibiting bone resorption [38, 39]. Curcumin’s proapop-
totic effect in leukaemic Jurkat cells, COLO 205 cells, human
lung carcinoma A549 cells, murine myelomonocytic leuke-
mia WEHI-3 cells, human nasopharyngeal carcinoma cells,
and NPC-TW 076 has previously been documented [38,
40]. Furthermore, curcumin is a proapoptotic agent that
fights against various lymphoma cells in human [40].

2.3. Zingiber officinale Roscoe (Z. officinale). Z. officinale
(Ginger, Zingiberaceae) is a rhizomatous perennial plant
used to treat digestive disorders such as dyspepsia, nausea,
vomiting, gastritis, diarrhea, asthma, common cold disor-
ders, nervous diseases, inflammation, hepatotoxicity, diabe-
tes, migraine, hypercholesterolemia, helminthiasis, and
schistosomiasis [41-43]. Since prehistoric times, ginger has
been widely utilized as a spice for culinary and medicinal
purposes throughout the world. Ginger has been known to
be anticarcinogenic through numerous routes and to have
chemo-preventive activity in colon cancer [43]. Human
colorectal cancer cells were also suppressed by gingerol
(phytochemical found in ginger). Efficacy of ginger has been
tested on developed tumor in mice in one study and showed
potential reduction in tumor size [44]. In mice, the effects of
continuous therapy with ginger rhizome hot water extract
on spontaneous mammary cancer were studied. The forma-
tion of mammary tumors was dramatically prevented in the
mice given free access to ginger extract (0.125 percent) in
drinking water [44-46]. Gingerol also induces auto phagocy-
tosis and apoptosis, which destroys ovarian cancer cells (self-
digestion). The presence of a proinflammatory state is
hypothesized to participate in the enlargement of ovarian
cancer. A number of critical inflammatory markers (inter-
leukin-8, vascular endothelial growth factor, and prostaglan-
din E2) found to be reduced in ovarian cancer cells with
treatment of ginger [46]. The antiproliferative and antioxi-
dant activities of the methanol extract of cannibal rhizome
on human cervical HeLa cancer cells and human breast can-
cer MDA-MB-231 cancer cells were also studied [46].

2.4. Camptotheca acuminata Decne (C. acuminata). This
medicinal plant belong to Nyssaceae family and basically
was found in Tibet and southern China [47]. C. acuminata
is well know for broad-range of biological activities such as
anticancer, antivirus, antipsoriatic, antifungal, anti-inflam-
mation, antibacterial, and antiparasitic [48-50]. Further-
more, C. acuminata contains various natural active
compounds, like alkaloids, flavonoids, and glycosides [50].
It contains alkaloid camptothecin (CPT) and betulinic acid

(BA), which can be isolated from stem, bark, and fruit of
C. acuminata plant [51]. The anticancer mechanism of
action of CPT is by inhibiting topoisomerase 1. CPT binds
to a complex, which contain deoxyribose nucleic acid
(DNA) and topoisomerase I, hence, inhibiting the reassem-
bly of the DNA strands of a single chain [51, 52]. When
the CPT is combined with the DNA-topoisomerase com-
plex, the bonds at the nick sites are not restored, and the
double DNA chain structure is damaged [52]. The DNA
damage in tumor cells treated with CPT and its derivatives
is most likely caused by double-strand breaks introduced
by the replication process [25, 52]. Therefore, CPT also has
been engaged for the treatment of ovarian and lung cancer
[53]. On the other hand, BA is involved in treatment of can-
cer, HIV, and bacterial diseases.

2.5. Vinca rosea L. (Catharanthus roseus (L.) G. Don). This
medicinal and ornamental plant is a member of Apocyna-
ceae family and commonly known as pink periwinkle or
Madagascar periwinkle [54]. V. rosea is rich in alkaloids with
wide-ranging biological activities and use in treatment of
several types of cancers, such as lung, breast, leukemia, acute
lymphoblastic leukemia, testicular germ cell tumor, Kaposi
sarcoma, Hodgkin’s lymphoma follicular lymphoma, ovar-
ian germ cell tumor, retinoblastoma, Ewing sarcoma, and
rhabdomyosarcoma [54, 55]. Furthermore, V. rosea contains
Vinca alkaloids: that are vindesine, vincristine, vinorelbine,
and vinblastine [56, 57]. All these Vinca alkaloids were the
first natural compounds to go into clinical trial against sev-
eral cancers and have been endorsed and licensed by Food
and Drug Administration (FDA) [58]. It has been known
that usage of these alkaloids in low doses interferes with
the microtubular activity, while at high doses, causing cell
cycle arrest and apoptosis [58, 59]. These alkaloids are cur-
rently in use for the treatment of various cancers.

2.6. Belamcanda chinensis L. (B. chinensis). B. chinensisis a
traditional Chinese medicinal plant, belongs to the Iridaceae
family and commonly found in northeast Asia region [60,
61]. The biological activity of this plant include antitumor,
antioxidant, antidiabetic, estrogen-like, hepatoprotective,
antibacterial, and anti-inflammatory [61]. It contains several
bioactive compounds like flavonoids, terpenoids, organic
acids, and quinones [62]. The flavonoids and terpenoids
are mostly used in the treatment of cancer [63]. Terpenoids
(pentacyclic triterpenoids) are also one class of natural com-
pounds introduced in clinical trials [63]. However, ursolic
acid, betulone, and betulonic acid are isolated from root of
B. chinensis medicinal plant and mostly all these compounds
are utilized in treatment/therapy of numerous type of can-
cers, such as solid tumor, breast cancer, liver cancer, pros-
trate carcinoma, gastric carcinoma, and T-cell leukemia
[64, 65]. However, against different types of cancer cells,
betulonic acid has shown most significant antitumor activity
at 20 ymol/L: for example, prostatic cancer cell line PC3
(rate of inhibition = 52%), breast cancer cell line MCF-7
(rate of inhibition = 56%), and human gastric cancer cell line
MGC-803 (rate of inhibition = 68%) [63]. Furthermore, the
ability of betulonic acid to follow apoptotic pathways
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regulated kinase); ErbB (Epidermal growth factor receptor); BCL-2 (B-cell lymphoma 2)
COX (Cyclooxygenase); Bax (BCL2 associated X, apoptosis regulator);
P53 (Tumor protein 53); p65 (Tumor protein 65)

F1GuRE 2: [llustrative representation of potential plants targeting specific cellular and signaling pathways depicting molecular mechanism of

their possible anticancer activity.

through the mitochondrial signaling cascade, which implies
the expression of caspases 3 and 9, as well as the proteins
p53 and Bax, is one of its antitumor properties [63]. There-
fore, this is most promising agent which can be used for the
cancer chemoprevention or management.

2.7. Cryptolepis sanguinolenta (Lindl.) Schlechter (C.
sanguinolenta). C. sanguinolenta is an African scrambling
thin-stemmed shrub. It has traditionally been used in West
Africa to treat the diarrhea, malaria, and respiratory prob-
lems [66]. Furthermore, different synthetic derivatives of
specific alkaloidal isolates from C. sanguinolenta have also
been studied for the anticancer action. C. sanguinolenta
has been mostly linked to its principal alkaloid, cryptolepine
[66, 67], which has demonstrated to block the NF-«B activity
in a variety of cells [68]. Along with that, in human lung ade-
nocarcinoma A549 cells, cryptolepine stimulates cell cycle
arrest and apoptosis [66, 68]. Cytotoxic and anti-
inflammatory effects are mediated by interfering with NF-

kB activity, which results in reduction of inflammatory as
well as antiapoptotic genes such iNOS, TNF-«, COX-2,
and Bcl-2 [68]. The proapoptotic genes p53, p21, Bax, cas-
pase, and cytochrome c are all upregulated when NF-«B is
inhibited [69].

Olajide et al. 2013 studied that apoptotic-inducing
impact of cryptolepine is mediated through the NF-«B sig-
naling pathway during different study [69]. It was observed
that, after 24 hours of therapy, cryptolepine decreased
A549 cell growth dose-dependently with upregulation of
caspase-3 [69]. Cryptolepine reduced TNF-induced IB phos-
phorylation and NF-xBp65 nuclear translocation, according
to protein analysis [67, 69]. Moreover, significant DNA
damage is caused by cryptolepine by blocking the topoisom-
erase I and II activity [68, 70]. This damage led in increased
phosphorylation of BRCA1, Chk1/Chk2, H2AX, and ATM/
ATR, as well as p53 signaling cascade activation, which
included increased protein expression of the cyclin-
dependent kinases p21 and pl6 [71]. In human
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nonmelanoma skin cancer cells, these cryptolepine-induced
alterations resulted in a considerable reduction in cell viabil-
ity and colony formation, as well as an expend in apoptotic
cell death [71].

2.8. Garcinia hanburyi Hook (G. hanburyi). Garcinia is a
Clusiaceae genus found in Africa, New Caledonia, Southeast
Asia, Brazil, and Polynesia [72]. Garcinia plants contain a
wide range of biologically active metabolites that have gotten
a lot of interest in recent decades because of the chemical
compositions of their extracts, which contain chemicals that
have been demonstrated to have positive effects in a variety
of ailments [72]. There are several species found, but the fol-
lowing five are the best studied and have numerous thera-
peutic properties: G. mangstana, G. pedunculata, G.
gardneriana, G. brasiliensis, and G. cambogia. These species
are known to have potent anti-inflammatory effects; such as
pain, wounds, treatment for skin diseases and infections,
with analgesic, antioxidant, antitumor, antifungal, antican-
cer, and anti-inflammatory properties [73, 74]. They are a
rich and natural source of biologically active compounds
with various other therapeutic properties Moreover, they
also contain amine, with antiulcer, antibacterial, antiviral,
vasodilator, hypolipidemic, and hepatoprotective properties
[74]. Moreover, G. hanburyi has anticancer effects in differ-
ent kinds of human cancer cells, such as gastric carcinoma,
hepatocellular carcinoma, breast cancer, prostate cancer,
and lung cancer [75].

Garcinia is rich in polyisoprenylated benzene derivatives
(polyphenols, benzophenones, xanthones, and bioflavo-
noids) [76]. Garcinia-derived biflavonoids have also been
studied for a variety of functions, including chemopreven-
tion [77]. Kolaviron (extract from the seed of Gracinia) is
believed to have the capability to eliminate free radicals,
inhibit stress-related proteins and interfere with the DNA
binding activity of certain transcription factors. Thus, it
helps as anticancer agent [77, 78]. However, forbesione, a
caged xanthone derived from G. hanburyi, has been shown
in human CCA cell lines to reduce growth and cause apo-
ptosis [77]. In addition, it was found that the expression of
p27 and p21 was increased, which may describe why prolif-
erating bile duct cell markers and cell nuclear antigen in
forbesone-treated Ham-1 cells in vitro and in forbesone-
treated hamster tumor tissues Cytokeratin 19 are reduced.
In addition, forbesione promotes apoptosis through a variety
of mechanisms [79]. Increased expression of Fas, Fas-related
death domains, and activated caspase-3, as well as decreased
expression of procaspase-3 and 8, activates the death recep-
tor pathway [79, 80]. Increased expression of activated cas-
pase-9, B-cell lymphoma- (Bcl-) 2-like protein 4 and B-
inhibitors, expression of Bcl-2, survivin, procaspase-9, and
nuclear factor-B decreased p65, driving mitochondria way
[80]. Lower expression of procaspase-12 and higher expres-
sion of activated caspase-12 stimulated the endoplasmic
reticulum pathway. In forbesione-treated hamsters, no
adverse effects or toxicity were identified. As a result, forbe-
sione is observed as a promising cancer treatment candidate
that warrants additional research [79, 80].

2.9. Psoralea corylifolia L. (Buguchi) (P. corylifolia). This
medicinal plant is member of Leguminosae family and was
used in ancient times for the treatment of several ailments
and is originally distributed in Asian regions [81]. It is
known forwide-range of biological activtiessuch as antican-
cer properties, anti-inflammatory, antibacterial, antidepres-
sant, antioxidant, and antipsoriatic [81]. Furthermore, this
medicinal plant encompasses numerous bioactive compo-
nents like as psoralidin, meroterpenes, flavonoids, and cou-
marins. Furthermore, bioactive compounds
psoracoumestan and arylcoumarin from P. corylifolia dis-
played robust anticancer potential by strongly blocking
MAPK/ERK kinase phosphorylation enzyme system [82,
83]. Another bioactive compound psoralidin has found to
be potentially important in treatment of cancer. Psoralidin
is involved in different types of cancers like breast, liver,
and others [82, 84]. In a study, psoralidin an estrogen recep-
tors agonist was found to induce pS2 gene activity in MCF7
breast cancer cells with an EC., value of ERE-reporter gene
transcription activity of 1.85 uM [82, 85]. While, seed extract
of P. corylifoliainduced apoptosis in the human breast cancer
(MCE-7) cells followed by mitochondrial cell death [86].
Another study stated that combination of psoralidin and
neobavaisoflavone with TNF-related apoptosis-inducing
ligand (TRAIL) has highlighted their anticancer activity
through inducing apoptosis in human adenocarcinoma
prostate cancer cells [84, 87]. Another study clearly revealed
that psoralidin combination with TRAIL influences apopto-
sis in HeLa cells by upregulating the expression of death
receptor [84, 87]. Furthermore, in the same study, it has
been showed that psoralidin bioactive compound have anti-
cancer activity against human lung cancer cell by using dif-
ferent extracts of P. corylifolia [84, 87].

2.10. Cimicifuga foetida L. (C. foetida). This medicinal plant
is a member of Ranunculaceae family and originally was
found in Asian region such as China, India, and Tibet [88].
This medicinal plant has been used a traditional Chinese
herbal medicine globally since old times and commonly
known as Shengma [88]. C. foetida is mostly used in the
treatment/cure of headache, sore throat, aphtha, uterine,
prolapse, archoptosis, spot poison, and nonerupting measles
and many other related diseases [88, 89]. C. foetida has wide-
ranging biological activities comprising like as antitumor,
anti-inflammatory, antiviral, antimenopause, analgesic, anti-
osteoporosis, and antipyretic [88, 89]. Its potent bioactive
compounds are phenylpropanoids, lignans, amides, chro-
mones, cycloartane triterpenoids, and other compounds,
which are extracted from the rhizome of C. foetida [90].
Therefore, phenolic compounds and triterpenoids have been
shown effective anticancer activities in both in-vitro and in-
vivo studies [91, 92]. Furthermore, C. foetida is often used as
estrogen-based replacement therapy to get rid of meno-
pausal symptom and detoxification. Triterpenoids in C. foe-
tida  synergistically impedes the proliferation of
hepatocellular cells, breast cancer cell line, and prostate can-
cer by triggering cell cycle G2/M arrest and apoptosis [93].
Moreover, triterpenoid (KHF16) compounds have the ability
to induce cell cycle G2/M phase arrest and apoptosis in
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different cell lines, as well as potential to block TNFa-
induced p65 nuclear translocation, IKK«/f8 phosphorylation
in ERa/PR/HER2 triple-negative breast cancer cells [93].
Hence, bioactive compounds from C. foetida have great
potential to inhibit several cancers and must undergo for
clinical trials.

2.11. Taxus baccata L. (T. baccata). This plant is a member
of Taxaceae family and generally known as English yew or
European yew. It is widely found in Eastern Asia, Europe,
and North America [94, 95]. T. baccata is mostly used for
ornamental landscaping and inflammatory diseases, due to
the occurence of lignin derivatives. T. baccata contains large
amount of bioactive compounds such as Paclitaxel (taxol),
taxusin, baccatin, taxoids viz., baccatin, taxine, lignans, phe-
nols, phenolic glucoside, sugar derivatives, steroids, and fla-
vonoids  (3-O-rutinoside  quercetin,  3-O-rutinoside
myricetin, and quercetin) [96, 97]. T. baccata possesses a
wide range of biological activities; anticancer, antimalarial,
antirheumatic, abortifacient, anti-inflammatory, antinoci-
ceptive, and septic shock activities [96, 97]. However, two
bioactive compounds of T. baccata, lariciresinol and isolari-
ciresinol, have been reported for anticancer activities [98].
Lariciresinol and isolariciresinol are lignans, which were
revealed to have effective inhibitory effect on tumor necrosis
factor (TNF) in vitro [98]. It is known that TNF is one of the
main Thl cytokine released during initial phase of chronic,
and acute inflammatory diseases includes rheumatoid
arthritis, asthma, and septic shock [99]. Therefore, paclitaxel
(taxol) and taxanes isolated from T. baccata have been per-
mitted for therapeutics of numerous cancer-related diseases
such as lung cancer, Kaposi’s sarcoma, ovarian cancer, and
breast cancer [28, 96]. Currently, paclitaxel and taxanes are
under clinical trial for the treatment of other cancers in com-
bination with other bioactive compounds/chemotherapeutic
medications [96]. Furthermore, taxanes have potential to
inhibit the mitosis division.

2.12. Viscum album L. (V. album). This plant (V. album) is a
hemi-parasitic, evergreen shrub plant is a member of Santa-
laceae family and commonly known as Mistletoe or Euro-
pean mistletoe [100]. It is widely distributed in Europe,
southwest and northwest Africa, and central Asia. Several
bioactive compounds are known to be present in V. album
such as flavonoids, phenylpropanoids, alkaloids, proteins,
carbohydrates, oligosaccharides, polysaccharides, triter-
penes, steroids, lipophilic molecules, viscumneoside XII,
XIII, XIV, lectins, and conjugated acetylene compounds
[100-102]. Viscotoxins are thionines and are classified as
alpha and beta is the major low molecular protein of V.
album, which is extensively reported [103]. The biological
activities of V. album have been reported to be anticancer,
antidiabetic, antioxidant, anti-inflammatory, sedative, anti-
hypertensive, and hepatoprotective [101]. Furthermore, V.
album has been used mostly to treat high blood pressure,
arthrosis, hemorrhages, arteriosclerosis, diabetes, menstrual
disturbances, migraines, epilepsy, endometriosis, asthma
bronchiale, and neuralgias in the last 200 years [104, 105].
Several preclinical studies have been reported that V. album
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showed proapoptotic, immunostimulatory, and cytotoxic
effects [106]. Furthermore, in mouse/animal models, V.
album extract has showed direct antitumour activity, while
indirect activity showed via initiation of various immune
system pathways [106]. The main phytochemicals of V.
album such as lectins and viscotoxins are described to have
anticancer activity [107]. Lectins and viscotoxins play an
important role in cancer treatment because of their cytotoxic
and apoptotic effects. They are further able to increase cyto-
kine secretion, stimulate immune cells phagocytosis, induce
macrophage cytotoxicity, and enhance in vitro cytotoxic
effects on various cell lines [107, 108]. Efficacy of V. album
on the activity of natural killer (NK) cells and T-cytotoxic
cells was also investigated in another study [108]. Although
inhibition of NK cells cytotoxic activity was also discovered
in some studies, the majority of them showed an increase
in cell concentration and improved function [109, 110].
Whereas, several studies confirmed the stability of tumor,
reduction in tumor growth, or reduction in metastases with
improved survival rate [108, 109, 111]. Hence, V. album is
an excellent example of medicinal plant that acts as a link
between conventional and alternative medicine.

2.13. Gardenia jasminoides J. Ellis (G. jasminoides). G. jasmi-
noides belongs to Rubiaceae family and mostly found in
Asian reason such as China, India, Korea, Nepal, Tibet,
and Bhutan. It is mostly used in the treatment of hyperten-
sion, edema, inflammation, fever, headache, jaundice, and
hepatic disorders [112, 113]. G. jasminoides possesses several
biological activities; anticancer, antidepression, antioxidant,
hypoglycemic effect, antidiabetic, anti-inflammatory,
improvement in the quality of sleep, antigastritic, antiarthri-
tis, antihyperlipidemia, and also inhibition of retinal damage
[113, 114]. G. jasminoides is also widely used as a natural
yellow dye and as a traditional Chinese medicine since
ancient times. G. jasminoides contains many bioactive com-
pounds such as geniposide, crocin, genipin, gardenoside,
and iridiod [113]. However, chemical components of this
medicinal plant have been isolated and characterized as/
including volatile compounds, glucosides, triterpenoids,
organic acids, and iridoid [114]. Aliphatic acids, esters, alco-
hols, ketones, aldehydes, and aromatic derivatives are the
main volatile compounds found in G. jasminoides essential
oil [106]. Furthermore, G. jasminoides fruit contains iridoid
glycosides and crocin as main bioactive compounds with a
potential to exhibit antitumor, antioxidant, cytotoxic, and
antihyperlipidemic effects [115, 116]. G. jasminoides extract
can inhibit the activity of topoisomerase 1, which seemingly
encourages the formation of supercoiled DNA [116, 117].
Lim et al. (2010) reported that on KB oral cancer cells, the
cytotoxic effect of G. jasminoides extract dichloromethane
fraction increased in a dose-dependent manner [117]. This
cytotoxicity was not seen in the normal human epidermal
keratinocyte HaCaT cell line, but was found to be effective
against oral cancer KB cell line. Furthermore, Lim et al.
(2010) demonstrated that the dichloromethane fraction of
G. jasminoides extract induced apoptosis by increasing the
activities of caspase-3, 8, and 9, as well as the cleavage of poly
(ADP-ribose) polymerase [117]. Hence, these novel findings
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suggest that G. jasminoides extract could be a candidate for
the development of novel anticancer drug.

2.14. Colchicum autumnal L. (C. autumnale). C. autumnale,
commonly known as autumn crocus, is a flowering plant
which belongs to the family of Colchicaceae. It is native to
Great Britain and Ireland. C. autumnale is considered as a
toxic plant because of the presence of colchinine, which is
found in the bulb like corms of the plant [118]. Colchicine
is the main alkaloid of C. autumnale. It has narrow thera-
peutic index and is used effectively as a remedy against gout,
Behget’s disease, and familial Mediterranean fever at many
places [119]. The pain-relieving, anti-inflammatory, and
antiproliferative effects of colchicine are closely linked with
its ability to bind with tubulin, which plays an important
role in cell division. Colchicine blocks the cell cycle at the
G2/M phase inhibiting the action of tubulin, thereby the for-
mation of microtubule severely damages the internal scaf-
folding of the cells and trigger apoptosis [120]. Owing to
its high toxicity, colchicine has not found significant use in
cancer treatment; however, it is still used as a lead com-
pound for the generation of potential anticancer drugs [121].

2.15. Salvia pronitis Hance (S. prionitis). S. prionitis is an
annual herb, which belongs to the family of Lamiaceae. It
is native to the southern part of mainland China. A diterpe-
noid quinone named as Saprorthoquinone is the main com-
pound isolated from S. prionitis and is used as remedy of
fever, tonsillitis, pneumonia, and diarrhea [122, 123]. In
in vivo xenograft models of LAX-83 lung adenocarcinoma
cells, A-549 lung, Lewis lung, and S-180 sarcoma, Salvicine,
which is a diterpenoid quinone from S. prionitis, displayed
significant growth inhibitory activity [124, 125]. It also bears
cytotoxic effect on multidrug-resistant (MDR) tumor cells
[126]. Salvicine exerts its antineoplastic effects and induces
apoptosis by acting as a nonintercalative topoisomerase II
inhibitor. Additionally, Salvicine increases the level of intra-
cellular H,0, and is also linked with the occurrence of DNS
double-strand breaks [127]. Salvicine directly reacts with
GSH and results in significant depletion of intracellular
GSH. It has been suggested that both GSH-depletion-
driven H,O, generation and Topo II inhibition are critical
for Salvicine-mediated DNA double-strand breaks and apo-
ptosis [127].

2.16. Raphanus sativus L. (R. sativus). R. sativus is an impor-
tant and traditional annual vegetable in many countries,
which belongs to the family Cruciferae. The extract of R.
sativus is known to regulate phase I and II detoxification sys-
tem inhibiting the proliferation of HepG2 cells, significantly
[128]. Its extract contains glucosinolate compounds such as
4-methylthio-3-butenyl isothiocyanate and glucoraphasatin,
which imparts anticancer property to R. sativus [129]. The
extracts of R. sativus exhibit effective cytotoxicity against
HCT116 colon cancer cell line by inducing apoptosis [130].
Similarly, in the MDA-MB-231 breast cancer cell line, the
aerial extract showed effective cytotoxicity via the ErbB-
Akt pathway [131].
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2.17. Tinospora cordifolia (Willd.) Miers (T. cordifolia). T.
cordifolia is an herbaceous vine and belongs to the family
of Menispermaceae. It is indigenous to the tropical regions
of the Indian subcontinent. It has been used in the Indian
Ayurvedic medicines for centuries to treat jaundice, diabetes,
and rheumatoid arthritis and is also used as an immunosti-
mulant. T. cordifolia is known to have antineoplastic, antiox-
idant, hepatoprotective, hypolipidemic, and immunologic
properties [132]. It is reported to contain a wide array of bio-
logically active compounds which are isolated from the dif-
ferent parts of its body. The main bioactive compounds
having therapeutic values include diterpenoid, polysaccha-
rides, lactones, aliphatic compounds, steroids, alkaloids, ses-
quiterpenoid, and glycosides [133, 134]. The extract of T.
cordifolia is extensively used in medicinal formulation for
its antiperiodic, antispasmodic, antimicrobial, antiosteo-
porotic, anti-inflammatory, antiarthritic, antiallergic, and
antidiabetic properties [135, 136]. T. cordifolia is reported
to overcome cyclophosphamide (CP) induced toxicities in
cancer. In diethylnitrosamine induced hepatocellular carci-
noma model in rats, T. cordifolia has been reported for its
chemo-preventive potential. The chemo-preventive action
of T. cordifolia is manifested through the decrease in antiox-
idant activities via superoxide dismutase, catalase, and
detoxification enzymes like GPx and GSH, however, increase
in the hepatic marker’s activities such as lactate dehydroge-
nase, serum glutamic pyruvate transaminase, serum gluta-
mic oxaloacetic transaminase, and decreased serum
transaminase level [136, 137].

2.18. Nigella sativa (N. sativa). This medicinal plant is a
member of Ranunculaceae family with annual flowering
routine and is native to Eastern Europe and Western Asia.
The main bioactive compound which confers anticancer
properties to N. sativa is Thymoquinone (2-methyl-5-iso-
propyl-1, 4-benzoquinone). Thymoquinone exhibits cell
death of abnormal cells with growth inhibitory activities.
According to one study, it is reported that Thymoquinone
blocked the tumor growth in murine models [138]. It has
been reported that in breast cancer patients, severity of acute
radiation dermatitis is reduced after the topical application
of N. sativa gel [139]. Furthermore, in children with brain
tumors, reduction in febrile neutropenia has been reported
after taking the N. sativa seeds orally [140]. Thymoquinone
affects the triggering of numerous upregulation of tyrosine
kinases (e.g., PIP3, mTOR, Akt, and MAPK) as well as phos-
phorylation process of signaling pathways, which are partic-
ipated in tumor cell proliferation [141, 142]. Thymoquinone
also regulates the activation of transcriptional factors (e.g.,
NF-«B, Nrf2, STAT-3, NF-«B, and Nrf2) counteracting
diverse tumorigenic developments, such as cell survival, cell
proliferation, cell invasion, inflammation, angiogenesis, and
metastasis [142-144]. Thymoquinone shows chemo-
preventive properties by attenuating the production of pro-
inflammatory mediators (e.g., prostaglandins, chemokines,
and cytokines), upregulating the cytoprotective enzymes
(e.g., oxidoreductase, superoxide dismutase, and glutathione
S-transferase) and downregulating the carcinogen metabo-
lizing enzymes (e.g, CYP 3A4 and CYP 1A2) [142].
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Thymoquinone is also reported to sensitize cancer cells to
conventional chemotherapy, immunotherapy, and radio-
therapy by modulating the resistance mechanisms [145,
146]. Though thymoquinone bears great anticancer proper-
ties, its lower efficacy and poor bioavailability are the major
constraints as primary therapeutic agent against cancer
[147-149].

3. Future Prospective and Conclusion

Medicinal plant-based natural bioactive compounds have
played a significant role in human health. As details disputed
in this present review, focus was all given in developing new
anticancer agents or new treatment strategies protocol against
various cancers. As a result, several natural bioactive com-
pounds/metabolites can be investigated/explored in order to
explore the mechanistic action and detailed structure types
for developing novel anticancer drugs. Though, the drug dis-
covery process, which includes compound isolation, charac-
terization, biological activity determination, preclinical, and
clinical trials, is a lengthy and costly process but green alterna-
tives for cancer therapy without any after effects are worth any
cost. Current developments in modern techniques and
advance instrumentations helped in the identification of sev-
eral new and more effective novel bioactive drugs obtained
from potent medicinal plants, which may further lead in
developing effective anticancer compounds. Furthermore,
due to their therapeutic potential, they can not only be looked
as potential drug against cancer but also promising and effec-
tive supplementary foods or nutraceuticals, which are helpful
in promoting good health as well as in the management of
cancer. Plants are the rich source of bioactive compounds,
with active molecules that can act on a variety of biochemi-
cal/signaling pathways. Recent researches explore the novelty
and effectiveness of anticancer therapeutic drugs derived from
plants. Furthermore, some of the medicinal plants and their
bioactive compounds have been found to have significant
effect against various cancers, primarily breast cancer, lung
cancer, leukemia, Kaposi sarcoma, testicular germ cell tumor,
Hodgkin’s lymphoma, follicular lymphoma, ovarian germ cell
tumor, acute lymphoblastic leukemia, acute lymphoblastic
leukemia, and others with possible mechanism of action
revealed. Hence, it is critical that their identification/discovery
be pursued further in order to provide the public with more
efficient and compliant therapeutic agents against cancer.
The ultimate basis of this review is to reveal the potency of
plants as anticancer agents and concluding that most of the
research in this field always ends up in early stages without
proceeding to identify the full potential of these plants and
their therapeutic significance at molecular level, with only a
few under in vivo experiments and clinical trials as well.
Despite of the various potent advantages, there are some con-
cerns regarding the safety and toxicity of medicinal and herbal
plants. Some of the medicinal plants as whole can be allergenic
or harmful for sensitive populations, while in other cases, cer-
tain parts of a plant may be edible and another part may be
poisonous. Therefore, toxicological assessment of any medici-
nal or herbal plant is mandatorily required to identify the
adverse effects and to determine limits of exposure level at
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which such effects occur. Underestimating the toxicological
challenges associated with the use of drugs derived from
medicinal plants may pose serious health concerns.
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Aim. The aim of the current study is to investigate the antioxidant and apoptotic potential of Ajwa date flesh (ADF) and Ajwa date
pit (ADP) extract on human squamous cell carcinoma cell line (HSC-2). Method. ADF and ADP were extracted with a solvent
extraction method using hexane, acetone, and ethanol, which were then subjected to antioxidant assay by 2,2-diphenyl-1-
picrylhydrazyl (DPPH). HSC-2 cells were then treated with different concentrations of ADF and ADP extract for 24, 48, and
72 hours. MTT assay was performed to assess the antiproliferative effect, and Annexin V-FITC was used for the detection of
cellular apoptosis. Results. Acetone extracts of ADF and ADP had the highest radical scavenging and antioxidant activities
followed by the ethanolic extracts, whereas ADP appeared to have significantly higher antioxidant effects than ADF. MTT
assay demonstrated that acetone extracts of ADF and ADP were significantly cytotoxic against HSC-2 cells in a dose- and
time-dependent manner. The half inhibitory concentration (IC50) of ADF was found to be 8.69 mg/ml at 24h, and the
maximum cell growth inhibition was observed at 50 mg/ml. The IC50 for the ADP was found to be 0.97 mg/ml at 24 h, and
the maximum cell growth inhibition was observed at 5mg/ml. Statistical analysis of the flow cytometry assay showed that the
treatment with ADF and ADP extracts had a significant apoptotic effect which occurred in a dose-dependent manner. HSC-2
cells were seen in the late apoptotic stage with higher doses of ADF and ADP extract. ADP extract demonstrated higher
apoptotic activity than ADF extract. In addition, combined treatment of ADF and ADP was also performed on HSC-2 cells
which demonstrated higher apoptotic activity when compared to the single extract. Conclusion. Ajwa date fruit has a
promising cytotoxic effect by inhibiting the growth and proliferation of OSCC cells and inducing cell death by apoptosis.

1. Introduction

Oral squamous cell carcinoma (OSCC) is the 6™ most com-
mon cancer around the world. It has been documented that
90% of all oral malignancies are squamous cell carcinoma
(SCC) [1]. With an increase in the prevalence and mortality

rate, there were an estimated 377,713 new cases and 177,757
deaths from oral cancer in 2020 [2]. The incidence of the
disease is influenced by several factors such as use of
tobacco, betel quid chewing, alcohol drinking, infection with
HPYV, genetics, radiation, unhealthy diet, and physical inac-
tivity [3]. The 5-year survival rate is 50%, but if detected in
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early stages, it is increased to 60-80% [4]. Despite advance-
ment in surgical approach and radiation therapy, the adverse
effects of these treatments include anaemia, loss of appetite,
and peripheral neuropathy leading to poor quality of life.
Therefore, there is a need to develop an effective treatment
with potent anticancer activity and less adverse effects [5].

A new approach in the management of oral cancer treat-
ment is by antioxidant therapy. Reduction in oxidative stress
which damages the intracellular structure and DNA of cell
can be achieved by antioxidants, which are responsible for
the removal of free radicals. Studies have found that date
fruit scavenges the free radicals and prevents the occurrence
of macromolecular changes in living systems [6]. Studies
have also found that Ajwa date flesh and pit have shown gas-
troprotective [7], hepatoprotective [8], antidiabetic [9], and
anti-inflammatory properties [10] due to their strong anti-
oxidant, antimutagenic, and anticancerous activity which
can be attributed due to the presence of phenolic com-
pounds and flavonoid glycosides [11] [12]. Ajwa date flesh
and pit are also attributed for antimicrobial [13], antifungal
[14], and antiviral activities [15]. In the religion of Islam,
Ajwa dates have remarkable status as narrated in Hadith
by Sahih Al-Bukhari: The Prophet (peace be upon him) said
“Whoever eats seven Ajwa dates every morning will not be
harmed by poison or witchcraft all that day until night
comes” [16].

Ajwa are soft fleshy dates with blackish-brown colour.
The edible part is high in sugar content and moisture
whereas the pit part is high in crude protein [16], while
both parts contain abundant number of dietary fibres
and high amount of essential minerals which are necessary
for the skeletal growth and maintenance of cellular func-
tions in human body in contrast with other date varieties
[12, 16-18]. Provitamin A, C, D, E, and K; riboflavin (B2);
pyridoxine (B6); and niacin (B3) were also found in Ajwa
date flesh [19-21]. Date fruits also contain sulphated-
flavanol glycosides. This form of flavanols was not detected
before in any fruit as well as vegetables [22, 23].

Ajwa date fruit reported to have high amount of caroten-
oids like beta-carotene and lutein and polyphenols like
quercetin, isoquercetin, luteolin, apigenin, rutin, and antho-
cyanins when compared to other varieties [24]. These phyto-
chemicals are known for their antioxidant property which
help in the prevention and treatment of cancer through inhi-
bition of cell cycle progression and induction of apoptosis by
modulating signalling pathways which can regulate intracel-
lular reactive oxygen species (ROS), Bcl-2/Bax, and p53/p21
pathways [25, 26].

The anticancerous mechanism was investigated in a
study on human breast adenocarcinoma (MCF7) cell line
with methanolic extract of Ajwa date. The result showed sig-
nificant inhibition of cell proliferation in a dose- and time-
dependent manner. Flow cytometric analysis showed that
the cell death was due to apoptosis [27]. In another study,
date seed oil also has shown chemoprotective effects and
can be used in the prevention of skin cancer caused by UV
radiation [28, 29]. Few other in vitro studies showed similar
results of cytotoxic properties of Ajwa date extract with
aqueous acetone on cervical (HeLa) cell line [30], Ajwa date
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Ficure 1: DPPH scavenging activity of different solvents of ADF
extract at different concentrations. The curve for ascorbic acid has
been used as a standard. Each value represents the mean of three
independent experiments (1 = 3).

extract with ethanol on hepatocellular carcinoma (HepG2)
cell line [31], and lung cancer (NCI-H460) cell line [32].

The extraction of different phytochemical compounds is
influenced by the polarity of the solvent. Anthocyanins are
best extracted by ethanol [33], whereas acetone was the best
solvent for the extraction of phenols and flavonoids [34].
Since polyphenols, flavonoids, and flavones attributed to
the Ajwa date antioxidants and tissue protective properties,
it is important to select a single solvent which can yield the
maximum antioxidant from the fruit [35]. In the previous
literature, different solvents have been used to extract differ-
ent bioactive components according to their research needs;
therefore, three solvents were selected in the present study to
extract the maximum amount of polyphenols and flavo-
noids. To this date and to our best knowledge, no study
has been conducted to oversee the cytotoxic and apoptotic
effects of Ajwa date flesh and pit on human oral squamous
cell carcinoma cell line (HSC-2).

2. Materials and Methods

2.1. Preparation of Ajwa Date. Ajwa dates are only cultivated
in the outskirts of city of Madinah Al Munawwarah. Four kg
of Ajwa dates was purchased from the “Tamar Market” of
Al-Madinah Al Munawwarah, Kingdom of Saudi Arabia.
Medium-sized Ajwa dates without any visible physical dam-
age were selected and washed, first with tap water and then
with distilled water three times under sterile environment
to remove all the dust and soil particles; then dried with ster-
ile cotton cloth; and air-dried under shade for one night.
Ajwa dates were then manually pitted, and the seeds were
washed again to remove any remaining date flesh and air-
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dried for another night. Ajwa date flesh was chopped to
small pieces approximately 1 cm each using a surgical blade
no. 10. Ajwa pits and the cut date flesh were then further
dried completely using a freeze-drying method for a week
separately in order to stabilize the samples and prevent
microbial spoilage and hydrolytic rancidity [36]. Date pits
were milled using a laboratory milling grinder with
30~300-micron finesse. The flesh part was crushed coarsely
using a pestle and mortar. The powdered pits and flesh were
weighed and made into aliquots of 50 g and sealed into air-
tight plastic bags stored at -40°C in dark until required for
extraction.

2.2. Extraction of Date Flesh and Seed. In this study, different
solvents such as n-hexane, acetone/H,O (70:30, v/v), and
ethanol (70:30, v/v) were used successively in order to iso-
late a wide range of antioxidant compounds present in Ajwa
date’s flesh and pits. In this study, the order in which extrac-
tion was performed was n-hexane, acetone 70%, and ethanol
70%. Ajwa date’s flesh and pit extractions were performed
separately following the protocol described previously by
[27, 37] with slight modifications.

A portion of freeze-dried contents (15 g) was extracted in
n-hexane (150 ml) with a ratio of 1:10 (weight to volume)
for 48 hours at room temperature in a flat bottom flask on
a shaking incubator. Following extraction, the resultant
extract was filtered using Whatman No. 1 filter paper. The
remaining residue was further extracted in acetone/H,O
(70:30) for 48 hours at room temperature with continuous
agitation. The solution was filtered and evaporated under

vacuum using a concentrator to give a dark brownish
extract. Remaining insoluble residue was subjected to etha-
nol/H,O (70:30) extraction for 48h at room temperature.
The solution was filtered, and the filtrate was evaporated
under vacuum to give dark brown concentrate. All the crude
extracts were frozen, and the H,O removed by freeze-drying
to yield a brown solid. All the extracts of Ajwa date’s flesh
and pits were weighed, sealed, labelled, and stored at -20°C
in 50 ml tubes for analytical purposes.

2.3. Antioxidant Properties of Date Extract

2.3.1. DPPH Assay. To evaluate the antioxidant capacity of
Ajwa date’s flesh and seed extracts from three different sol-
vents, diphenyl picrylhydrazyl (DPPH) assay was carried
out to obtain the highest biologically active extract according
to the previously described protocol [38]. The working
solution of DPPH in methanol was prepared daily for the
measurement of antioxidants in the extracts using a UV
spectrophotometer. To prepare the 0.1mM of DPPH
(molecular weight 394.32 g/mol) solution, 3.94 mg of DPPH
was dissolved in 100 ml of methanol in a flask which was
covered by aluminium foil. Three ml of this solution was
then mixed with 100 ul of various concentrations of sample
extract solution in disposable microcuvettes. The samples
were kept in a dark place for 30 min at room temperature
before being measured for absorption at 517 nm using the
spectrophotometer. A blank sample containing 3ml of
DPPH solution was measured daily to obtain an absorbance
of 0.0 £0.02units at 517 nm. Ascorbic acid was used as a
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standard reference for the comparison of results. A standard
curve was prepared for calibration using six concentrations
of ascorbic acid ranging from 1.5 to 50 mg/ml. The total
antioxidants are expressed as milligrams per milliliter of
ascorbic acid. The experiment was run in triplicate, and
average was taken to calculate the radical scavenging activity
using the following formula:

%inhibition = {(AbA;A*)} x 100, (1)
b

where Ay is absorbance of control and A, is absorbance of
the sample.

2.4. Cytotoxic Properties of the Date Extract

2.4.1. HSC-2 Cell Culture. HSC-2, RCB-1945, is a human
oral squamous carcinoma cell line, which was purchased
from Riken Cell Bank, Japan. HSC-2 cells were cultured in
minimum essential medium (MEM) containing 2mM L-
glutamine, 10% fetal bovine serum (FBS), and 1% penicil-
lin/streptomycin. The cells were incubated in 5% CO, at
37°C incubation in a humidified CO, incubator. Cells were
maintained as a monolayer, and cell passage was performed
every 3™ or 4™ day.

2.5. Evaluation of Morphological Changes of HSC-2 Cells.
Cells were cultured in 6-wells (10mm) cell culture petri
dishes at a seeding density of 2 x 10° cells/well. After 24-
hour attachment, the cells were treated with different con-
centrations of Ajwa date’s flesh and pit extracts separately
and in combination, whereas untreated cells served as con-
trol. The morphological changes were observed under an
inverted microscope, and images were taken for the compar-
ison with the untreated cell images at 48-hour treatment.
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FIGURE 4: Comparison of EC50 value of aq. acetone and aq.
ethanol extract of ADP with the standard EC50 value of ascorbic
acid. ***Significant difference from control at p <0.05; NS: no
significant difference from control.

2.6. Assessing Cell Viability by MTT Assay. In this study,
the  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was used to determine the cytotoxic
effect of Ajwa date’s flesh and pit extracts on oral squamous
cell carcinoma. A range of concentrations (0.8, 1.5, 3.1, 6.3,
12.5, 25, and 50 mg/ml) of ADF extract [27, 31, 39] and
(0.08,0.31, 0.63, 1.15, 1.25, 2.5, and 5mg/ml) of ADP extract
[40, 41] were selected with 70% aq. acetone.

The HSC-2 cells were harvested and seeded in a 96-well
plate at a cell density of 5 x 10° cells/well. Cell’s attachment
was confirmed under a microscope after 24 hours; the cells
were then treated with different concentrations of ADF
and ADP extracts separately. Control wells were treated with
the same amount of complete growth media only. For every
treatment and untreated control group, complete growth
media without cells were added as a blank to reduce the
background absorbance values. For every concentration of
ADF and ADP extracts, 6 wells were used, three with treat-
ment and three as blanks. All the experiments were carried
out three times independently with 3 replicates in each
experiment.

The cells were grown with sample extracts up to three
different time points (24h, 48h, and 72h) after which
MTT assay was performed by removing the medium gently
and adding 10 yl of MTT solution with a final concentration
of 5mg/ml per well, and incubated at 37°C for about 4 hours
until the purple crystals were formed. After that, the MTT
solution was discarded from every well and 100 ul of DMSO
was added to dissolve the crystals. The 96-well plate was
mounted on a microplate shaker and shaken for 15 minutes
until the crystals completely dissolved. The absorbance value
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(g) Flesh 25 mg/ml + pits 2.5 mg/ml

F1GURE 5: Morphological appearance under an inverted light microscope after 48 hours. Mitotic figures can be seen in (a), cell shrinkage and
cell detachment can be seen in (b) and (c), and membrane disruptions, cytoplasmic condensation, and cell death can be seen in (d), (e), (),

and (g); magnification 100x.

for each well was determined at an optical density at 570 nm
wavelength using an ELISA microplate reader [42]. The 50%
inhibitory concentration (IC,) of the ADF and ADP extract
was also calculated at 24 h.

The cell viability (CV) percentage after treatment with
ADF and ADP extract was calculated with the formula
below:

absorbance of treatment cells-absorbance of blanks
CV(%) =

absorbance of control cell-absorbance of blanks
x 100.

(2)

2.7. Detection of Apoptosis by Flow Cytometry Assay.
Annexin V-FITC (fluorescein isothiocyanate) Apoptosis
Detection Kit I was used to quantify apoptotic cells by flow
cytometry following the manufacturer’s instructions. For
negative control, untreated cells were used. Briefly, HSC-2
cells at 2 x 10° cells/ml density were incubated for 24h to
allow adherence of cells to the 6-well culture plate. After
24 hours, the cells were incubated with 8.69 mg/ml (IC,,)
and 25mg/ml of ADF extract and 0.97 mg/ml (IC,;) and
2.5mg/ml of ADP extracts for 24, 48, and 72 hours. After
the given time point, the cells were harvested by washing
with PBS and trypsinizing with 400-450 pl of trypsin. Cells
were then centrifuged with 1 ml of cold PBS twice and once
with 100 pl of 1X binding buffer solution for 5 minutes each
time at 157 x g. The cells were stained with 5yl Annexin V-
FITC and 5 pl Propidium Iodide (PI) for 15min at 25°C in
the dark and resuspended in 400 ul of 1X binding buffer
solution and immediately analysed by BD Accuri ™ C6 flow
cytometry in 5ml round-bottom polystyrene FACS tubes.
Wavelengths of 533 nm and 585 nm were used for Annexin
V-FITC and PI, respectively. 10,000 events per sample were
recorded on forward scatter versus side scatter plot using BD
Accuri™ C6 software. Control samples were prepared sepa-
rately for the purpose of recording the HSC-2 cells according
to their granularity and size. Cells with PI-only stain repre-
sent necrosis, PI and Annexin-V represent late apoptosis,

cells stained with Annexin-V only represent early apoptosis,
and unstained cells were evaluated as viable healthy cells.

2.8. Combination Treatment. A combination treatment of
both ADF and ADP extracts was performed together to
analyse if there was any synergistic effect in apoptosis of
the cells.

IC,, concentrations from the MTT assay of ADF and
ADP were combined together (8.69 mg/ml+ 0.97 mg/ml)
as a single treatment, and the results were recorded.

Likewise, next higher concentrations were combined for
both the extracts (25 mg/ml + 2.5 mg/ml) and used as a sin-
gle treatment to observe if it had significantly higher apopto-
tic effect than if used separately.

2.9. Statistical Analysis. The statistical analysis was carried
out using SPSS 24 version. To compare the difference
between the control and the treated groups for DPPH, cell
proliferation and apoptosis assay. One-way ANOVA was
conducted followed by either Tukey’s post hoc or Dunnett’s
multiple comparison test. The IC,, values for DPPH and
MTT assay were calculated using nonlinear regression anal-
ysis function with Prism GraphPad software (version 7). All
experimental data was represented as the mean + standard
deviation (SD) of three independent experiments which
were performed in triplicate. A p value of less than 0.05
(p < 0.05) was considered statistically significant.

3. Results

3.1. DPPH Assay. Assessment of the total antioxidant
contents of the Ajwa date flesh’s extract was performed.
The assay could not be performed with n-hexane solvent
due to the insufficient amount of extracted residue present
to make a working solution to perform the assay. Therefore,
antioxidant activity from the acetone/H,O (70:30, v/v) and
ethanol/H,0 (70:30, v/v) was studied.

The results of ADF sample of aq. acetone 70% and aq.
ethanol 70% of 1 to 50 mg/ml concentrations are shown in
Figure 1. Data shows that the percentage of inhibition of
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FIGURE 6: Inhibition of proliferation of HSC-2 cell. MTT assay of HSC-2 cells treated with ADF extract at different concentrations at
(a) 24h, (b) 48h, and (c) 72h. These decreases in percentage of cell viability were statistically significant. The values are expressed as
mean SD from triplicate samples of three independent experiments. * indicates p < 0.05.

aq. acetone 70% ADF extract was higher than that of the aq.
ethanol 70% ADF extract. The curve for ascorbic acid also
showed the same inhibition pattern, but at a very low con-
centration of 1.5mg/ml, it reached the highest inhibition
percentage of 89.8%.

The graph (Figure 1) presented showed that the extract
concentrations of both solvents are proportional to the per-
centage of inhibition, which means the greater the concen-
tration of extracts, the greater the DPPH scavenging
activity. The inhibition percentage was significantly greater
for the aq. acetone extract of ADF (median =15.1%) than
the aq. ethanol extract of ADF (median =5.6%) (p=0.011).

3.2. Determination of EC4, Value for Ajwa Date Flesh Extract
with Various Solvents. EC, is the dose concentration of the
sample required to reduce 50% of the free radicals of DPPH.
The half-maximal effective concentration (ECs,) of 70% aq.
acetone extract of ADF was 52.09 mg/ml, and EC,;, of 70%
aq. ethanol extract of ADF was 133.94 mg/ml. Ascorbic acid
EC;, = 0.206 mg/ml. The graphical representation is shown
in Figure 2. These results suggest that 70% acetone extract
has more antioxidant activity than the 70% ethanol extract
of flesh sample. The high EC,, value of 70% ethanol extract
suggests the minimal amount of antioxidant present in this
extract.



3.3. Assessment of the Total Antioxidant Contents of the
ADP. For ADP sample, concentrations ranging from 0 to
5mg/ml were selected for both solvents. 70% aqueous
acetone extract has greater DPPH free radical scavenging
activity at a lower concentration than 70% aqueous ethanol
extract of ADP, but the highest average yield of the total
antioxidants for both the solvent samples was reached at
the concentration of 5mg/ml as shown in Figure 3. At the
P <0.05 level of significance, the results showed that there
is significant difference in the inhibition percentage (p =
0.04) between the 70% acetone (median = 86.2%) and 70%
ethanol (median = 39.1%) solvent extract.

3.4. Determination of EC;, Value of Ajwa Date Pits with
Various Solvents. The ECy, of 70% aq. acetone extract of
ADP was 0.153 mg/ml, and that of 70% aq. ethanol extract
of ADP was 0.954 mg/ml. The EC,, value of ascorbic acid
was 0.206 mg/ml, as shown in Figure 4.

3.5. ADF and ADP Induced Changes in Cell Morphology.
Images taken from the light microscope of HSC-2 cells of
control sample demonstrated characteristic of epithelial
nature and growth proliferation as a monolayer. The cells
appeared to be attached together in an ovoid shape with a
large central nucleus; dividing cell can also be seen with
two or more nucleoli in Figure 5(a). In contrast, the ADF
and ADP extract-treated cells showed mild to severe
decrease in cell numbers (Figures 5(b)-5(g)) which was dose
dependent leaving behind very few live cells. At a concentra-
tion of ADF extract IC;, cell shrinkage and partial cell-to-
cell detachment can be seen; cells have also started losing
their shape. At a concentration of ADF extract 25mg/ml,
more drastic changes can be seen; cells have become
rounded in shape with complete cell-to-cell detachment,
with decrease in number of viable cells. For ADP extract at
a concentration of ICs, cytoplasmic vacuolization, nuclear
condensation, and cluster shrinkage can be seen. At a con-
centration of 2.5mg/ml, a lot of cellular fragmentation can
be seen with very few viable cells. For the combination treat-
ment with ADF and ADP extract, drastic morphological
changes can be seen in Figures 5(f) and 5(g)); nuclear con-
densation, cell membrane blebbing, and fragmentation are
vastly present with very few viable cells.

3.6. ADF Inhibited HCS-2 Cell Proliferation. The MTT assay
results from the present study demonstrated HSC-2 cell
growth inhibition following the treatment with ADF extract.
At 24h treatment period, ADF extract reduced cell viability
to 99, 90.3, 76.5, 36.5, 22.4, and 15.6% at 1.5, 3.1, 6.3, 12.5,
25, and 50 mg/ml, respectively. Negative correlation can be
seen between the concentration of ADF extract and viable
cells of OSCC. As the concentration of the ADF extract
increases from 1.5 to 50 mg/ml, the percentage of viable cells
decreased from 99% to 15.6% indicating a dose-dependent
manner. At 48h treatment period, ADF extract exerted a
more pronounced effect, drastically reducing the viability
of treated cells to 98.5, 88.6, 65.6, 29, 14.8, and 5.9% at 1.5,
3.1, 6.3, 12.5, 25, and 50 mg/ml of extract, respectively.
Moreover, a further decrease in cell viability percentage
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F1GURE 7: Determination of IC;, value of (ADF) on HSC-2 cells.

was seen at 72h with a percentage of 66.5, 61.1 46.3, 19.4,
7.3,and 2.9% at 1.5, 3.1, 6.3, 12.5, 25, and 50 mg/ml, respec-
tively, stipulating that ADF extract is more toxic at higher
concentrations, as presented in Figure 6. From the above
results at 50 mg/ml concentration, the cell viability decreased
to 15.6% at 24h, 5.9% at 48h, and 2.9% at 72h. Therefore,
the cell viability data proposed that treatment with ADF
extract significantly reduced HSC-2 cell growth in both
dose- and time-dependent manners, signifying its ability to
impair proliferation potential. IC., value is estimated to
comprehend the basic pharmacological and biological char-
acteristics; the lower the IC,, value, the more potent the drug
is [43]. The IC;, value was determined to be 8.69 mg/ml at
24 h duration, in Figure 7.

3.7. ADP Inhibited HSC-2 Cell Proliferation. MTT assay
demonstrated HSC-2 cell growth inhibition following the
treatment with ADP extract in a dose-dependent manner
(Figure 8). Ajwa date pit extract showed similar but enhanced
results compared to the flesh part with significant cytotoxic
effect on the viability on HSC-2 cells. At 24 h treatment incu-
bation time, ADP extract reduced cell viability to 82.2, 73.7,
54.9, 40.7, 22.3, 15.1, and 6.6% at 0.08, 0.3, 10.6, 31.1, 51.2,
2.5, and 5.00mg/ml concentration of ADP extract, respec-
tively. At 48 h treatment period, ADP extract reduced cell via-
bility 79.3, 70.1, 46.5, 25.3, 14.2, 10.6, and 3.7% at 0.08, 0.3,
10.6, 31.1, 51.2, 2.5, and 5.00 mg/ml concentration of ADP
extract, respectively, as shown in Figure 8. Thus, the data dem-
onstrated cell growth inhibition in a dose- and time-
dependent manner. The significant decrease in percentage of
cell viability started from 0.63 mg/ml concentration at 24h
and at 48 hours and 1.25mg/ml at 72h. The IC,, value was
determined to be 0.97 mg/ml at 24 h duration from Figure 9.

3.8. ADF and APD Induced Apoptosis in HSC-2 Cells. The
percentage of early apoptotic and late apoptotic cells
increased in the treated group when compared to that of
the early and late apoptotic cells of control cells. Among
the various extracts, ADP 2.5 mg/ml showed the highest per-
centage of late apoptotic cells and combination of ADF and
ADP IC,, concentration showed the highest percentage of
early apoptotic cells at 24 h. At 48h, ADP IC,, showed the
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F1GURE 8: MTT assay of HSC-2 cells treated with ADP extract at different concentrations at (a) 24 h, (b) 48h, and (c) 72 h. The values are
expressed as mean SD from triplicate samples of three independent experiments. * indicates p < 0.05.

highest percentage of late apoptotic cells and combination of
ADF 25mg/ml+ADP 2.5mg/ml showed the highest early
apoptotic cells. At 72h, the increase in total apoptotic cells
was 40 + 47.09% and 62.37 £+ 50.09% for IC;, (8.69) mg/ml
and 25 mg/ml of ADF, respectively; for ADP, total apopto-
tic cells were 82.13 +50.7% and 69.77 +37.03% for IC50
(0.97) mg/ml and 2.5mg/ml, respectively, compared to
control 10.83 +3.87%. (Figures 10 and 11).

When the combination of both ADF and ADP extracts as
a single-treatment ADF and ADP IC,, (8.69 + 0.97) mg/ml

and ADF and ADP (25 +2.5) mg/ml is given, the result of
total apoptotic cells was76.57 + 50.21 % and 75.47 + 21.64 %
(Figures 10 and 11(a)-11(d)).

4. Discussion

The DPPH results of ADF and ADP extracts demonstrated
that when acetone was used as a solvent, higher antioxidant
activity was obtained in both flesh and pits compared to the
values obtained with ethanol at the same solvent
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concentrations (70%). These results are in line with a previ-
ous study conducted by Nematallah et al. in 2018 where 50%
aq. acetone yielded the highest antioxidant activity in Ajwa
date, followed by ethanolic extract. The variations in the
values can be due to the difference in extraction procedure
[44]. Another important finding observed from the DPPH
assay was that the pit extract exhibited higher antioxidant
activity with both the solvents when compared with the flesh
part. These results are in support with a study reported by
Magsood et al. where the concentration of acetone and eth-
anol between 60 and 80% yielded the highest DPPH free
radical scavenging activity from a date pit [45]. Therefore,
it can be concluded that pit appeared to be a richer source
for phenols and flavonoids; these results can be supported
by previous studies, where date pits are the highest source
of total polyphenols among tea, flaxseed, nut seeds, grapes,
and even date flesh [46, 47]. Date fruit flesh also contains
polyphenols like quercetin and kaempferol [48], which pos-
sess anticancer activity against oral squamous cell carcinoma
[49, 50]. Therefore, it can be said that the anticancer effect of
Ajwa date extract against HSC-2 cells might be due to the
integrated or collective effect of the potential bioactive com-
ponents of Ajwa dates. The anticancer activity of these bio-
active compounds can be mediated by several molecular
mechanisms including free radical scavenging activity,
deactivation of carcinogenic metabolites, antiproliferation,
induction of apoptosis, and cell cycle arrest [51].

One of the hallmarks of cancers is its ability to replicate
and invade through escaping apoptosis, being insensitive to
antigrowth signals, and self-sufficient in growth signals to
proliferate uncontrollably. Hence, finding new drugs and
treatments, targeting various pathways in the induction of
apoptosis and inhibition in the proliferation, plays an
important role in the treatment of cancers. Interestingly,
the morphological data of the present study revealed ADF-
and APD-mediated changes which are indicative of apopto-
sis. Treated cells appeared shrunken, nonadherent, partially
detached, and rounded in shape, with also a decrease in cell
number. As the concentration of ADF and ADP extracts
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increased, more drastic changes were observed like cluster
shrinkage, membrane blebbing, and cellular fragmentations
leading to cell death, exhibiting a dose-dependent severity.
These are typically initial characteristic features of apoptotic
cell death [52]. In addition, both MTT and annexin V-FITC
costaining with PI assays demonstrated inhibition in cell
growth following treatment with ADF and ADP extract,
supporting the morphological observations in the HSC-2
cells. In previous studies, apoptosis or initiation of apoptotic
pathways has been induced by bioactive components and
secondary metabolites of natural products [53].

Interestingly, in the present study, the data from MTT
assay showed that, at a concentration of 0.8 mg/ml of ADF
extract, there was an increase in cell viability percentage of
117.9 and 111.4% at 24 and 48h of incubation period,
respectively, when compared to the untreated control group.
This could be explained by a phenomenon known as horm-
esis, where some cells might try to adjust to the toxic envi-
ronment at very low dose resulting in a higher MTT signal
compared to the control [54]. ADP extract showed increased
cytotoxic effect on the viability on HSC-2 cells, which can
mainly be attributed to the presence of high amount of phe-
nolics, flavonoids, and vitamin C in the seeds compared to
the flesh part [46]. The date seeds contain high amount of
total polyphenols, close to 3942 mg/100 g, whereas date flesh
contains 239.5mg/100 g wet weight [34].

In a study, the IC,, value of ADF extract against human
hepatocellular carcinoma (HepG2) cells was 20.03 mg/ml
after 24-hour exposure [31]. In comparison to the present
study, the IC;, value of 8.96 mg/ml after 24-hour treatment
period indicates that ADF extract was more effective against
HSC-2 cells. The variation in the IC;, value could be due to
many reasons. It could be the difference in proliferation rate
of the cells or the cell density during the assay period [55].

On the contrary, the 50% inhibition of HSC-2 cells by
ADP extract with an extremely low IC, in the present study
confirmed the anticancer property of ADP extract. In a
similar study conducted by Thouri and colleagues in
2018, it was shown that date pit extract of two different
varieties induced significant growth inhibition and apopto-
sis in a human cervical cell line (HeLa) and human liver
cell line (HepG2) with an ICg, value of 0.028 mg/ml and
0.034 mg/ml, respectively. They also reported that the seed
extract had no cytotoxic effects on normal fibroblast cell
line [41]. Interestingly, polyphenols were distinguished by
their low cytotoxic effects towards normal cell line and
increased cytotoxicity towards cancer cell line [56].

The exact mode of action of ADF and ADP extract on
HSC-2 cells is not fully understood. Nonetheless, a likely
route of action for the extract could be via modulating oxi-
dative stress and scavenging free radicals within the cells.
Various stimuli including reactive oxygen species are known
to activate HSC-2 cells [57]. In the present study, flow
cytometry analysis indicated that the cytotoxic effects in
HSC-2 cells were due to apoptosis induction. Furthermore,
the results also displayed that with a lower concentration
of both ADF and ADP extracts, HSC-2 cells were observed
more in early apoptosis stage while late apoptosis stage was
identified at a higher concentration of extracts. The data also
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Figure 11:

Continued.
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FIGURE 11: Annexin V-FITC and PI assays on HSC-2 cells treated with various concentrations of ADF and ADP for 24, 48, and 72 hours are
represented in a dot-plot graph, where the AV-/PI- quadrant represents viable cells, AV+/PI- quadrant represents cells in early apoptosis,
AV+/PI+ quadrant represents cells in late apoptosis, and AV-/PI+ quadrant represents dead or necrotic cells. (a) Represent the control
group, (b) represent flesh with IC;, value and flesh with 25 mg/ml, (c) shows pits with IC;, and 2.5 mg/ml value, and (d) shows the
combination of flesh IC,,+pits IC, and flesh 25 mg/ml+pits 2.5 mg/ml.
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suggests a time-dependent manner. The apoptotic activity
exhibited by the ADF and ADP extracts may be attributed
to the presence of phenols and flavonoid content like rutin,
catechin, caffeic acid, apigenin, and quercetin which are
present in Ajwa date flesh and pit [46, 58].

A previous study has reported the induction of apoptosis
in breast cancer MCF-7 cells by the methanolic extract of
Ajwa date flesh [27], in which it was reported that the per-
centage of total apoptotic cells was 68.1% at 25mg/ml at
48 h of treatment duration, which correlates with the find-
ings of present study where the total apoptotic cells at 48 h
were 67.1% at 25 mg/ml of ADF extract. With the loss of cell
membrane asymmetry, the phosphatidylserine (PS) flips
towards the outside, which is considered to be a hallmark
of cell in later stages of apoptosis [59]. Furthermore, ADP
extract had increased apoptosis, compared to ADF. This
result supports the results of MTT assay, in which there
was significant cell death after the treatment of Ajwa date
extract; apoptosis assay elaborates that the cell went through
early and late stages of apoptosis before dying, thus con-
firming that Ajwa date induced apoptotic cell death in oral
cancer cells.

The present study also investigated the combined effect
of ADF and ADP extracts for the induction of apoptosis in
HSC-2 cells. At 24h, the percentage of early apoptotic cells
with the combination treatment was 39.2% whereas when
treated separately, it was 9.10% and 33.4% for ADF and
ADP extract, respectively. Although it was not significantly
higher than the single treatment, this may suggest that Ajwa
date can induce higher level of apoptotic effect when used as
a whole. Previously, many studies have evaluated the bioac-
tive phenolic compounds of fruit seed more than the fruit
flesh. Similar to the present study, grape seed extract had
induced apoptotic cell death in OSCC [60]. Not only the
seed but the peel (skin) and the edible part of grape have
demonstrated apoptotic activity [61, 62]. Many other fruits
have demonstrated higher polyphenol content in their seed
than the edible flesh [47]. Therefore, it can be suggested that
the fruit as a whole can be more beneficial in providing pro-
tection against carcinogenic effects and the seed part can be
utilized in many different forms; like recently, date pit
powder was used to make noncaffeinated coffee with coffee
flavour [63].

5. Conclusion

In conclusion, the results from the present study suggest that
Ajwa date (flesh and pit) demonstrated significant cytotoxic
and antiproliferative activity against HSC-2 cells. The IC,
value demonstrated that Ajwa pit had a stronger antiprolif-
erative effect than the flesh extract signifying its higher
anticancerous potential, which was further confirmed in
morphological alteration such as nuclear shrinkage, blebbing
of cell membrane, and reduction in cell number, which are
characteristic features of apoptotic cells. Furthermore, ADF
and ADP extract was found to cause cell death via apoptosis
in OSCC cells by flow cytometry assay in a dose- and time-
dependent manner. The present study also demonstrates
that Ajwa date as a whole can induce apoptosis more effec-

BioMed Research International

tively than as separately. As research is still ongoing, further
studies can be conducted to purify and identify individual
components of the Ajwa date flesh and seed that are respon-
sible for the anticancer properties and to better understand
the in-depth molecular mechanism of action of apoptosis
so that a novel chemotherapeutic drug can be made with
less/no conventional side effects.
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Ethiopia is one of Africa’s six plant-rich countries, with around 60% of the plants being indigenous and most of them having
medicinal properties. 80% of people in the country use these plants as a primary health care system to tackle different diseases,
including cancer. This review is aimed at summarizing the evidence gained from diverse MPs in Ethiopia that have been used
ethnobotanically and ethnopharmacologically for treatment of cancer. The primary data sources were Google Scholar, Web of
Science, Science Direct, Scopus, PubMed, and other electronic scientific databases. This literature review showed that there are
around 200 MPs used as anticancer. Seventy-four herbs, 39 trees, 77 shrubs, and 17 weed/climbers belonging to 56 families
have been identified for their ethnobotanical anticancer potential, and 31 species were recognized for their pharmaceutically
anticancer activities. The reviewed data also indicated that many Ethiopian MPs had been used to treat breast, lung, blood, and
skin cancers and other tumors. Besides, the collected data showed that the leaves (36.76%), roots (27.2%), bark (12.5%), stem
(5.1%), and fruit (7.35%) of plants are commonly used for the preparation of anticancer remedies. Among the reported plant
species, Euphorbiaceae (10.71%), Acanthaceae (7.14%), and Asteraceae (7.1%) are the most prominent plant families being
used to treat cancer ethnobotanically. Phytochemicals such as flavonoids (like xanthone, indirubin, flavopiridol, and silybin),
alkaloids (like taxol, vincristine, evodiamine, and berberine), and physalin B, D, and F steroids exhibited anticancer activity on
various cancer cell lines. The crude extracts of Aerva javanica, Vernonia leopoldi, Withania somnifera, Kniphofia foliosa, and
Catharanthus roseus were powerful anticancer agents with an IC;, value below 10 ug/mL. Although several Ethiopian plants
possess anticancer potential, only a limited number of plants are scientifically studied. Therefore, more scientific studies on
anticancer MPs should be carried out; it may lead to discovering and isolating cost-effective and safe anticancer drugs.

1. Background

Plants are the sources of different chemical constituents such
as essential oils, seed oils, and other phytochemicals, which
gives a potential for various applications and pharmaceutical
uses [1-4]. Specifically, traditional MPs (TMs) keep us
healthy and treat different illnesses [5]. People have used
TMs as primary health care contributors for thousands of
years, and they play a vital role in preventing many diseases
in resource-limited areas of developing countries [6, 7].
Nowadays, more attention has been given to TMs by differ-

ent researchers because they can generate many uses and
applications in the line of medicine and pharmacy [8]. In
China, from total medicinal consumption, about 30% to
50% was gained from medicinal plants (MPs) [9]. In India,
there are 17,500 native plant species from these 7,500 species
that are used in ethnomedicines. About 2,000 aromatic and
medicinal plant species are commercially used in Europe,
while over 5,000 plant species are estimated to be used for
medicinal purposes in Africa [10]. In Mali, Ghana, Nigeria,
and Zambia, 60% of children’s first treatment is obtained
from a medicinal plant. In Ethiopia, approximately 80% of
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the population uses MPs because of the cultural suitability
for local medicine [9].

Ethiopia has a vast diversity of plant species due to the
presence of various topographical settings, ranging from
the highest mountain to a deep valley; as a result, Ethiopia
is rich in MPs [11]. There are about 6,000 plant species in
the country, with 12 percent of them being endemic [12].
In Ethiopia, more than 800 plant species have been claimed
to treat more than 300 ailments [13]. The bioactive com-
pounds are responsible for the pharmaceutical properties
of MPs [14] and can be isolated from plant seeds, fruits,
bark, leaves, stems, roots, and flowers [15]. Alkaloids, terpe-
noids, flavonoids, glycosides, and polyphenols are bioactive
compounds obtained from MPs and are used to cure various
diseases, including cancer [16].

Nowadays, cancer is one of the deadliest diseases in the
world, which has been estimated to cause 9.9 million deaths
in 2020 [17]. It also becomes a health problem in Ethiopia
[18]. According to the report of Woldu et al. [19], each year,
there are more than 150,000 cancer cases reported in the
country; from these, about 4% result to deaths. The data
obtained from the WHO indicated many types of cancers
in Ethiopia; some of them are blood cancer, lung cancer,
skin cancer, breast cancer, etc. [20]. Local people of Ethiopia
have used different traditional practices to treat cancer [21].
MPs have been highly demanded in Ethiopia to treat cancer
disease, because of their relatively low cost, the trust of com-
munities on medicinal values of TMs being high, inadequate
health centers, and shortage of drugs and personnel in
clinics [13]. Some of the frequently cited anticancer MPs
used by Ethiopian people to treat different types of cancers
are Aerva javanica, Bersama abyssinica, Asparagus africanus,
Brucea antidysenterica [22], Nigella sativa [23], Matricaria
chamomilla, Foeniculum vulgare [24], Zingiber officinale,
Hibiscus sabdariffa, Glinus lotoides, Mentha piperita, Trachy-
spermum Ammi [25], Lepidium sativum [26], Commiphora
myrrha [27], Ruta chalepensis (28], and Lippia adoensis
[29] as illustrated in Figure 1.

Although several Ethiopian plants were known to pos-
sess anticancer activity, very little scientific research is car-
ried out on these MPs [30]. Also, a limited number of
classes of secondary metabolites and pure isolated com-
pounds were tested against cancer cell lines. Insufficient doc-
umentation on the ethnobotanical use of anticancer MPs is
another problem in sharing traditional medicinal knowledge
[31]. This review is aimed at giving an overview of the eth-
nomedicinal and phytochemical bases of anticancer MPs of
Ethiopia.

2. Methods

Published research papers, review papers, proceedings, short
communications, and book chapters on different MPs used
to treat various forms of cancer in Ethiopia were retrieved
from multiple databases such as PubMed, Web of Science,
Scopus, and Google Scholar. More than 100 publications
were obtained from 2007 to 2020. In the search process, key-
words phytochemistry of anticancer plants of Ethiopia, tra-
ditional anticancer medicinal plant of Ethiopia, MPs used
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against cancer/tumor in Ethiopia, herbal medicine tradi-
tional medicine used against cancer in Ethiopia, and bioac-
tive compounds isolated from the anticancer medicinal
plant of Ethiopia were used. We classified the data according
to the type of cancer (breast cancer, lung cancer, blood can-
cer, and skin cancer) and medicinal plant habits (shrub,
herb, tree, weed, and climber). Additional important papers
were also examined based on the reference list of the
retrieved documents. ChemDraw was used to draw the
structure of bioactive compounds, and pie charts were pre-
pared using Excel software, while Endnote performed refer-
ence writing. We use the Natural Products Database for
Africa (NDA) to write the botanical name and the local
name of the medicinal plant.

3. Cancer Status in Ethiopia

Ethiopia is Africa’s second-most populous country, and it is
forecasted to become the world’s ninth most populous coun-
try by 2050, with a projected increase in cancer burden [32].
Cancer is expected to account for around 5.8% of total
national mortality in Ethiopia. Except for Addis Ababa,
where population-based statistics are available, it is esti-
mated that the annual incidence of cancer is about 60,960
cases and the annual mortality is over 44,000 [33]. Accord-
ing to a World Health Organization report on cancer [34],
77,352 new cancer cases were reported in both sexes of all
ages, of which 26,754 were male of all ages and 50,598 were
female of all ages. This showed that the number of new
female cancer cases is 89.8% higher than that of males. Some
of the recorded new cancer cases in 2020 were breast cancer
(20.9%), leukemia (5.6%), cervix uteri (9.6%), colorectum
(3.6%), and non-Hodgkin lymphoma (4.9%) (Table 1), and
the mortality rates in the specified year were 24.1% (breast),
16.0% (cervix uteri), 3.9% (leukemia), 5.5% (ovary), 3.6%
(lung), 3.4% (stomach), 5.5% (colorectum), and 5.9% (pros-
tate) [34]. According to Tuasha et al. [11], from the total
medicinal plant consumption used to treat cancer, 44.33%
accounts for neck cancer, 14.0% breast cancer, and 10.67%
skin cancer. The rest are the cancer of the brain, bone, rectal,
lung, anus, cervix, and others.

3.1. Ethnobotanical Survey of MPs for Cancer Treatment.
MPs are essential part of human life. For more than 2,000
years, they have been used as alternative medicine in the
world [11]. Approximately 80% of these MPs globally are
essential as the primary healthcare for fighting infections
and treating illness [35]. MPs have been in continuous use
over the years to manage cancer, particularly in most devel-
oping countries of the world [36]. The bioactive compounds
of phytochemicals present in MPs are used to treat different
diseases, including cancer [37]. For example, around 60% of
drugs necessary for the cancer cure system have been
derived from natural products of MPs [38]. Aromatic MPs
are also crucial for medicinal purposes; they were considered
the “father of medicine” by Hippocrates and ancient Greek
physicians. Treating cancer and AIDS/HIV are their main
benefits [21].
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FIGURE 1: Frequently cited anticancer MPs found in Ethiopia.

TaBLE 1: Number of new cancer cases in 2020 in Ethiopia in number and percentage [34].

New cancer cases Both sexes of all ages

Males of all ages Females of all ages

3,824 (4.9%)
4,361 (5.6%)
7,455 (9.6%)

Non-Hodgkin lymphoma
Leukemia

Cervix uteri

Breast 16,133 (20.85%)
Colorectum 6,048 (7.8%)
Prostate 2,720 (3.51%)
Ovary 2,655 (3.43%)

34,156 (44.15%)
77,352

Other cancers
Total

2,359 (8.8%") 1,465 (2.9%)
2,565 (9.6%) 1,796 (3.55%)
— 7,455 (14.7%)
— 16,133 (31.9%)
3,121 (11.7%) 2,927 (5.8%)
2,720 (10.2%) —
— 2,655 (5.2%)
15,989 (59.76%) 18,167 (35.9%)
26,754 50,598

Many medicinal plant species found in Ethiopia are used
to treat different types of illnesses for many years. Because
the society believes in the therapeutic value of traditional
medicines, of health center insufficiency, of the relatively
low costs, of culturally related traditions, and of shortages
of clinics and medical personnel, they are very popular in
Ethiopia [13]. In Ethiopia, a large number of the human
population (80%) and livestock (90%) directly or indirectly
depend on traditional medicine [39]. According to a study
conducted on traditional MPs in Ethiopia, the frequently
cited diseases treated by these plants were cancers/tumors,
stomach aches, wounds, coughs, headaches, skin diseases,
toothaches, and diarrhoea [13]. Different studies on the eth-
nobotanical use of MPs from other parts of the country
showed that traditional MPs are widely practiced to treat
various cancer diseases such as lung cancer, breast cancer,

and skin cancer [11]. Because of its ease of access and cul-
tural acceptance, cancer patients choose traditional MPs
for therapeutic approaches [40]. Ethnobotanical practices
to treat cancer in Ethiopia are listed in Table 2.

Table 2 shows the list of 200 MPs which are used ethno-
botanically against anticancer. Out of these, 33.8% are herbs,
17.9% trees, 39.5% shrubs, and 8.8% weed/climbers. Among
the 56 families, Euphorbiaceae (10.71%), Acanthaceae
(7.14%), and Asteraceae (7.1%) are the most prominent fam-
ilies which are used for ethnobotanical anticancer prepara-
tion. Regarding their distribution, 24% of MPs were found
in Southern Nations, Nationalities, and People (SNNP),
21% in the Oromia region, and 20% in the Amhara regional
state, as shown in Figure 2. The reviewed data also indicated
that many Ethiopian MPs had been used to treat breast,
lung, blood, and skin cancers. Plant sections that are widely
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FIGURE 2: Region-wise distribution of anticancer MPs in Ethiopia.

used to make anticancer remedies were leaves (36.76%),
roots (27.2%), bark (12.5%), stem (5.1%), and fruits
(7.35%) (Figures 2 and 3).

3.2. Pharmacology Activities to Treat Cancer

3.2.1. Plants Used against Breast Cancer. The most frequent
cancer in women worldwide is breast cancer [37]. It is Ethio-
pia’s most common cancer, with high morbidity and mortal-
ity rates. The number of new cases increases year to year in
the country [71]. According to Memirie et al. [72], of all can-
cer cases in Ethiopia, 23% accounts for breast cancer. It
accounts for 33% of the cancers in women. Breast cancer
can be treated scientifically using different MPs. Aerva java-
nica, commonly known as “Tobia,” has been confirmed to be
used for cancer care. The crude extract from the leaves of
Aerva javanica has an antiproliferative effect on human
breast cancer cell lines (MCF-7) [73]. Kalanchoe petition,
commonly called “indahul,” used to cure breast cancer.
The gallic acid isolated from the leave of Kalanchoe petition
is responsible for its anticancer activity [56]. Extracts of Side-
roxylon oxyacanthum are reported to be used frequently
against breast cancer [49].

In another study, chloroform extract of aerial part of Cle-
matis simensis was tested for anticancer activity using MTT
assay against three breast cancer cell lines (JIMT-1, MCF-
7, and MCF-10A). The IC,, (ug/ml) values obtained after
treating two breast cancer cell lines (JIMT-1 and MCE-7)
and MCF-10A (one normal-like breast epithelial cell line)
were as 8019, 190+70, and 9719, respectively [74].
Asparagus africanus, named “Yeset-kest” in the local Ethio-
pian language, also treats cancer. The roots of the plant have
been reported for treating breast tumors [22]. People of var-
ious religious and ethnic groups in Ethiopia use Aerva java-
nica as a traditional medicine to treat multiple diseases,
including cancer. A scientifically validated study found that
the leaf extracts of Aerva javanica showed an antiprolifera-
tive effect on human breast cancer cell lines (MCF-7) [42].
Alkaloids isolated from Catharanthus roseus showed potent
cytotoxicity against the MDA-MB-231 breast cancer cell
line, with IC;, values ranging from 0.97 + 0.07 uM to 7.93
+0.42 uM [40]. In another work of Tesfaye and coworkers
[75], they checked the cytotoxic activity of Euphorbia schim-
periana, Crambe abyssinica, Aloe debrana, Vachellia nilotica,
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Camellia sinensis, Termitomyces schimperi, Pentarrhinum
insipidum, Acmella caulirhiza, Leonotis ocymifolia, Dorste-
nia barnimiana, Rumex nervosus, Clausena anisata, Heli-
chrysum mannii, Salvia leucantha, Vernonia auriculifera,
Corymbia brachycarpa, and Croton macrostachyus extracts.
Out of these, Euphorbia schimperiana, Acokanthera schim-
peri, Kniphofia foliosa, and Kalanchoe petition showed anti-
proliferative activity against human breast (MCF-7) cancer
cell lines.

3.2.2. Plants Used against Lung Cancer. Lung cancer is the
leading cause of cancer-related deaths in men and the sec-
ond leading cause of cancer-related deaths in women after
breast cancer in the world [76]. GLOBOCAN 2020 is an
online database providing global cancer statistics and esti-
mates of incidence and mortality in 185 countries for 36
types and all cancer sites combined. According to GLOBO-
CAN data, there were approximately 18.1 million new can-
cer cases and 9.6 million deaths worldwide in 2018. Of
these, 1.76 million died of lung cancer [77]. In the specified
year, the number of new lung cancer cases in Ethiopia is
3.1% and it accounts for 4.3% of deaths from the total num-
ber of new cancer diseases [20]. Different MPs are used for
the prevention and treatment of lung cancer. The seed
extracts of Glinus lotoides (n-hexane, chloroform, methanol,
and water) were tested for anticancer activity on the lung
cancer cell line (Calu-3) using MTT assay. The result
showed that methanol extract exhibits the highest anticancer
activity with an IC;, value of 29.7 + 1.3 yg/mL, while water
extracts (IC;, =262.2 + 1.2 yg/mL) exhibit the least antican-
cer activity [78].

In another study, the anticancer activity of the root of
Aloe pirottae was tested against stomach cancer (SNU-
638), ovarian cancer (A2780), pancreatic cancer (MIA-
PaCa-2), and lung cancer (A549) cell lines. The results dem-
onstrated that all extracts exhibited anticancer activity with
an IC,, value ranging from 6.37 to 29.69 ug/mL [79].

The in vitro cytotoxic activity of essential oils and
extracts of Ocimum basilicum was tested on a cancerous cell
line (MCEF-7). The result showed that the cytotoxic activity
of essential oil was found to be more effective than that of
the extracts [80].

Steroids extracted from Withania somnifera leaves were
tested for the lung cancer cell line (NCI-H460). The result
showed that steroids exhibited suitable anticancer activities
with an IC,, value of 0.45 yug/mL [81]. The cytotoxic activity
T/Corr (%) of the extract (50 ug/mL) on the lung cancer cell
line A427 after 96 hours was tested by Tesfaye et al. [75],
with a crystal violet cell proliferation test. According to their
research result, Crambe abyssinica, Aloe debrana, and
Vachellia nilotica showed values of 29.29, 49.65, 26.76,
26.41, and 46.62.

3.2.3. Plants against Blood Cancer (Leukemia). Blood-form-
ing stem cells are the source of all blood cells. Blood cancer
is caused by defects in the differentiation of these stem cells,
which mainly affect white blood cells. Bone marrow trans-
plantation, chemotherapy, antibodies, cytokines, and tumor
vaccinations are choices for improving leukemia patients’
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FIGURE 3: (a) Percent usage of different parts of MPs against cancer; (b) family-wise percentage of anticancer MPs.

survival rates [37]. Some Ethiopian plants such as Cleroden-
drum myricoides, Myrsine melanophloeos, and Solanecio
angulatus have demonstrated anticancer activity in the case
of leukemia [11]. The flower and leaf extracts of Solanecio
angulatus were tested for anticancer activities against HL-
60 human leukemia cell. The flower extract of the plant
showed higher anticancer activities against the cell line with
an IC;, value of 27.39 ug/mL [82]. Essential oils of Myrtus
communis were reported for the presence of 1,8-cineole, lin-
alool, myrtenyl acetate, and myrtenol which is responsible
for its anticancer activity against blood cancer (leukemia)
[83]. Methanol and chloroform leaf extracts of Cynoglossum
coeruleum were tested for anticancer activities against the
HL-60 human leukemia cell line. The result indicated that
the methanol extracts showed higher anticancer activity
(IC5, = 183.95 ug/mL) than chloroform extract (312.62 pug/
mL). The lowest IC;, value was recorded in methanol extract
from Cynoglossum coeruleum flower with a value of
360.2 ug/mL [82]. In another study, Jatropha curcas seed
extracts displayed potent inhibition against P388 lympho-
cytic leukemia (both in vitro and in vivo) [42]. One research
report showed that Alkaloids isolated from Catharanthus
roseus such as vincristine, vinblastine, vindesine, vinorelbine,
and vinflunine exhibited cytotoxic activity against human
leukemia cells [84]. According to another study, the antican-
cer activity of crude extracts of Rumex abyssinicus roots was
observed in prostate, brain, and breast tumor cell lines and
leukemia cell culture [22]. Flavonoids, namely, alpinumiso-
flavone and 4'-methoxylicoflavanone extracted from Ery-
thrina asuberosa stem bark, were tested for anticancer
activity against HL-60 cells (human leukemia) and the result
confirmed their anticancer activity [85].

3.2.4. Plants Used against Skin Cancer. The most common
cancer in the world is skin cancer. Melanoma is a type of

skin cancer that involves basal and squamous cell carcino-
mas [37]. According to the WHO data from 2017, skin can-
cer deaths in Ethiopia accounted for 0.03 percent of all
deaths. The age-adjusted death rate is 0.37 per 100,000 peo-
ple of Ethiopia. The most recent WHO data from 2020 also
showed that skin cancer deaths in Ethiopia accounted for
0.21 percent of all deaths, with new cases of 0.31% [86]. Phy-
tochemicals with anti-inflammatory, immune-modulatory,
and antioxidant properties have the best chance of acting
as a chemopreventive in skin cancers [87]. Scopoletin (7-
hydroxy-6-methoxy coumarin) from Gelsemium sempervi-
rens has been reported to show anticancer activity against
a skin cancer cell line (melanoma A-375) [88]. Plumbagin
(a quinonoid constituent) (Figure 4) isolated from the root
of Plumbago zeylanica was reported as having anticancer
activity [89].

The methanol extract of the leaf of Plantago lanceolata
was tested for anticancer activity. The result showed antican-
cer activities on the UACC-62 cell line with an IC,, value of
50.58 + 11.15 ug/mL[90]. Triterpenes found from the root of
Cucumis prophetarum and gallic acid isolated from leaves of
Kalanchoe petitiana are also used to cure skin cancer [90].
Bussa and Belayneh [21] reported the ethnomedicinal use
of Vernonia glaberrima leaves and their phytoconstituents
against skin cancer. The crude extract obtained from leaves,
stems, and barks of Clematis hirsute is used for treating
tumor/cancer on the neck [13].

4. Bioactive Compounds Used for
Cancer Treatment

MPs are the source of many secondary metabolites known
for their anticancer activity [37]. Phenolic compounds, alka-
loids, glycosides, and terpenoids are some examples of such
secondary metabolites with anticancer activity [30].
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4.1. Phenolic Compound. In plant species, phenolic com-
pounds are formed biologically via flavonoid, phenylpropa-
noid, and shikimate and possess hydroxide groups in the
aromatic ring. These phenolic molecules have been shown
for their cytotoxic, antiproliferative, and antioxidant charac-
teristics [91]. Ethiopia has many MPs used to treat cancer;
due to the existence of the phenolic molecule, for example,
Okoye and coworkers [92] showed the anticancer activity
of epigallocatechin extracted from Maytenus senegalensis.
The bioactive compounds obtained from Juncus effuses such
as 1-methylpyrene-2,7-diol, dehydrojuncusol, dehydroeftu-
sol, effusol, effususol A, and 5-(1-methoxyethyl)-1-methyl-
phenanthrene-2,7-diol (Figure 4) inhibited the proliferation
of human cancer cell lines [93, 94]. Naphthoquinone iso-
lated from Plumbago zeylanica extracts also treated human
pancreatic and lung cancers [95, 96]. In another study, iso-
lated compounds knipholone and knipholoneanthrone from
Kniphofia foliosa were tested for anticancer activity against
leukemic and melanocyte cancer cell lines. The results indi-
cated that knipholoneanthrone has a potential anticancer
agent [97].

According to a study on the biological activities and phe-
nolic compounds of ethanolic extracts from Zingiber offici-
nale and Curcuma longa rhizomes, the plants have
anticancer properties in the B164A5 murine melanoma cell
line due to the presence of phenolic compounds [98].

4.2. Flavonoids. Flavonoids are polyphenolic compounds
that make up a broad family of secondary metabolites found
in plants [85]. Various research showed that flavonoids in
different plants had been used for anticancer activities [99].
Multiple studies have shown that increasing the number of
flavonoids in one’s diet will reduce cancer risk [100]. Quer-
cetin, chalcones, genistein, curcumin, isoflavones, flava-
nones, and cisplatin are used to treat human oral cancer
while daidzein, genistein, quercetin, luteolin, and flavanones
are used to treat human breast cancer. Human lung cancer
can be treated with flavone and quercetin [101]. Some flavo-
nols like epicatechin, catechin-3-gallate, epigallocatechin fla-
van-4-ols, flavan-3, 4-diols, flavan-3-ols, catechin, and
gallocatechin also are used to treat different cancers such

as prostate and rectal cancers. Flavones such as luteolin,
chrysin, apigenin, flavonol: rutin, quercetin, myricetin,
kaempferol flavanones: naringenin, hesperidin, eriodictyol,
flavanonols: taxifolin are used to take care of lung cancer,
laryngeal cancer, and breast cancer [102].

In human leukemia cells, flavonoids extracted from Ery-
thrina suberosa stem bark such as 4'-methoxylicoflavanone
and alpinumisoflavone were found to have cytotoxic effects
[85]. Flavonoids extracted from Cassia Angustifolia, such
as scutellarein, quercimeritrin, and rutin demonstrated con-
siderable anticancer activity against MCF-7, Hep2, and HeLa
cell lines, with lower cytotoxicity towards the HCEC cell line
[103]. The crude extracts/fractions of Clerodendrum myri-
coides, Vernonia leopoldi, Dovyalis abyssinica, Sideroxylon
oxyacanthum, Clematis longicauda, Zanthoxylum chaly-
beum, and Clematis simensis were tested for anticancer activ-
ities and found cytotoxic effects against various breast
cancer-derived cell lines [74].

Bioactive compounds such as luteolin, sesquiterpene lac-
tones, coumarins, and phenolic acids isolated from leaves
and shoots of Vernonia amygdalina have shown cancer che-
moprevention [44]. One study observed the anticancer activ-
ity in Cassia angustifolia extract seed powder against the
tested HCEC, Hep2, HeLa, and MCF-7 cell lines. The IC,,
value of methanol extract against HeLa cells was 5.45g/L
and 4 g/L against MCF-7 cells, lower than the drug taxol
6.07 g/L and tamoxifen 6.4 g/L. This anticancer characteristic
is due to bioactive flavonoids such as quercimeritrin, scutellar-
ein, and rutin in the plant’s seed [104]. The different ethanolic
extracts of Lagenaria siceraria were studied for anticancer
activity against MCF-7. The result confirmed that it inhibits
cancer cells in a concentration-dependent manner with a max-
imum concentration of 80 ug/mL. This anticancer activity of
the extract can be attributed to its flavonoid and polyphenol
contents in the extracts [55]. Some of the advanced anticancer
flavonoids used to treat cancers are myricetin-3-O alpha-L-
rhamnopyranoside, flavone-8-acetic acid, quercetin 3-O-D
galactopyranoside, chrysoeriol, nobiletin, silybin, flavopiridol,
quercetin-3-O-amino acid-esters, xanthone, indirubin, 5,6
dimethylxanthenone-4-acetic acid, diosmetin, and myricetin-
3-O-alpha-L-rhamnopyranoside (Figure 5) [101].
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4.3. Alkaloids. Alkaloids are essential chemical compounds  Alkaloids including vinblastine and camptothecin have also
that can be used to discover new drugs. In vitro and  been used to develop anticancer drugs [104]. The vinca alka-
in vivo, some alkaloids derived from natural herbs have anti-  loids, such as vinblastine, vinorelbine, and vincristine, were
metastasis and antiproliferative effects on various cancers.  the first plant-derived anticancer agents to gain approval
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FIGURE 7: Structure of anticancer steroids.

for clinical use [87]. Some of the alkaloids used having anti-
cancer activities are taxol, vincristine, vinblastine, 9-methox-
ycamptothecin, berberine, schischkiniin, coronaridine,
naucleaorals, monoamine, camptothecin, an indole alkaloid,
and protoberberine [105] (Figure 6). In Ethiopia, the alka-
loids extracted from the root of Gloriosa superba are used
to treat breast cancer. When the root is chewed and applied
externally to the affected area, it relieves and recovers pain
[22, 42]. Phytochemical studies conducted in the Harari
region have shown that the alkaloids and glycosides in the
roots of Hydnora abyssinica are vital for cancer treatment
[38]. The chloroform extract of Clematis simensis, rich in
alkaloid bioactive compounds, showed cytotoxicity against
three breast cancer cell lines. Two breast cancer cell lines
JIMT-1 and MCF-7 showed ICg, values of 80 ug/mL and
190 ug/mL, respectively. One of the normal-like breast epi-
thelial cell lines (MCF-10A) has 97 ug/mL [74]. The alka-
loids, which are also present in the flower of Solanecio
angulatus, showed in vitro cytotoxicity properties with an
IC,, value of 133.72 ug/mL in the tested cell line (HL-60)

[30]. Solasonine and solamargine alkaloid (Figure 6) mole-
cules, which were isolated from Solanum nigrum, exhibited
anticancer activities on the human gastric cancer cell line
(MGC-803) with IC,, values of 5.2 yg/mL and 8.77 ug/mL,
respectively [40].

4.4. Steroids. A group of natural or synthetic organic com-
pounds with a molecular structure of 17 carbon atoms
grouped in four rings is known as steroids. In genetics,
chemistry, and medicine, steroid hormones play a significant
role. Hundreds of steroids have been discovered in fungi,
animals, and plants [106]. Medicinal plant steroids are
well-known secondary metabolites to have anticancer activ-
ity [107]. Bioactive compounds of steroids which were iso-
lated from Withania somnifera such as 5,6,14,15 diepoxy-
4,27-dihydroxy-1-oxowitha-2,24-dienolide and withaferin-
A (Figure 7) showed anticancer activity to the human lung
cancer cell line (NCI-H460) with 0.45ug/mL and 8.3 ug/
mL IC,, values, respectively, [81]. In addition, cytotoxic
activities were shown in extracts of Bersama abyssinica.
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Hellebrigenin 3,5 diacetate, hellebrigenin 3-acetate, berseno-
genin, 3-epiberscillogenin, and berscillogenin demonstrated
cytotoxic activities in the plant extract [108, 109]. Physalin
B, D, F steroids which are found in Physalis angulate showed
anticancer activities on different cancer cell lines such as KB,
A549, HCTS, and PC3 with the lowest EC;, (ug/mL) value
of 0.9 (for KB), 1.3 (for A549), 1.0 (for HCTS), and 0.9
(for PC3), respectively, for physalin F, physalin D, and phy-
salin B [110].

4.5. Essential Oil. Essential oils (EOs) are well-known anti-
cancer bioactive compounds obtained from medicinal and
aromatic plants. Essential oils are highly volatile, aromatic
yields obtained from plants. Due to their volatility, they
can easily be extracted by steam distillation from different
natural sources [111]. They may be a generic word for the
liquid and highly volatile plant constituents with a distinct
odor [111]. EOs having anticancer properties are listed in
Figure 8. They are present in plants as secondary metabolites
in their flowers, leaves, fruits, buds, seeds, rhizomes, barks,
and roots [112, 113]. The essential oils such as limonene
and perillyl alcohol, which is extracted from Citrus sinensis,
are used for anticancer activities [114], and terpinene-4-ol,
a-thujone, f-citronellal, a-pinene, y-eudesmol, §-cadinene,
and methyl cinnamate from the Lamiaceae family are used
for anticancer activities [115] as illustrated in Figure 8. The
presence of bioactive compounds such as citronellyl acetate,
pulegol, and citronellol in essential oils from Pulicaria inu-
loides was used for anticancer activity against liver, breast,
and colorectal/colon cancers [116]. The essential oils derived
from the flower of Achillea ligustica, leaf and the seed of Cor-
iandrum sativum, leaf of Melaleuca alternifolia, the seed of
Nigella sativa, and aerial parts of Pelargonium graveolens are
used to treat different cancer diseases [117]. Some bioactive
compounds such as linalool, 1,8-cineole, myrtenyl acetate,

and myrtenol in Myrtus communis essential oil have antican-
cer properties in the case of blood cancer (leukemia) [83].

4.6. Other Bioactive Compounds. Various studies have
shown that bioactive compounds such as fucoxanthin can
be used to prevent breast cancer and triterpenes, anthocya-
nins, and saponins can be used to treat lung cancer. Blood
cancer can be prevented using epigallocatechin gallate and
rosavin [118]. Various compounds have been isolated from
Bersama abyssinica to determine the plant’s anticancer or
antitumor function. Lignin and hallebergenin 3-acetate are
two of these compounds that have been shown to inhibit
tumor growth [22]. Garcinol, limonoids, crocin, and genis-
tein are used to prevent pancreatic cancer [118]. The root
of India involucrate, also known as “Yezngerotelba” in
Ambharic, can treat cancer, including diterpenes, and gnidi-
cin, mezerein, gnidilatidin, gnidiglucin, and gniditrin are
used to prevent cancer isolation biologically active com-
pounds [22]. Boswellia acids in boswellia species give a
defense mechanism to have anticancer activities [119]. The
presence of gallic acid isolated from the leaves of Kalanchoe
petition, which is commonly called “indahula,” is also essen-
tial to cure breast cancer [56]. It has been documented that
the roots of Asparagus africanus are used to treat tumors
[22]. Three lignans isolated from Carissa spinarum, namely,
nortrachelogenin, carol, and carissanol, were found to be
cytotoxic to WI38, MCF7, and A549 cell lines. Compared
with carissanol and nortrachelogenin, carinol shows higher
cytotoxic activity against these three cell lines, with an IC,
value of 1 ug/mL [40].

5. Conclusion and Future Perspective

Several plant species are already being utilized to treat or pre-
vent cancer. Multiple studies have identified plant species with
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anticancer characteristics, emphasizing herbal medicine in
developing nations. In Ethiopia, many MPs can treat various
types of cancer, such as breast cancer, lung cancer, blood can-
cer, and skin cancer and tumors. The ethnobotanical applica-
tion of MPs for cancer treatment confirmed that plant leaves
are the most valuable for preparing anticancer drugs
(36.76%), followed by roots (27.2%), bark (12.5%), and flowers
(1.5%). According to the analyzed data, the Euphorbiaceae
family has the highest percentage (10.71%) of plant families
utilized to treat cancer. The Asteraceae and Lamiaceae families
have the second (7.1%) and third (6.1%) values, respectively.
Regarding their habit, shrubs account for (39.5%) followed
by herbs (33.8%), trees (17.9%), and climber or weed (8.8%).

Although numerous MPs have been utilized ethnobota-
nically to treat cancer, only a few MPs have been formally
examined for anticancer activity. A few secondary metabo-
lites and pure isolated compounds have been tested against
cancer cell lines in vitro. Therefore, it is imperative to con-
duct detailed phytochemical research to isolate new antican-
cer drugs. Since the traditional knowledge for anticancer
medicines provides basic information for further scientific
research on the synthesis of anticancer drugs, it is necessary
to conduct comprehensive ethnomedicinal research. The
anticancer mechanism of these medicinal plant extracts is
still unclear. Therefore, more in-depth scientific research is
needed, which is the homework for researchers to conduct
further studies.
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Plumbagin, a bioactive naphthoquinone, has demonstrated potent antitumor potential. However, plumbagin is a sparingly water-
soluble compound; therefore, clinical translation requires and will be facilitated by the development of a new pharmaceutical
formulation. We have generated an oil-in-water nanoemulsion formulation of plumbagin using a low-energy spontaneous
emulsification process with propylene glycol caprylate (Capryol 90) as an oil phase and Labrasol/Kolliphor RH40 as surfactant
and cosurfactant excipients. Formulation studies using Capryol 90/Labrasol/Kolliphor RH40 components, based on
pseudoternary diagram and analysis of particle size distribution and polydispersity determined by dynamic light scattering
(DLS), identified an optimized composition of excipients for nanoparticle formulation. The nanoemulsion loaded with
plumbagin as an active pharmaceutical ingredient had an average hydrodynamic diameter of 30.9nm with narrow
polydispersity. The nanoemulsion exhibited long-term stability, as well as good retention of particle size in simulated
physiological environments. Furthermore, plumbagin-loaded nanoemulsion showed an augmented cytotoxicity against prostate
cancer cells PTEN-P2 in comparison to free drug. In conclusion, we generated a formulation of plumbagin with high loading
drug capacity, robust stability, and scalable production. Novel Capryol 90-based nanoemulsion formulation of plumbagin
demonstrated antiproliferative activity against prostate cancer cells, warranting thus further pharmaceutical development.

1. Introduction AMPK, CDK1/CDC2, cyclin B1, cyclin D1, FOXM1, NF-«B,
p53, p21 Wafl/Cipl, p27 Kip1, PI-5, Nrf2/ARE, PI3K/AKT/

Plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone, = mTOR, Ras, Sirtl, STAT3/PLK1/AKT, and Wnt [3]. Further-

Figure 1) is a naturally occurring 1,4-naphthoquinone found
in Plumbaginaceae and other plant families [1]. Plumbagin
has a variety of pharmacological properties that include potent
antitumor, antiatherosclerotic, anti-inflammatory, antibacte-
rial, antifungal, and neuroprotective activities [1-3]. It has
demonstrated broad-spectrum anticancer efficacy on diverse
types of cancer, including glioma, hepatocellular carcinoma,
melanoma, and promyelocytic leukemia, as well as breast,
esophageal, lung, ovarian, and prostate cancer [4].
Numerous investigations have indicated that the anti-
cancer activity of plumbagin is mediated through effects
via several signal transduction pathways or targets, including

more, plumbagin is an efficient generator of reactive oxygen
species (ROS), inducing oxidative stress in tumor cells [5, 6].
These activities contribute to the anticancer effects of plumba-
gin, leading to cell cycle arrest and apoptotic death of tumor
cells or inhibition of metastatic activity [2].

Thus, plumbagin is a promising drug that has drawn a
significant interest in anticancer research, leading to the
preclinical development of a new therapeutic drug, currently
in clinical trial for the treatment of prostate cancer. Initial
studies of the effect of plumbagin in prostate cancer came
from Dr. Verma’s group, which showed that plumbagin
inhibited tumor growth rate or significantly delayed disease
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FiGure 1: Chemical structure of plumbagin (5-hydroxy-2-
methyl-1,4-naphthoquinone or 5-hydroxy-2-methyl-1,4-
naphthalenedione, C,;H;0,).

progression in various models of prostate cancer [7-9]. A
key finding from our group showed that plumbagin signifi-
cantly improved the efficacy of androgen deprivation ther-
apy (ADT) in hormone-responsive models of prostate
cancer, leading to tumor regression and extended survival
when used in combination with ADT [10, 11]. These pre-
clinical studies established the framework for the first-in-
human clinical trial of the combination of plumbagin and
ADT in prostate cancer patients (NCT03137758).

Clinical studies of plumbagin, however, have been
impeded by its poor solubility in water. Indeed, the rate
and extent of a drug absorption and bioavailability following
per-oral administration are greatly affected by its solubility
[12], and successful clinical deployment of plumbagin will
require a formulation that considerably increases its solubil-
ity. Therefore, we have developed and characterized a new
nanoemulsion-based drug delivery system of plumbagin.
Nanoemulsions are biphasic dispersions of oil in water stabi-
lized by amphiphilic surfactant/cosurfactant interfacial film
exhibiting optical isotropy and kinetic stability [13]. Particle
size of nanoemulsions is typically within the submicron
range, 5-200 nm [13]. Importantly, nanoemulsion formula-
tions have critical advantages for oral drug delivery, includ-
ing high encapsulation capacity and high surface-to-volume
ratio, as well as favorable physicochemical properties facili-
tating their stability. They have been shown to improve drug
pharmacological profiles, reducing toxicity, and potentially
improving the stability and pharmacokinetics of encapsu-
lated drugs [14, 15].

This study describes the formulation of nanoemulsions
using biocompatible components, with propylene glycol
caprylate (Capryol 90) as an oil phase and Labrasol/Kolli-
phor RHA40 as surfactant/cosurfactant excipients. High load-
ing capacity for plumbagin, long-term stability, retention of
particle size in simulated physiological environments, and
increased sensitivity to the antiproliferative activity of plum-
bagin in prostate cancer cells indicate that Capryol 90-based
nanoemulsion formulations of plumbagin are suitable for
further development.

2. Materials and Methods

2.1. Materials. Capryol 90 (propylene glycol caprylate), Lab-
rasol (PEG-8 caprylic/capric glycerides), Labrafil M 1944 CS
(mono-, di-, and triglycerides and PEG-6 mono- and dies-
ters of oleic acid), Labrafac lipophile WL 1349 (triglycerides
of caprylic and capric acids), and Peceol (glyceryl monoole-
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ate) were purchased from Gattefosse (Saint-Priest, France).
Capmul MCM (mono-diglyceride of caprylic and capric
acid) and Capmul PG-12 (propylene glycol monolaurate)
were supplied by Abitec Corporation (Columbus, OH).
Glyceryl trioleate, Kolliphor RH40 (polyoxyl 40 hydroge-
nated castor oil), Span 80 (sorbitan monooleate), Span 85
(sorbitan trioleate), plumbagin, and other chemicals were
supplied by Sigma (St. Louis, MO).

2.2.  Determination  of Plumbagin  Solubility  in
Pharmaceutical Excipients. The solubility of plumbagin in a
series of lipid-based pharmaceutical excipients was deter-
mined by UV-VIS spectrophotometry as described previ-
ously [16, 17]. Briefly, supersaturated dispersions of
plumbagin in excipients were incubated at 25°C for 72h on
a rotary shaker. Samples were centrifuged at 10,000 x g for
10min, and for each sample, the supernatant was filtered
through a syringe filter (0.45 um). Aliquots of filtrates were
dispersed in 200-3000-fold volume excess of methanol.
The concentration of plumbagin was determined using
absorption spectrophotometry (DU-640 spectrophotometer,
Beckman Coulter, Fullerton, CA) with molar absorption
coefficient for plumbagin determined in methanol, €, (410
nm) = 3,800 dm>-mol *.cm™).

2.3. Construction of Pseudoternary Phase Diagram. A pseu-
doternary phase diagram was generated as described previ-
ously [18] by water titration of mixtures of Capryol 90 and
increasing amounts of the Labrasol/Kolliphor R-H40 surfac-
tant/cosurfactant blend at 25°C, in concordance with the
common requirements for preparation, storage, and applica-
tion of nanoemulsions. To identify the nanoemulsion
domain, the mixtures were visually inspected for clarity to
delineate boundaries of phases and further characterized by
dynamic light scattering as described below. Particle size dis-
tribution was measured directly without further dilution.

2.4. Particle Size Analysis. Particle size distribution and poly-
dispersity of emulsified formulations were determined by
dynamic light scattering (DLS) using noninvasive back scat-
ter (NIBS) detection at a 173" angle and at 25°C on Zetasizer
Nano-ZS (Malvern Instruments) equipped with 4 mW He-
Ne, 633 nm laser. Z-average size (nm) or harmonic intensity
averaged particle diameter was calculated by cumulant anal-
ysis of autocorrelation function generated from DLS mea-
surement as defined by ISO 13321 and ISO 22412.

2.5. Preparation of Plumbagin-Loaded Nanoemulsions.
Plumbagin-loaded nanoemulsions were prepared by low-
energy spontaneous emulsification [19]. Briefly, plumbagin
was dissolved in Capryol 90 in the range 0.4-4.7% (w/w)
and mixed for 30 min at 25°C. The solution of plumbagin
in Capryol 90 was then mixed with a blend of excipients
Labrasol/Kolliphor RH 40 (1:1 w/w) at surfactant-
cosurfactant to Capryol 90 ratio of 1.35. This organic phase
with plumbagin and excipient mixture was mixed on a mag-
netic stirrer for 10 min at 25°C. Nanoemulsions were then
produced by dispersing of the organic phase into deionized
water in one step to the final concentration of water, 40.5%
(w/w). Dispersions were vortexed for 10 sec at 25°C.
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2.6. Physical Stability of Nanoemulsions. Control and
plumbagin-loaded nanoemulsion formulations were ana-
lyzed for changes in particle size distribution over time. To
study stability in simulated physiologic environments, the
formulations were dispersed in 0.1M HCI and 0.01M
sodium phosphate buffer pH 6.8 and pH 7.5, with 100-fold
dilution. The particle size distribution was measured at des-
ignated time-points by DLS using Zetasizer Nano-ZS (Mal-
vern Instruments) as described above.

2.7. Cell Culture. PTEN-P2 murine prostate cancer cell line
was previously characterized and kindly supplied by Dr.
Wu Laboratory [20]. The cells were grown in phenol red-
free RPMI-1640 medium (Sigma) supplemented with 10%
(v/v) heat-inactivated fetal bovine serum, 2mM L-gluta-
mine, 100 U/ml penicillin 100 yg/ml streptomycin, insulin-
selenium-transferrin (5 ug/ml insulin), and 10® mol/l dihy-
drotestosterone. Cultures were passaged by dissociation with
trypsin (0.05%) and maintained at 37°C in a humidified
atmosphere with 5% CO.,.

2.8. In Vitro Cytotoxicity Assay. The cytotoxicity of plumba-
gin formulations was examined using the MTS tetrazolium
compound-based method. PTEN-P2 cells were seeded at a
density of 8 x 10° cells/well in 96-well plates in replicates
(n=4). Then, 24h later, the medium was changed for
medium containing free plumbagin or plumbagin formula-
tions corresponding to the concentration range of 0-
10 umol/l plumbagin. Free plumbagin control was prepared
by dissolving plumbagin in dimethylsulfoxide (DMSO).
DMSO was kept at constant concentration (0.1% v/v) within
the tested concentration range of plumbagin. Control for-
mulation without plumbagin was analyzed at the same con-
centration range. The antiproliferative effect was determined
after 24h incubation using the CellTiter 96 AQueous one
solution cell proliferation assay kit according to the manu-
facturer’s instructions (Promega, Madison, WI) by measur-
ing the conversion of (3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2 H-tetrazolium,
inner salt) to formazan product. Half-maximal inhibitory
concentration (IC.,) values were interpolated from cytotox-
icity curves as the concentration that induced 50% inhibition
of the cell growth.

3. Results

3.1. Selection of Excipients and Formulation Development. In
order to select the optimal constituents of a nanoemulsion
formulation for plumbagin, we first measured the solubility
of plumbagin in various lipid-based excipients. As shown
in Table 1, excipients based on medium chain glycerides
such as Labrasol, Labrafac, and Capmul MCM, or on propyl-
ene glycol esters such as Capryol 90, have a remarkably high
capacity to solubilize plumbagin. Indeed, plumbagin con-
centrations in these excipients are higher than 80 mg/ml,
reaching 125mg/ml in Labrasol, compared to 50-60 mg/ml
range in glyceryl trioleate, Peceol, Span 80, or Span 85. This
is much higher than the solubility achieved in organic sol-
vents, which ranges from 22 mg/ml in DMSO to 48 mg/ml

TaBLE 1: Solubility of plumbagin in lipid-based pharmaceutical
excipients at 25°C.

. Plumbagin
Excipient mg/ml +SD
Capryol 90 (propylene glycol monocaprylate 946 04
(type II) NF) : :
Labrasol (caprylocaproyl macrogol-8 glycerides) 1250 12

Labrafil M 1944 CS (oleoyl macrogol-6 glycerides) 82.1 0.5
Labrafac lipophile WL 1349 (caprylic/capric

triglyceride IIG) 89401
Capmul MCM EP/NF (glycerol

92.0 0.6
monocaprylocaprate, type I)
Capmul PG-12 EP/NF (propylene glycol

83.7 0.1
monolaurate)
Glyceryl trioleate 586 0.3
Peceol (glyceryl monooleate, type 40) 520 0.1
Span 80 (Sorbitan monooleate) 535 0.5
Span 85 (Sorbitan trioleate) 579 0.1

in ethyl acetate [10, 11]. It is also higher than the solubility
achieved in plant-derived oils, which reaches a maximum
of 57.1mg/ml in sesame oil and is the excipient used in
proof-of-efficacy animal studies and first-in-human clinical
trial [10, 11].

Based on preformulation studies of the miscibility of var-
ious systems of oils and surfactants, their dispersibility in
water, and on results of plumbagin solubility shown in
Table 1, Capryol 90 (propylene glycol monocaprylate) was
selected as an oil phase and Labrasol/Kolliphor RH 40 as a
nonionic surfactant/cosurfactant mixture for the develop-
ment of a new nanoemulsion formulation.

To identify the monophasic, optically isotropic region of
the nanoemulsion and to determine the optimal concentra-
tion of excipients, a series of mixtures of containing various
ratios of Capryol 90 with surfactant Labrasol/cosurfactant
Kolliphor RH 40 (1:1, w/w) were prepared. The pseudo-
ternary phase diagram, shown in Figure 2(a), was con-
structed using progressive water titration as described in
Materials and Methods. The established pseudoternary
phase diagram was then used to delineate the nanoemulsion
domain and the boundary of phases. Samples falling within
the nanoemulsion domain appeared translucent whereas
mixtures with higher ratios of the Capryol 90 oil phase
led to the formation of opalescent coarse dispersions
(Figure 2(b)).

Aqueous dispersions of samples with different surfac-
tant/cosurfactant-to-oil (S-CoS/O) ratios were further char-
acterized by photon correlation microscopy (PCS) using
Zetasizer Nano-ZS (Malvern). PCS, dynamic light scattering
based at 173" backscattering angle, was used to estimate the
particle size distribution and the polydispersity of each for-
mulation (Figure 3). Z-average, an intensity-based harmonic
mean determined by method of cumulants, clearly showed
dependency on the S-CoS/O (Figure 4). Figures 3 and 4
show that the hydrodynamic diameter fell into the range of
nanoemulsions at S — CoS/O > 1.2 with a low polydispersity
index (PDI). Analysis of particle size distribution over time
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FIGURE 2: Pseudoternary phase diagram (a) of Capryol 90, Labrasol/Kolliphor RH 40 (1: 1), and water at 25°C. The grey area indicates o/w
nanoemulsion domain. (b) Shows the samples with different w/w ratio of surfactant-cosurfactant to oil (S-CoS/O) ranging from opalescent
coarse emulsions to optically translucent nanoemulsions.
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F1Gurek 3: Time-dependent intensity-based particle size distribution profiles (hydrodynamic radius, Z-average, nm) and polydispersity index

(PDI) of Capryol 90-Labrasol/Kolliphor RH 40 (1:1) at different surfactant-cosurfactant to oil (S-CoS/O) (w/w) ratios.
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FIGURE 5: Stability of size distribution (hydrodynamic radius over time) of plumbagin-loaded Capryol 90-Labrasol/Kolliphor RH40 (1:1)

nanoemulsions.

for samples with S —CoS/O <1 showed a very broad size
distribution profile and high polydispersity and instability,
while formulations in which the S-CoS/O ratio was within
the range of 1.35-1.7 showed a narrow PDI and stability of
size distribution over time.

3.2. Stability of Plumbagin-Loaded Nanoemulsion. The
nanoemulsion formulation consisting of an S-CoS/O ratio
of 1.35 was selected for further development. Nanoemul-
sions loaded with increasing amounts of plumbagin (0.4-

47% w/w) as well as an “empty” formulation without
plumbagin displayed similar particle size distributions
immediately after production (Figure 5). Both the control
and the plumbagin-loaded nanoemulsions showed reten-
tion of size distribution during six months of storage at
25°C (Figure 5(b)), indicating good stability over extended
period of time.

Finally, the stability of the nanoemulsions was measured
in simulated physiological environments. Results presented in
Table 2 showed good retention of particle size for both the
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TaBLE 2: Stability of nanoemulsions in simulated physiological environments. Changes in particle hydrodynamic radius and PDI of control
(NE-C, empty) and plumbagin-loaded (NE-PL, 4.7% w/w) nanoemulsions were monitored by DLS after dispersion in indicated media and

incubation for 24 h at 37°C. PDI values are shown in brackets.

Z-average hydrodynamic radius (nm) and PDI in different media

0.01 M NaH,PO,/Na,HPO,

Water HCl 0.1 M pH6.8 pH7.5
NE-C (control) 32.2 (0.180) 30.6 (0.098) 32.4 (0.173) 33.8 (0.165)
NE-PL (loaded) 30.0 (0.162) 30.1 (0.135) 30.0 (0.142) 31.74 (0.135)
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FIGURE 6: In vitro antiproliferative activity of plumbagin-loaded
nanoemulsion. Effect of free plumbagin (PLBG), plumbagin-
loaded nanoemulsion (NE-PL, 4.7% w/w), and control empty
nanoemulsions (NE-C) on cell viability of PTEN-P2 cells was
determined in a dose-dependent manner. For control drug-free
nanoemulsion, NE-C, the cells were exposed to the same
concentration of nanoemulsion without plumbagin. PTEN-P2
cells were incubated with increasing dilutions of formulations for
24h, and then, % cell viability was determined using cell
proliferation assay (MTS).

control (empty) and the plumbagin-loaded nanoemulsions
when dispersed in media that simulate the physiological envi-
ronment of stomach acid and intestinal fluids.

3.3. In Vitro Antiproliferative Activity of Plumbagin-Loaded
Nanoemulsion. The cytotoxicity of the plumbagin-loaded
nanoemulsion was evaluated by exposing prostate cancer
cells PTEN-P2 to increasing dilutions of the formulation
with and without plumbagin for 24 h. Figure 6 demonstrates
the dose-dependent cytotoxicity of plumbagin-loaded
nanoemulsion compared to the cytotoxicity of free plumba-
gin. The plumbagin-loaded nanoemulsion formulation dis-
played higher inhibitory effect on proliferation of PTEN-P2
cells compared to free plumbagin, with IC;, 2.5 vs. 4.3
umol1", respectively. These findings correlate with an
assessment of cell gross morphology, showing that the
plumbagin-loaded nanoemulsion formulation induced sub-

stantial cell detachment, shrinkage, and cellular damage
compared to free plumbagin (Figure 7). Control, drug-free
nanoemulsion did not demonstrate notable cytotoxicity in
the analyzed range (Figures 6 and 7).

4. Discussion

The majority of therapeutic chemical entities in drug devel-
opment have poor aqueous solubility [21, 22], which is a sig-
nificant challenge limiting potential clinical translation.
Recent years have seen a mounting effort to bring new drug
solubilization and delivery technologies at an earlier stage of
the preclinical development process in order to facilitate suc-
cessful progression into the clinic [23].

Several drug delivery systems have been explored as
carriers to formulate plumbagin and potentially improve
its anticancer activity, including niosomes, serum albumin,
silica nanoparticles, chitosan, poly (lactic-co-glycolic) acid
(PLGA), micelle-based systems, gold nanoparticles, and
liposomes [24-30]. While these studies showed promising
results, production of most of these formulations is costly
and/or requires the use of organic solvents or components
that are not biocompatible, which limits their translational
application. In order to develop a simple, cost-effective,
and scalable formulation, we have focused on a nanoemul-
sion formulation designed using biocompatible pharmaceu-
tical excipients. Furthermore, nanoemulsion formulations
have demonstrated excellent absorption and bioavailability,
enhanced penetration of biological membranes, and lower
inter- and intraindividual variability in drug pharmacokinet-
ics compared to naked drugs [14, 15]. Last but not least,
nanoemulsions are compatible with per oral administration,
which is highly desirable as the per oral route results in bet-
ter patient compliance compared to other routes of adminis-
tration. In addition, per oral administration does not require
hospital stay and therefore is more accessible to patients,
especially low-income patients with restricted access to
health care, as well as patients living in rural or undeveloped
areas.

Our preformulation studies identified medium-chain
glyceride-based excipients with a high solubilization capacity
for plumbagin. A stable formulation of plumbagin was
designed using Capryol 90 as an oil phase and Labrasol/Kol-
liphor RH40 (1:1) as surfactant and cosurfactant. Capryol
90 has been used to develop nanoemulsion-based drug deliv-
ery systems with particle size distribution comparable to our
formulation [31-33]. The plumbagin-loaded nanoemulsion
(30.9nm Z-average, Capryol 90 to Labrasol/Kolliphor 40;
1.35 w/w) demonstrated good retention of size distribution
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(d)

FIGURE 7: Morphological changes pf PTEN-P2 cells after exposure to plumbagin-loaded nanoemulsions. Bright-field microscopy images
show untreated control (a) and cells exposed for 24 h to free plumbagin (4 yumol/l) (b), empty nanoemulsion (c), and plumbagin-loaded

(4 pmol/l) nanoemulsion formulation (d).

and narrow polydispersity over extended periods of time,
indicating good shelf-life with undemanding temperature
requirements that would facilitate manufacturing, storage,
and distribution.

Retention of nanoparticle size after dispersion in water
or media emulating physiological fluids also suggested
potential stability in the gastrointestinal tract that would
permit optimal absorption in vivo.

It is reasonably expected that plumbagin delivered/
released from the nanoemulsion formulation should exhibit
its pharmacological activities towards various types of cancer
cells as extensively described in literature, since plumbagin
has shown no discrimination toward cancer types. Notewor-
thy, observed cytotoxicity of plumbagin toward PTEN-P2
prostate cancer cells, both as a free drug and in the form of
drug-loaded nanoemulsion, was slightly higher compared
to standard of care for prostate cancer—docetaxel or other
anticancer drugs in development, rapamycin and 17-AAG
encapsulated in the poly(ethylene glycol)-block-poly(D,L-
lactic acid) (PEG-b-PLA) micelles [34].

In vitro cytotoxicity studies of the plumbagin-loaded
nanoemulsion showed a slightly augmented antiproliferative
effect of the active pharmaceutical ingredient (plumbagin)

against PTEN-P2 prostate cancer cells compared to free
drug. This is not attributable to an additive effect of cytotox-
icity of individual components, because the control formula-
tion (nanoemulsion without drug) did not exhibit
cytotoxicity at equivalent doses. Thus, increased cytotoxicity
of the plumbagin nanoemulsion formulation compared to
free plumbagin can be attributed to a higher cellular uptake
of the nanoparticulate form, to a stabilizing effect of the
nanoemulsion on plumbagin, or a combination of both.
Indeed, the high particle surface area [15] associated with a
high surface to mass ratio due to the small diameter of the
nanoparticulate dispersion is expected to increase its interac-
tion with cell surfaces, yielding a higher cellular uptake of
plumbagin. Importantly, plumbagin is an &, -unsaturated
diketone (1,4-naphthoquinone) electrophile capable of
undergoing Michael’s addition reaction with endogenous
nucleophiles [35], including serum albumin [26], and is
therefore extremely reactive. Encapsulation of plumbagin
in the hydrophobic core of the nanoemulsion would
decrease its interaction with nucleophiles before reaching
cellular targets. This effect is expected to improve the phar-
macokinetic/pharmacodynamic profile of plumbagin when
administered in the form of a nanoemulsion.



5. Conclusion

We have developed a plumbagin-loaded nanoemulsion for-
mulation using lipid-based excipients that are biocompatible
and have been used in clinically approved pharmaceutical
products. High loading capacity and retention of nanoparti-
cle size over extended time and in a simulated physiological
environment as well as in vitro anticancer activity indicate
that the Capryol 90-based nanoemulsion formulation of
plumbagin has significant translational potential.
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Investigation on medicinal plants’ therapeutic potential has gained substantial importance in the discovery of novel effective and
safe therapeutic agents. The present study is aimed at investigating the hepatoprotective potential of Seriphidium kurramense
methanolic extract (SKM) against carbon tetrachloride- (CCl,-) induced hepatotoxicity in rats. S. kurramense is one of the most
imperative plants for its various pharmacological activities. Therefore, this study was aimed at evaluating the hepatoprotective
potential against CCl,-induced liver toxicity. The serum samples were analyzed for alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) together with the oxidative stress mediator levels as nitric oxide (NO), malondialdehyde
(MDA), glutathione (GSH), reduced glutathione (GSH), and superoxide dismutase (SOD) as well as peroxidation and H,O,
activity. CCl, administration resulted in an elevated free radical generation, altered liver marker (AST and ALT) enzymes,
reduced antioxidant enzyme, and increased DNA damage. Methanolic extract of S. kurramense decreased CCl,-induced
hepatotoxicity by increasing the antioxidant status and reducing H,O, and nitrate content generation as well as reducing DNA
damage. Additionally, SKM reversed the morphological alterations induced by CCl, in the SKM-treated groups. These results
demonstrated that SKM displayed hepatoprotective activity against CCl,-induced hepatic damage in experimental rats.
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1. Introduction

Seriphidium kurramense (Qazilb) Y.R. Ling is an important
medicinal and economic plant of the family Asteraceae and
endemic to the tribal district, Upper Kurram, Pakistan, and
also transported to different parts of the country for the
extraction of new drugs [1]. By surveying the literature, it
has been confirmed that several medicinal plants of Pakistan
collected from Khyber Pakhtunkhwa, including tribal dis-
tricts, have been screened out. The earlier studies showed
that S. kurramense was revealed to have the highest medici-
nal level and also used for insecticide purposes [1, 2]; Kafeel
et al., 2018; [2], by clarifying the mechanism underlying the
phytochemicals and biological activities of S. kurramense
and providing a reference to address protective potential.
Carbon tetrachloride (CCl,) is a well-renowned industrial
solvent known to cause hepatotoxicity. Free radicals derived
from CCl, are involved in covalent binding to the macro-
molecules, which also cause lipid peroxidation [3, 4]. It has
also been used as a dry-cleaning agent in industries, as a cat-
alyst in polymer reactions, as a solvent in cleaning metals,
and as granule fumigant [5, 6]. Numerous studies have been
conducted on CCl,, which showed toxicity in various patho-
physiological conditions [7]. Different studies have shown
that CCl, intoxication is constrained to the liver and causes
oxidative damage to the tissues of the lung, kidney, heart,
brain, testis, and blood [8, 9]. Due to succeeding CCl, expo-
sure, lipid peroxide and protein carbonyl levels were identi-
fied in tissues isolated from the lung, kidney, and testis of
rats [10]. CCl, requires cytochrome P450 (phase I system)
for the activation of metabolic system in the liver to initiate
reactive radical species such as proxy trichloromethyl
(OOCCL;) and trichloro-4 methyl (CCl;), which are
involved in increasing lipid peroxidation and protein oxida-
tion causing liver damage [11]. Both radicals are further
involved in the initiation of alkoxy (RO’ and peroxy
(ROO)) radicals through their action on the polyunsaturated
fatty acids [12]. The silymarin extract obtained from the
Silybum marianum is a mixture of polyphenols and flavo-
noids. Commercially prepared silymarin consists of various
flavonoids, such as silidianin and silichristin, isosilibinin
(isosilybin A and B), and silibinin (silybin A and B). Silibinin
is the key component of this mixture. Silymarin has been
found to show antioxidant potential and stabilize the mem-
brane; it also inhibits fibrogenesis, reduces inflammatory reac-
tion, and provokes hepatocyte regeneration. These results
were verified through several clinical trials [13-16]. Therefore,
the present study was designed with the aim to evaluate their
biological activities including hepatoprotective potential of
Seriphidium kurramense methanol extract (SKM) against
CCl,-induced hepatotoxicity in rats. Our results showed that
SKM treatment significantly abolished CCl4-induced hepato-
toxicity via attenuating free radical generation, boosting
antioxidants, and preventing DNA damage.

2. Results

2.1. Effects of SKM on Liver Biomarker Indices. The ALT and
AST activities and globulin levels were significantly elevated,
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while the level of albumin and total protein was decreased in
the CCl,-treated rats compared to the control group
(Table 1). However, the SKM administration reverses CCl,
effects by reducing ALT and AST activities and the altered
level of albumin, globulin, and total protein. Notably, the
SKM+CCl,-treated groups showed results comparable to
the group treated with silymarin. Interestingly, SKM effects
on the liver biomarkers (ALT, AST, albumin, globulin, and
total protein) were recorded to be dose-dependent (Table 1).

2.2. The Effects of SKM on the Activities of CAT, POD, and
SOD and the Level of GSH. Table 2 shows the effect of
SKM on the activities of antioxidant parameters in experi-
mental animals subjected to CCl, toxicity. The antioxidant
enzyme (CAT, POD, and SOD) activities and the level of
GSH were significantly increased in the CCl,-treated rats
administered with SKM compared to rats treated with
CCl4 only. The administration of SKM to CCl,-treated rats
showed a dose-dependent increase in the activities of CAT,
POD, and SOD and the level of GSH. Consistently, the
increased antioxidant indices (CAT, POD, SOD, and GSH)
were greater in the group treated with SKM only compared
to the groups treated with both SKM+CCl, as well as the
control groups (normal control and silymarin group).

2.3. The Effect of SKM on the Level of TBARS, Nitrite, and
H,O,. The level of TBARs, nitrite, and H,O, was recorded
to be significantly elevated in the group treated with CCl,
only compared to the groups treated with the SKM and sily-
marin as well as the control group (Table 3). The elevation
recorded of these markers of oxidative stress in the groups
treated with CCl, only was reduced in a dose-dependent
manner after SKM administration. The results obtained in
the CCl, groups administered with SKM were comparable
to the CCl, group treated with silymarin.

2.4. SKM Treatment Attenuated CCl,-Induced DNA Injury.
The comet and tail length, DNA in the tail, and tail moments
were significantly high, while the head length and DNA in
the head were significantly low in CCl,-treated rats than in
the control group (Figure 1, Table 4). Nevertheless, the
administration of SKM to the groups treated with CCl,
ameliorated the DNA damage and was comparable with
the group treated with both CCl, and silymarin. Interest-
ingly, the group treated with solo SKM showed better results
compared to the groups treated with both CC, and SKM
(Figure 1, Table 4).

2.5. Defensive Effect of SKM on Histoarchitecture of the Liver.
Hematoxylin and eosin are used to stain the thinly sliced
sections of liver tissue which were microscopically photo-
graphed at 40x to examine various morphological alter-
ations, as shown in Figure 2. Normal morphology is shown
in the control group with the distinctive central vein, Kupfter
cells, hepatocytes, and sinusoids (Figure 2). Furthermore,
CCl, treatment caused a noticeable elevation in fatty
changes, cellular hypertrophy, inflammatory cell infiltra-
tions, ballooning, and dilation of the central vein in the liver
tissues. However, SKM administration (150 mg/kg) pre-
sented the hepatic structure with little fatty changes, dilation
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TaBLE 1: Effect of S. kurramense on liver biomarkers.

Treatment

ALT (mg/dL)

AST (mg/dL)

Albumin (mg/dL)

Globulin (mg/dL)

Tissue protein (ug/mg tissue)

Control (normal) 38 £2.16° 42+2.16¢
DMSO+olive oil 37 +2.16° 43+2.16¢
CCl, (1 mL/kg) 109 + 4.19° 106 + 4.11°
CCl,+silymarin 96 +3.36" 86 +4.61°
CCl,+SKM (150 mg/mg) 86 + 4.42° 84 +4.42°
CCl,+SKM (300 mg/kg) 72 +3.494 58 + 3.49°
SKM (150 mg/kg) 38 £2.16° 44 +2.16¢
SKM (300 mg/kg) 39 +2.16° 42+2.16¢

4.47 +0.59* 3.69 £0.38° 3.26 £0.23°
4.33+0.81° 3.69 +0.42° 3.25+0.32°
1.95+0.29¢ 4.07 +0.36 1.37+0.16°
3.07 £0.37° 3.94 +0.54° 2.67 £0.33°
2.46 +0.14° 3.17 £0.66° 1.62 +0.42°
3.14+0.21° 3.89+0.19° 2.75+0.45°
4.14 4 0.44° 3.59 £0.31° 3.41 £0.42°
422 +0.50° 3.62+0.46° 3.31+0.32°

Values are expressed as mean + SD (7). Values with different alphabet letters down the column indicate a significant difference (p < 0.05). SKM: Seriphidium

Kurramense methanol extract.

TaBLE 2: Effect of S. Kurramense on antioxidant parameters.

Treatment CAT (U/min) POD (U/min) SOD (U/mg protein) GSH (uM/g tissue)
Control (normal) 7.3 +0.82° 9.38 +1.2° 5.33 £0.75° 22.46 +1.32°
DMSO-olive oil 7.2+0.78 9.32+1.17° 5.23 +0.86" 22.41 +1.36°
CCl, (1 mL/kg) 2.36+0.31¢ 3.01+0.33¢ 2.03+0.42¢ 6.42 +0.724
CCl,+silymarin 5.4+0.56° 8.1+1.12° 4.12+0.96" 18.42 +2.16"
CCl,+SKM (150 mg/mg) 4.6+0.68° 6.23 +0.85° 3.78 +0.42° 14.56 £ 1.11°
CCl,+SKM (300 mg/kg) 5.9+0.65 8.52+1.23" 4.36+0.76" 17.23 +1.26"
SKM (150 mg/kg) 7.3+0.72° 9.28 +1.09° 5.28 +0.62° 22.32+1.06°
SKM (300 mg/kg) 7.1+0.93° 9.10 £ 1.11° 5.24 +0.72° 22.42 +1.42°

SKM: Seriphidium kurramense methanol extract. Values expressed as mean + SD (7). Means with different alphabet letters within the column indicate a

significant difference (p < 0.05).

TasLE 3: Effect of SKM on TBARS, nitrite, and H,O, in CCl,-treated rats.

Treatment

TBARS (nM/min/mg protein)

Nitrite (uM/mL) H,0, (uM/mL)

Control (normal) 24.56 +2.16%
DMSO+olive oil 24.47 £2.32%
CCl, (1 mL/kg) 47.22+3.17°
CCl,+silymarin 28.23+1.42°
CCl,+SKM (150 mg/mg) 30.26 +2.42°
CCl,+SKM (300 mg/kg) 29.43+2.17°
SKM (150 mg/kg) 24.24 +1.32°
SKM (300 mg/kg) 23.78 +2.36"

49.24 +2.044 0.39 +0.09°
49.23 +2.254 0.38 +0.08°
87.68 +4.22° 1.03 £ 0.26°
56.23 +2.17° 0.52+0.11°¢
63.01 +2.23° 0.75 +0.15°
58.23 +3.32¢ 0.48 + 0.08°
47.67 +2.31¢ 0.38 + 0.09°
48.03 +2.09¢ 0.39+0.11°

SKM: Seriphidium kurramense methanol extract. Values expressed as mean + SD (7). Means with different alphabet letters within the column indicate a

significant difference (p < 0.05).

of the blood vessel, and uniform morphology of hepatocytes
similar to the control group. Similarly, silymarin (50 mg/kg)
attenuated the cellular alterations and distractions as
expressed. The hepatic histology illustrated that SKM was a
higher defensive dose (300 mg/kg) of SKM.

3. Discussion

Carbon tetrachloride (CCL,) is a well-known lethal hepato-
toxin, and free radical production causes different disorders
[17-19]. For centuries, experimental models have been used
to investigate mechanisms of oxidant/free radical toxicity in
induced chronic disorders [20]. The current study was con-
ceded out to evaluate the ameliorative potential of S. kurra-

mense against liver damage in CCl,-treated experimental
rats. Our result corroborates with Singh et al. [21], who
established the antioxidative properties of Solanum xantho-
carpum fruit extract against drug-induced toxicity.

CCl, induces oxidative stress by free radical generation,
causes tissue injury by DNA damage, distressed enzymatic
level, and elevated lipid peroxidation. Previously, it has been
reported that CCl, (1 mL/kg) administration for 4 weeks at
alternating days caused hepatic fibrogenesis, injured the
functional reliability of cell membrane and hepatic mito-
chondrial function, and increased serum enzymes and
endogenous antioxidant enzyme pool [22, 23]. Recent stud-
ies reveal that CC4-treated rats showed a high intensity of
liver markers ALT, AST, and ALP in the serum due to
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F1GURE 1: The fluorescence photomicrograph of Seriphidium kurramense methanol extract effect on DNA of hepatic cells: (a) control group,
(b) vehicle control, (c) CCl, only, (d) CCl,+rutin, (e) CCl,+low dose (150 mg/kg), (f) CCl,+high dose (300 mg/kg), (g) low dose alone, and

(h) high dose alone.

damaged hepatocellular membrane reliability [12, 24]. In the
present study, the plant’s methanol extract showed its pro-
tective aptitude according to its dose concentration. More-
over, the low dose (150mg/kg) was protective, while the
protective effect of the high dose (300 mg/kg) was signifi-
cantly incoherent with silymarin. Our results are in accor-
dance with the study of Sahreen et al. [12], in which they
documented that the antifibrotic effects are caused by the
antioxidant activity of Rumex hastatus D. On the other
hand, serum activities of AST, ALT, and ALP are related to
hepatocyte membrane damage, leaked out into plasma due
to the damaged membrane. Singh et al. [25] suggested that
the above serum markers” high levels can be the consequence
of massive centrilobular necrosis and cellular infiltration in
the liver.

Nevin and Vijayammal [8] proposed that compounds
and chemicals’ toxicological nature can be regularly tested
by total protein estimation. Consistent with previous find-
ings herein, CCl, intoxication reduced protein levels both
in the serum and at the tissue level, and SKM treatment
reversed these CCl,-induced effects. Furthermore, a high
dose of SKM showed more promising and protective effects
than a low dose against CCl,-induced protein level dysregu-
lation, suggesting a dose-dependent action of SKM [26].
These results showed that S. kurramense is a worthy candi-
date to inhibit the DNA damage in renal tissues. However,
the antioxidant resistance system includes the enzymatic
antioxidants (CAT, POD, SOD, GST, and GSH), which con-
tributed a fundamental role in the protective system via
scavenging free radicals. It has been reported that CCl,
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TaBLE 4: Effects of SKM on the genotoxic parameters in CCl,-treated rats.

Treatment Comet length Head length Tail length % DNA in the % DNA in the Tail moment
(um) (pm) (um) head tail (pm)
Control (normal) 62.14 + 3.6 55+ 3,03 73+1.11¢ 91 +3.03 9.01+1.16 31.51+2.01°
DMSO+olive oil 62.23 + 3.4 55.5+ 3.2 7.5+1.02¢ 90 + 3.45° 9.86 +1.37¢ 31.42 +2.12°
CCl, (1 mL/kg) 86.21 +4.2° 44 +3.33° 42+2.11° 65+2.12¢ 35+2.56 41.87 +2.07°
CCl,+silymarin 65.27 £3.1° 52.3+3.1° 13.9 £1.23° 86 +3.16" 14.1+1.9° 3242 +2.01°
CCl,+SKM (150 mg/mg) ~ 73.03+3.3" 45 +3.42° 19 +2.45° 71.3 +3.1° 29.5+2.3" 36.56 +2.02°
CCl,+SKM (300 mg/kg) ~ 65.78 +3.3° 452+2.3° 20.58 +1.4° 87.1+3.2° 12.87 +1.1° 32.54 +2.04°
SKM (150 mg/kg) 61.62 + 1.6 54.3+2.4a 7.31+1.9d 91.2+3.1a 9.78 +1.5d 30.50 + 2.02¢
SKM (300 mg/kg) 62.23+1.3¢ 55.6+2.2% 7.63+1.01¢ 90.1+4.1° 9.71 +1.13¢ 30.47 +2.04°

SKM: Seriphidium kurramense methanol extract. Values expressed as mean + SD (7). Means with different alphabet letters within the column indicate a

significant difference (p < 0.05).

treatment can cause a significant reduction in the CAT,
POD, SOD, GST, and GSH levels [27, 28]. Interestingly,
the level of GSH reduced because of its more utilization by
the hepatocytes in hunting toxic radicals produced by
CCl,. [29] also documented the decline in levels of all
enzymes and GSH content in liver tissue by CCl, supervi-
sion. However, SKM treatment enhanced antioxidant
enzymes, including CAT, SOD, POD, GST, and GSH level,
and decreased under CCl,-induced stress condition [29]
using Sonchus asper as a medicinal plant. Furthermore,
CCl, was also showing its toxic belongings by changing the
levels of TBARS, H,0,, tissue protein, and nitrite contents.
Peroxidation of lipids provoked overexpression of genetic
fibrogenic cytokines by motivating the collagen amalgam-
ation and activating hepatic [30]. Herein, in agreement with
previous findings: our results demonstrated reduced protein
level and enhanced TBARs, H,0,, and nitrite content upon
CCl, administration. However, SKM treatment significantly
recovered CCl,-induced toxicity by reducing TBARs level,
H,O, concentration, and nitrite content, likewise the
silymarin-treated group. Furthermore, the high-dose treat-
ment of SKM was more effective than the low dose.

Liver regeneration has a significant role in the resistance
against chemical-induced damage [31], and its histopatholo-
gical analysis is the shortest way of evaluating the toxic effect
of a drug such as CCl, and extract of different plants. In our
results, liver histological analysis showed a high degree of
liver cell damage, fibrosis, necrosis, cellular hypertrophy,
and central lobule disruption in the CCl,-treated group
compared to the normal subjects; a comparable result has
been demonstrated previously by Chen et al. [32]. CCl,-
caused oxidative damage to DNA in the mammalian cells
has been pragmatic [33]. The single-stranded or double-
stranded break in the DNA is because of free radicals,
injuring DNA integrity [34, 35]. Our single-cell gel electro-
phoresis results showed the extent of DNA damage in the
CCl,-treated group compared to the normal subject [36].

Furthermore, an increase in comet tail moment and
decline in DNA percentage were observed in CCl,-treated
rats compared to the control group. Akram et al. [37] used
comet assay to report DNA damage in the rats’ ovaries upon
sodium arsenate treatment. Sodium arsenate treatment con-
centration depends on increased oxidative stress in the tis-

sues, leading to abnormal oocytes with damaged DNA.
And also, it is recommended to study the advanced tech-
niques using SEM analysis for future study [38, 39]. How-
ever, in the present investigation, SKM treatment showed
an increase in comet head length, DNA percentage, and
reduction of comet length, tail length, and moment, as well
as DNA percentage in the tail of the comet, suggesting its
protecting effects against CCl4-induced cellular toxicity by
preventing DNA damage. Notably, a high dose of SKM
was more prominent and significant than a low dose.

4. Materials and Methods

4.1. Plant Material and Extraction. Seriphidium kurramense
was collected during the spring season in 2018 from Parachi-
nar tribal district, Khyber Pakhtunkhwa (KPK), Pakistan.
Dr. Mushtaq Ahmad, Professor at Quaid-i-Azam University
Islamabad, identified the plant specimen. Aerial parts of S.
kurramense were dried under shade and ground to fine pow-
der, and about 2 kg was pulverized using an electric blender.
The finely powdered sample was macerated in 4 L methanol
for two weeks at room temperature. Extract of the plant was
completed twice to get their soluble portions using resultant
filtrate. Subsequent to obtaining cured methanol extract,
particular fraction was ended by the rotary evaporator [40,
41]. Afterward, the plant extract was dried out and kept at
4°C for further explorations, while for in vivo analysis,
CCl, was preferred to rouse toxicity in the liver of Sprague
Dawley rats as an animal model and to scrutinize them at
molecular, biochemical, and tissue level. The mixture was
evaporated to dryness; the slurry extract was dried
completely at -70°C. The mechanism is shown in Figure 3.

4.2. Preparation of CCl, and SKM. CCl, was prepared using
olive oil as a vehicle. CCl, was added to the olive oil in the
ratio of 30:70 w/w. The intraperitoneal injection of CCl,
mixed with olive oil was carried out for four weeks. Simulta-
neously, the plant methanol extract was administered at a
dose of 150 and 300 mg/kg body weight. Silymarin was used
as the reference drug at a dose of 100 mg/kg body weight.
The various doses of SKM were prepared in DMSO as the
vehicle for the plant extract.
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F1GURE 2: Liver histopathological observations of control and treated groups at 40x: (a) control, (b) vehicle control, (c) CCl, only, (d) CCl,
+silymarin 200 mg/kg, (e) CCl,+SKM 150 mg/kg, (f) CClL,+SMM 300 mg/kg, (g) SKM 150 mg/kg, and (h) SKM 300 mg/kg.

4.3. Experiment. Fifty-six rats with 150-200g weight were
kept at the primate facility in Quaid-i-Azam University,
Islamabad, Pakistan. The experimental animals were sub-
jected to 12 h dark and light cycle, fed on standard rat feeds,
and provided with water ad libitum. The methods for animal
handling were following the institutional ethical committee’s
guidelines on scientific research. According to Table 5, the
experimental animals were divided into eight groups (each
n=6). Group I served as a control, group II contained rats
that were treated with DMSO (10%, 1 mL/kg), group III con-
tained rats treated with CCl, (i.p) (1mL/kg), group IV
received CCl,+silymarin (100 mg/mL/kg) (as a reference
group), group V rats received CCl,+SKM (150 mg/kg,

orally), group VI received CCL,+SKM (300 mg/kg, orally),
group VII received SKM (150 mg/kg orally), and group VIII
received SKM (300 mg/kg orally).

4.4. Collection of Blood Sample and Isolation of Organs. The
experimental rats were subjected to chloroform anesthesia.
The jugular vein of the unconscious animal was cut using a
sharp disserting blade. The blood samples were collected
into clean plain sample bottles. The blood samples were cen-
trifuged for 15min at 10,000 rpm. After centrifugation, the
serum samples were collected and stored in appropriate
sample bottles. The animals were dissected, and part of the
liver organ was collected, cleaned, and stored in liquid
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Collections and shad drying

F1GURE 3: Mechanism of Seriphidium kurramense from traditional medicine to in vivo analysis.

TaBLE 5: Distribution of animal groups (each containing 6 rats).

Group (control)

Given no treatment

Group 1 (control normal)
Group 2 DMSO+olive oil
Group 3 (CCly)

Group 4 (silymirin+CCl,)

Group 5 (low dose+CCl,)

Group 6 (high dose+CCl,)

Group 7 (SKM)
Group 8 (SKM)

Normal healthy feeding
Given 10% DMSO in olive oil orally (1 mL/kg rat body weight)
Given 30% CCl, in olive oil i.p (1 mL/kg rat body weight)
Given 30% CCl, in olive oil i.p (1 mL/kg rat body weight)+silymarin (100 mg/mL in DMSO) orally
Given 30% CCl, in olive oil i.p (1 mL/kg rat bodyweight)+S. kurramense methanol (SKM) (150 mg/kg rat body

weight) orally

Given 30% CCl, in olive oil i.p (1 mL/kg rat bodyweight)+S. kurramense methanol (SKM) (300 mg/kg rat body

weight) orally

Given only S. kurramense methanol (SKM) (150 mg/kg rat body weight) in DMSO orally
Given only S. kurramense methanol (SKM) (300 mg/kg rat body weight) in DMSO orally

nitrogen at 70°C for analysis of tissue homogenates. Follow-
ing homogenization, the liver homogenate was centrifuged,
and the supernatant was collected and was preserved in
phosphate buffer formalin 10%, for histopathological
observations.

4.5. Biochemical Analysis. ALT (alanine aminotransferase
estimation), AST (aspartate aminotransferase estimation),
ALP (alkaline phosphatase estimation), and albumin were
estimated using diagnostic tools.

4.5.1. Protein Estimation. The full soluble hepatic proteins
were anticipated by the technique of Lowry et al. [42]. An
amount of 80 mg of tissue was weighed of every organ and
homogenized within the phosphate buffer. The organ tissues
were centrifuged after homogenization at 10,000 rpm at 4°C
for 20 min. The 0.1 mL sample is mixed in 1 mL basic solu-
tion and incubated for 10 min; then, Folin-Ciocalteu reagent
was added to each tube with the ratio of 1:1 (v/v) and
vortexed. The absorbance was recorded at 595nm after

30 min incubation. BSA standard curve was used to deter-
mine soluble protein concentration.

4.5.2. Globulin Estimation. Globulin evaluation was carried
out using the following formula:total protein — albumin.

4.5.3. Assessment of Antioxidative Profile

(1) Catalase Assay (CAT). Catalase action was intended by
Chance and Maehly’s [42] technique with some changes.
For the catalase evaluation, the reaction fusion restricted
2500 uL of 50 mM phosphate bufter (pH7.2), hydrogen per-
oxide 420 uL (5.9mM), and extract of enzyme (100 uL).
After 1 min, absorbance alteration of the reaction mixture
of the solution was recorded at 240 nm. One entity, catalase
activity, was distinct, since at 0.01 units per minute, there is
an absorbance change.

(2) Peroxidase Assay (POD). POD assay was resolved by
Kakkar et al’s [4] technique. The reactants of peroxidase



assay were 1000uL enzyme extract, 100uL guaiacol
(20mM), 300 uL H,0, (40 mM), and 2500 4L 50 mM phos-
phate buffer (pH 6.8). The absorbance change of the reaction
solution was measured after 1 min at 470nm. A change of
absorbance of 0.01units per minute’s peroxidase activity
was observed.

(3) Superoxide Dismutase Assay (SOD). SOD assay was per-
formed using Spitz and Larry’s [43] technique. This process
was initiated by using 100 yL reaction mixture of 186 uM
PNS (phenazine methosulphate), 1200 yL sodium pyrophos-
phate (0.052 mM; pH =7.0), and supernatant 300 yL derived
from the homogenate of the liver, which was integrated into
the reaction mixture. The entire mixture was subjected to
centrifugation for 10min at 1500rpm and after that at
10000 rpm for 15min. The enzyme’s reaction started with
the addition of 0.2mL of 780 uM NADH and followed by
the addition of 1000 uL glacial acetic acid. The intensity of
color estimated the amount of chromogen produced at an
absorbance of 560 nm, and the results were recorded in units
per milligram.

(4) Glutathione S-Transferase Assay (GST). To evaluate GST,
Habig et al’s [44] method was used. The summary of all
the reactants for this test includes 200 uL of reduced
glutathione of 1 mM, 1475 uL phosphate buffer of
0.1 M (pH =6.5), and enzyme extract of 300 L, in a total
volume of 2000 uL. At the absorbance of 340 nm, a
change was observed. The activity of enzymes was assessed
throughout with the formation of M conjugate per minute.
The extermination molarity, 9.6 x 103 M eml, was
used as a coefficient here.

(5) Reduced Glutathione Assay (GSH). The assay was per-
formed using Jollow et al.’s [45] protocol. The homogeneous
mixture of the sample contained 1000 L of 4% sulfosalicylic
acid. The appetizer was kept at 4°C for 1h and centrifuged
for the next 20 min at 4°C (1200 g). The entire 3000 uL vol-
ume of the reactant mixture included 100 uL clean aliquot,
200uL DTNB (100mM), and 2700 uL phosphate buffer
(0.1M; pH=7.4). The color (yellow) variation at various
combinations of the reactants was calculated instantly by
maintaining 412 nm of the absorbance. Reduced glutathione
action was articulated as micromolar GSH per gram tissue
piece.

(6) Lipid Peroxidation (TBARS). This original assay was con-
ducted using Iqbal and Wright’s [46] method. The whole
1000 uL of the main reacting sample included 0.1 M
phosphate buffer (580 uL) maintained at pH 7.4, homoge-
nate sample (200 uL), the 100 mM of ascorbic acid
(200 L), and 100 mM ferric chloride (20 uL). The
whole reacting sample was kept at 37°C for 1  h in the incu-
bator. The 1000 uL of 10% trichloroacetic acid was added
to block the reaction. The sample tubes were inserted in
hot water maintained at 100°C, followed by adding 0.67%
thiobarbituric (1000 uL) for 20 min, and next positioned
on the compressed ice-bath, and then, centrifugation for
10 min (2500 x g) was started. The amount of TBARS
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(lipid peroxidation) in every sample was premeditated by
captivating the absorbance of supernatant against a blank
reagent on a spectrophotometer at 535 nm. The outcomes
were uttered using 1.56 x 105 M cm™ molar destruc-
tion coeflicient for TBARS per minute per milligram tissues
at 37°C.

(7) Hydrogen Peroxide Assay (H,0,). H,0, activity was exe-
cuted following the Pick and Keisari’s [47] protocol through
umpired horseradish peroxidase-reliant oxidation of phenol
red. The main constituents included 0.5M phosphate bufter
(pH =7.0), 8.5 units of horseradish peroxidase, 5.5nM dex-
trose, and 2mL of a homogenate of tissue (hanging in
1000 uL of a solution of 0.28 nM phenol red), and the whole
mixture of the sample was incubated for 60 min at 37°C
followed by addition of 10 uL of 1N sodium hydroxide to
cease further reaction. The centrifugation was performed at
800 x g for 5min. At the wavelength of 610 nm, the superna-
tant’s absorbance against the blank reagent was calculated.
The nM H,O, was fed in milligram per minute per tissue
using standard curve H,O, oxidized phenol red.

(8) Nitrite Assay. Grisham et al. [48] experimented to
authenticate the nitrite assess. The Griess reagent was used
in this experiment. The sample (100 mg tissue homogenate)
was deproteinized with 5% ZnSO, and 0.3M NaOH
(100 uL). The entire mixture was subjected to 15-20 min of
centrifugation at 6400 x g. A volume of 1 mL Griess reagent
along with 20 uL supernatant was added in the cuvette. The
absorbance of the reaction mixture was recorded at 540 nm.
The curve of NaNO, was used for evaluating the quantity of
nitrite in samples.

(9) Histopathological Study of Tissues. The paraffin-rooted
bruising route finished histopathology of tissue appraisal.
The different steps demand obsession with a biological taster
in sticky stuff, safeguarding their morphology, and avert the
tissue decomposes. Consequently, the new hepatic tissues
were segmented into tiny sections and set in 10% formalin.
The preset tissues were more soaked, and progression in
the way of a mounting succession of 50%, 70%, 90%, and
100% alcohol, heading for the tissues, maintains on a rigid
solid medium and, consequently, assists slight segments to
be incised. The tissues were safe on tough solid wedges,
using paraffin-implanting. Slides were fixed by slicing skinny
strata of the fixed-tissue tasters 3-4 ym through staining with
eosin and hematoxylin. Finally, the examination of slides
was carried out in the light microscope (DIALUX 20 EB)
at 10x and 40x and pictures using an HDCE-50B camera
were taken.

(10) Comet Assay. To determine the DNA damage, the pro-
tocol of Dhawan et al. [29] with some modifications was
used.

(11) Lysing Solution. The fusion of solution was made by
adding 1.46 g of 2.5M NaOH, 1.2 g of 100 mM Trizma base,
and 37.2 g of 100mM EDTA into 700 mL distilled water. By
the addition of HCl or NaOH, pH was adjusted to 10.
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Adjustment of entire volume was made equal to 890 mL
through distilled H,O. DMSO and Triton X increase the vol-
ume up to the required level, and then, a solution was placed
on standby at room temperature. Later on, 10% DMSO and
1% Triton X were added to result in the lysing solution’s
final state. The whole solution was kept in the refrigerator
for 30 min.

(12) PBS Buffer (Mg’*, Ca®*). Tt was diluted by 990 mL
distilled water, and the final volume reached up to
1000 mL at room temperature and regulated at pH 7.4.

(13) Electrophoresis Buffer. Intended for 1X buffer ground-
work in distilled H,O, 30 mL NaOH was added to 0.5mL
of 200mM EDTA, and the whole volume was taken up to
1000 mL. At room temperature, pH was fixed at less than 1.

Neutralization buffer: 48.5g of 0.4M Tris was mixed
with 1L of distilled water, and conc. HCI was added at room
temperature to fixed pH of 7.5.

Staining solution: 30pug/mL stock solution of 10X
ethidium bromide. Ten milligrams of ethidium bromide
was added to 50 mL dist. H,O to obtain ethidium bromide
solution. This solution was used as a staining agent.
A.0.5% of low melting point agarose (LMPA) was all set
through the amalgamation of 250 mg of low melting point
agarose in 1% PBS solution (50mL). Refrigeration was
stopped, and temperature was stabilized at 37°C by putting
in water bath earlier to use a 1% normal melting agarose
(NMA). This solution resulted by adding 500 mg of NMA
in 50mL H,O. Suspension of the gel is formed by heating
MA in 50 mL water.

4.6. Preparation of Slides. The NMA and LMPA solutions
were all set for the slide preparation, as illustrated earlier.
Slides were set via sinking in methanol and burn up over a
fire to get rid of dirt. The small portion of the slide was sunk
in warm NMA agarose and subsequently took away gradu-
ally. Dirt-free inferior surface was kept in a dish designed
for solidification. The slides were dried in the air, tagged,
and placed at ordinary temperature. For the extraction pur-
pose, a minute portion of tissue was placed in a cold solution
of HBSS (1 mL) containing DMSO and EDTA in a ratio of
10:20. Small pieces of tissues were crushed, followed by
the addition of 75uL LMPA in it. On stored slides, this
blend was coated and enclosed by a coverslip. Slides were
placed in ice packs for the solidification of gel. After 5-
10 min, gradually remove the coverslips and third coat by
addition of 80 uL of LMPA on the same slide; using the ice
packs, they were made dried. This was further followed by
removing the coverslips and putting slides in lysing solution.
Sides were protected from the light and chilled for 2 h.

4.7. Electrophoresis. After staying for 2h in lysing solution,
the slides were removed adjusted with a flat gel kit. The
newly equipped buffer was dispensed in a gel container,
and every slide was placed in the buffer for 20 mins to unzip
DNA. At 24 volts, the electric supply was switched on for
30min. Slides were gradually taken away, and next is the

addition of neutralizing buffer. A similar practice was
repeated again and again. A 80 yL of 1X ethidium bromide
staining was done, and slides were covered with coverslips.

4.8. Slide Visualization. DNA damage was recognized
through a fluorescent microscope at 40x. The degree of
DNA injury was determined through the software of image
investigation CASP 1.2.3. At the same time, approximating
the proportion of transferred DNA and also emigrational
span was done. Usually, in all tasters, 50 to100 cells were
studied. To analyze the relationship between the quantities
of per cell migration, numbers of cells with improved migra-
tion, feasibility, and emigrational aptitude among injured
cells were counted.

5. Conclusion for Future Biology

Seriphidium kurramense possessed potent potential against
CCl,-induced hepatotoxicity by reducing oxidative and
nitrosative stress, boosting antioxidant capacities, and reduc-
ing cellular toxicity attenuating DNA damage. Moreover, the
inspected plant might be measured as an impressive natural
cause to widen novel drugs and present a feasible signifi-
cance of treating various diseases in the mounting world.
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