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Basil (Ocimum basilicum Linn.) is a plant that has found use in traditional medicine and household remedy against human ailments.
The present study aimed at investigating hexane and ethanol fruit extracts of Ocimum basilicum Linn. for their phytoconstituents and
anti-inflammatory, antioxidant, and anthelmintic activities. Phytochemical screenings were performed using standard protocols.
Anti-inflammatory activities were assessed using the egg albumin denaturation method, while the antioxidant activities of the extracts
were determined using DPPH scavenging, total antioxidant capacity (TAC), and hydrogen peroxide (H,O,) assays. In vitro an-
thelmintic activity of both extracts was investigated against Eudrilus eugeniae (Earthworms). Column chromatography was employed
to separate the least polar fraction A, using hexane as the mobile phase, which was analyzed using FTIR analysis. The preliminary
phytochemical screening revealed the presence of alkaloids, phenols, saponins, glycosides, steroids, tannins, terpenoids, and fla-
vonoids. The hexane and ethanol extracts exhibited high concentration-dependent anti-inflammatory activities, with their percentage
inhibitions being 34.0 +£0.01 and 17.6 + 0.04 ug/mL, respectively. The hexane extract showed a higher concentration-dependent
antioxidant activity (ICs of 14.17 + 1.15 ug/mL) compared to the ethanol extract (ICs, > 100.0 yg/mL) for the DPPH assay. The IC5,
values of ethanol and hexane extracts were 623.5 +0.27 and >1000.0 yg/mL, respectively, for the H,0, scavenging assay. TAC was
determined to be 37.48 £ 0.09 and 18.81 +0.12 gAAE/100 g for ethanol and hexane extracts, respectively. Both extracts showed a
higher concentration-dependent anthelmintic activity. Increasing the concentration increased the helmintic potency of the extracts.
The results indicate that both hexane and ethanol extracts of Ocimum basilicum Linn. exhibit anti-inflammatory, antioxidant, and
anthelmintic activities and support the traditional usage of this plant.

1. Introduction

The use of natural products from plants by humans for
treatment of various ailments could be traced back to the
middle of Paleolithic era, which is about 60,000 years ago
according to fossil records [1]. Medicinal plants, otherwise
referred to as herbs or herbal medicine, are the richest of
bioresource of drugs of traditional systems of medicine,
modern medicines, nutraceuticals, food supplements, folk
medicines, pharmaceutical intermediates, and chemical
entities for synthetic drugs [2]. According to World Health

Organization, between 70 and 95% of the population in
developing countries rely on plants for their primary health
care [3]. From the estimated 300,000 plants species that exist
in the world, only 15% have been investigated for their
pharmacological potential indicating the need for research
into plant medicine [4, 5]. Many plants have been identified
to exhibit antimicrobial, antioxidant, and anti-inflammatory
activities [6, 7].

Helminthiasis is a disease that affects both man and
animals leading to stunted growth. In developing countries,
it poses a great threat to public health and contribute to the
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prevalence of malnutrition, anemia, eosinophilia, and
pneumonia [8]. Helminth infection is one of the most
common diseases in the world, especially in the tropical
regions. Recent estimates of the World Health Organization
(2019) suggest that about 1.5 billion people suffer helmin-
thiasis [9]. This infection poses a great threat to both human
and animal health and is most prevalent in tropical and
subtropical areas, with the greatest numbers occurring in
sub-Saharan Africa, the Americas, China, and East Asia.
Anthelmintics are a group of antiparasitic drugs that expel
parasitic worms (helminths) and other internal parasites in
the body by either stunning or killing them and without
causing significant harm to the host [10]. However, resis-
tance is probably an inevitable consequence of the use of
anthelmintics, and the history of parasite resistance to an-
thelmintic starts with the first report on phenothiazine in
1957 by nematodes of Haemonchus contortus [11].

Basil or sweet basil (Ocimum basilicum) belongs to the
genus Ocimum, with local names in Ghana as Nunum in
Akan language and Nyulin-nyuu in Dagbani language. Its
name was derived from the Greek word Ozo which means to
smell, in reference to the strong odours of the species within
the genus [12]. Ocimum basilicum (sweet basil) is ubiqui-
tously known for its therapeutic potentials in folk medicine.
Folk medicine practitioners in Northern part of Ghana use
the fruits of Ocimum basilicum against ailments such as
worm infestation, inflammations, diarrhoea, and eye-related
diseases according to the oral survey conducted by our
research laboratory. In Annam, an infusion of the plant of
Ocimum basilicum is considered to be anthelmintic, dia-
phoretic, antiemetic, and antidiarrhoeaic [13, 14]. Other
parts of the plant are used against infections, impotency,
hypertension, pains, and diabetes, among others [13, 14].

Khare reported that Ocimum basilicum plant contains
flavonoids and phenolic compounds, and its green leaves are
enriched with high concentration of vitamins, minerals, and oils
[15]. The fresh flowering herb of Ocimum basilicum yields
essential oil containing small amount of eucalyptol, estragol,
ocimene, linalool, eugenol, acetate, 1-epibicyclosesquiphellan-
drene, methanol, menthone, cyclohexanol, cyclohexanone,
myrcenol, and nerol [16]. Phytochemical screening conducted
by Bihari et al. on Ocimum basilicum aerial parts showed the
presence of flavonoids, phenolic compounds, protein, amino
acids, glycoside, gums, mucilage, tannins, flavones, triterpenes,
steroids, and saponin [17]. Research conducted by Razavi et al.
revealed that basil seeds contain a gum, which comprises two
major fractions of glucomannan (43%) with the ratio of glucose
to mannose 10:2 and (1 — 4)-linked xylan (24.29%) and a
minor fraction of glucan (2.31%) [18]. Azuma and Sakamoto
also reported the presence of highly branched arabinogalactan
in addition to glucomannan and (1 — 4)-linked xylan [19].

Hence, this research study is tailored to find new leads
for anthelmintic agents that are bioactive, efficacious, and
safe to combat the resistance developed by parasitic hel-
minths [13, 14]. Ocimum basilicum fruits can be a potential
source for new anthelmintics based on its versatile thera-
peutic application in folk medicine for worm infestation in
Northern parts of Ghana and anthelminthic usage in Annam
[13, 14]; hence, it is worth much in ascertaining the claims by
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herbalist and local medical practitioners for the potency of
Ocimum basilicum fruits.

Most research studies conducted on the pharmacological
potential of Ocimum basilicum were mainly focused on
crude extracts of the leaves, roots, and stem bark. Never-
theless, it is also important to identify the bioactive com-
pounds responsible for each one of the ascribed bioactivities,
especially for the fruits. At the time of carrying out this
research, there are no reports on the anthelmintic activity of
this plant.

The aim of this study was, therefore, to examine the
efficacy of O. basilicum ethanolic and hexane fruit extracts as
an anthelmintic as well as to confirm the anti-inflammatory
and antioxidant activity previously reported [20, 21] using in
vitro assays. Additionally, it is aimed at identifying and
confirming the presence of the phytochemicals in the fruit
extract, eliciting pharmacological activities using FTIR
analysis.

2. Materials and Methods

2.1. Sample Collection and Identification. The fruits of O.
basilicum (basil) were collected at Gurugu in the Sagnarigu
District of Northern Ghana (latitude: 9°16' N-9°34' N and
longitude: 0° 36" W-0" 57" W) with the help of a local
herbalist between 18 and 20 September 2018. The fruits were
identified by Mr. James Amalgon at the Forestry Department
in Tamale. The fruits were further taxonomically identified
and authenticated by Mr. Clifford Osafo Asare at the De-
partment of Herbal Medicine, Faculty of Pharmacy and
Pharmaceutical sciences, Kwame Nkrumah University of
Science and Technology (KNUST). Voucher specimen
(KNUST/HM1I/2019/S001) was deposited in the herbarium
for reference purposes.

2.2. Chemicals and Reagents. All chemicals were purchased
from Sigma Aldrich Co. Ltd., Irvine, U.K., except the
standard drugs. The organic solvents were of analytical grade
and procured from BDH Laboratory Supplies (England).

2.3. Extraction of Plant Material. The fruits of O. basilicum
were thoroughly washed, first under running water to
remove any form of debris, and subsequently rinsed in
distilled water to exclude heavy metals in tap water. The
fruits were air-dried under shade for two weeks, pulverized
into coarse powder, and stored in a desiccator until analysis.

2.3.1. Preparation of Ethanol and Hexane Extracts. A mass
of 100 g of the powdered sample of O. basilicum was soaked
separately in 1dm’ of ethanol and hexane and extracted
using the Soxhlet apparatus over 8 hours until the sample
was completely exhausted [7]. The ethanol and hexane ex-
tracts were condensed and evaporated to dryness using the
rotary evaporator at 50°C (BUCHI Rota vapor R-114). The
extracts were dried, and the percentage yield of extracts with
respect to powdered plant material was determined. The
extracts were then stored at 4°C in a refrigerator.
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2.4. Phytochemical Screening of Extracts. The pulverized
sample and the crude extracts (ethanol and hexane) obtained
were screened to assess the presence of phytoconstituents
using the methods described by Trease and Evans [22].

2.5. Collection of Eudrilus eugeniae for Anthelmintic Activity.
Earthworms (Eudrilus eugeniae) were collected from a water
logged area behind the Department of Theoretical and
Applied Biology within KNUST, Kumasi—Ghana (latitude
6°35 N-6°40 N and longitude 1°30 W-1°35 W). The worm
type was authenticated at the Zoology Unit, Department of
Theoretical and Applied Biology, KNUST, by Mr. Lawrence
Yeboah.

2.5.1. In Vitro Anthelmintic Assay. In vitro anthelmintic
activity against Eudrilus eugeniae (earthworms) of both
ethanol and hexane extracts was examined. The anthelmintic
assay was carried out using a modification of the methods
described by Ajaiyeoba et al. [23]. Stock solutions of 5000 yg/mL
of extracts and mebendazole (reference drug) were prepared
using sterile distilled water as a solvent. From the stock
solution, four concentrations of 250, 500, 1000, and 3000 ug/
mL were prepared. Saline water was used as a negative
control. All the test solutions including the standard ref-
erence drug were freshly prepared before the start of the
experiment. Three worms of approximately the same size
were released into separate Petri dishes containing 50 mL
each of the various test solutions.

Determination of time of paralysis and time of death of
the worms were recorded. Time of paralysis was noted when
no movement of any sort could be observed except when the
worms were shaken vigorously. Time of death of worms was
recorded after ascertaining that worms neither moved when
shaken vigorously nor when dipped in warm water (50°C)
followed by fading away of their body colors. The experiment
was independently repeated to obtain three independent sets
of data for the analysis, and the results are expressed as a
mean + standard error of the mean (SEM) (N=3).

2.6. In Vitro Anti-Inflammatory Assay Using Egg Albumin
Denaturation. Anti-inflammatory assay was carried out
according to a modification of the methods described by Sree
Kumari et al. [24]. The egg denaturation assay was employed
in this study due to the fact that anti-inflammatory agents
have been reported to inhibit thermal denaturation of
proteins [24]. Stock solutions of 5000 ug/mL of both extracts
were prepared by using sterile distilled water as a solvent.
From the stock solutions, various concentrations of 1000,
2000, 3000, and 4000 ug/mL were prepared using sterile
distilled water as a solvent. The reaction mixtures of total
volume 5mL were prepared by dissolving 0.2mL of egg
albumin (fresh egg of a hen), 2.8 mL of phosphate-buffered
saline (PBS, pH of 6.4), and 2mL of the various concen-
trations of extract solutions. A volume of 2mL of aspirin
with similar varying concentrations as that of extracts was
used as the standard reference drug and 2mL of doubled
distilled water solution served as negative control. The

mixtures were incubated at 37°C in a Bio-Oxygen Demand
(BOD) incubator for 15 minutes.

The mixtures were then heated in a water bath at 70°C for
5 minutes to induce denaturation. The absorbance of the
solutions was measured in triplicate at 660 nm using UV-Vis
spectrophotometer. The procedure was independently re-
peated to obtain three independent sets of data for the
analysis in triplicate.

The percentage inhibition of protein denaturation was
calculated as follows:

% inhibition =

x 100, (1)
0

where A, = absorbance of negative control and A = absorbance
of test solution.

2.7. In Vitro Antioxidant Assays. Three main assays were
employed for the antioxidant activity determination. They
were 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radicals
scavenging, hydrogen peroxide scavenging, and the total
antioxidant capacity assays.

2.7.1. DPPH Radical Scavenging Assay. The free radical
scavenging activity of ethanol and hexane extracts was ex-
amined according to a modification of the methods de-
scribed by Sanchez-Moreno et al. [25]. A solution of 20 yg/mL
DPPH was prepared by dissolving 2 mg of DPPH in 100 mL
of methanol. Stock solutions of 100 yg/mL of each extract
in dimethyl sulfoxide (DMSO) were prepared from which
various concentrations 50, 25, 12.5, and 6.25ug/mL
were prepared using DMSO as solvent. A stock solution of
100 ug/mL ascorbic acid was also prepared from which
various concentrations 50, 25, 12.5, and 6.25 yg/mL were
made through serial dilution using distilled water as a
solvent. Ascorbic acid was used as a reference standard. The
reaction mixtures of volume 200 yL were prepared by dis-
solving 150 L of 20 ug/mL DPPH solution and 50 uL of
various concentrations of the test solutions. The mixtures
were then incubated in dark at room temperature for 30
minutes, after which the absorbance was measured at
517nm. The experiment was independently repeated to
obtain three independent sets of data for the analysis. DPPH
radical scavenging (%) was calculated using the following
formula:

% scavenging =

x 100%, (2)
0

where Ay = absorbance of control and A = absorbance of test
solution.

2.7.2. Hydrogen Peroxide Scavenging Assay. Determination
of hydrogen peroxide scavenging potential of ethanol and
hexane extracts was carried out according to a modification
of the methods described by Mukhopadhyay et al. [26]. The
assay is based on specific complexation of ferrous ion with
1,10-phenanthroline to form red-orange triphenanthroline
complex.



Stock solutions (1000 ug/mL) of each extract in sterile
distilled water were diluted to produce concentrations of
200, 400, 600, and 800 ug/mL. For the standard, a stock
solution of 500 ug/mL of gallic acid was prepared, from
which various concentrations ranging from 10 to 250 yg/mL
were obtained by dilution.

To a series of test tubes, 0.5mL of ferrous ammonium
sulphate (1 mM) was added. Then, 3mL of test solutions
(various concentrations of both the extracts and gallic acid
solutions) was added and mixed. A volume of 0.13mL
hydrogen peroxide at a concentration of 5mM was added
and thereafter incubated at room temperature in dark
(because hydrogen peroxide can be photo bleached) for 5
minutes. After incubation, 3mL of 1mM 1,10-phenan-
throline was added to each tube, mixed well, and incubated
for 10 minutes at room temperature. Finally, absorbance was
taken at 510 nm using a UV-Vis spectrophotometer. The
negative control contained only ferrous ammonium sul-
phate (0.5mL and 1 mM), distilled water (3 mL), and 1,10-
phenanthroline (3 mL and 1 mM). The experiment was in-
dependently repeated to obtain three independent sets of
data for the analysis. The percentage scavenging activity was
calculated using the following formula:

% ing = st 100
6 scavenging = x 100, (3)
control

where A, is absorbance of the test samples and A, 1S
the absorbance of the negative control. The results were
further reported in ICs,,.

2.7.3. Total Antioxidant Capacity (TAC) Assay. A modifi-
cation of the methodology described by Prieto et al. was used
to study the total antioxidant capacity of the ethanol and
hexane extracts of O. basilicum [27]. The method is based on
the reduction of phosphomolybdic acid, Mo (VI) to phos-
phomolybdenum, Mo (V) blue complex by the extracts, and
standard reference. Ascorbic acid was used as the reference
standard, and distilled water was used as the blank. A stock
solution of 100 ug/mL of ascorbic acid was prepared from
which concentrations of 50, 25, 12.5, and 6.125 yg/mL were
prepared through serial dilution using sterile distilled water
as solvent. A test solution of concentration of 500 ug/mL of
each extract in sterile distilled water was also prepared.

Reaction mixtures of total volume of 10 mL were pre-
pared from 5mL of test solution mixed with 5mL phos-
phomolybdenum (0.6 M sulfuric acid, 28 mM sodium
phosphate, and 4 mM ammonium molybdate) in series of
test tubes. The mixtures were then incubated in a water bath
at 95°C for 90 minutes.

The absorbances of each of the solutions were then
measured in triplicate, using the UV-visible spectropho-
tometer at 695nm after cooling. The experiment was in-
dependently repeated to obtain three independent sets of
data for the analysis. A plot of the measured absorbance of
the ascorbic acid solutions against their concentrations was
made to obtain the calibrated concentration-absorbance
curve of the ascorbic acid using Microsoft excel. The
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absorbances of the extract solutions were then substituted
for the dependent variable in the linear equation of the
ascorbic acid concentration-absorbance plot to determine
their corresponding independent variables as ascorbic acid
equivalents (AAE), expressed as gAAE/100 g ascorbic acid.

2.8. Thin Layer Chromatography (TLC). The number of
phytoconstituents present in the extracts was determined by
the analytical TLC method. The precoated silica gel plates
(0.25 mm) with a fluorescent indicator (F254) were spotted
with the ethanol and hexane extracts about 1 cm from the
bottom edge of plates, with the aid of capillary tubes and
allowed to dry [28]. Various solvent systems of petroleum
ether/ethyl acetate and hexane/ethyl acetate in the ratio of 9:
1 and 8: 2, respectively, were used. The ratio of 9:1 (hexane/
ethyl acetate) gave the best separation of components for all
the extracts. The plates were dried and visualized by a
254nm UV lamp. The separated spots were then marked,
and their sample and solvent fronts were measured.

The retardation factor (R¢) of the eluted spots was cal-
culated as follows:

distance travelled by spot

(4)

R; = .
™ distance travelled by solvent front

This solvent system was then adapted and used in col-
umn separation.

2.9. Column Chromatographic Separation. Flash chroma-
tography was performed using 40-63 ym silica gel (200 x 400
mesh) to separate the number of components present in the
extracts [29]. Dry powdered hexane extract was chroma-
tographed on a column packed with silica gel and eluted with
a gradient of solvent hexane to provide a fraction A. The
fraction was monitored by means of TLC (eluent hexane/
EtOAc, 9:1). The fraction was evaporated to dryness using
the rotary evaporator, then dried, and stored at 4°C in a
refrigerator until the use.

2.10. Fourier Transform Infrared Spectrometer (FTIR)
Analysis. The dried fraction (A) was subjected to FTIR
analysis (UATR Two, PerkinElmer) to determine the
functional groups present. The regions between 4000 cm™!
and 400 cm ™" were scanned, followed by baseline correction.

2.11. Data Analysis. Microsoft Excel 2016 and GraphPad
Prism 6.0 for Windows (GraphPad Software, San Diego, CA,
USA) were used for all data analyses and graphs.

3. Results and Discussion

3.1. Extraction of Plant Material. The yields of the extract in
relation to the powdered plant material were calculated as
percentages. The yields were 9.43 and 18.60% for ethanol and
hexane extracts, respectively.
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3.2. Phytochemical Screening. The pharmacological activity
of a plant depends on the phytochemical composition of the
plant [22]. Phytochemical screening of O. basilicum revealed
the presence of all nine secondary metabolites tested for in
both the pulverized sample and the ethanol extract. The
hexane extract showed the presence of eight secondary
metabolites with the exception of alkaloids (Table 1).

The ethanol and hexane extracts had eight phytochemicals
in common, that is, diterpenes, flavonoids, glycosides, phe-
nols, saponins, steroids, tannins, and terpenoids. The presence
of some phytoconstituents in the fruits of O. basilicum justifies
the local use of this fruit for the treatment of various ailments
[30]. The seeds are rich in flavonoids, phenols, and tannins,
which are polyphenolic compounds that are biologically
active against liver toxins, microorganisms, inflammation,
tumor, and free radicals [31]. Secondary metabolites of plants
which include terpenoids, flavonoids, phenolic acids, alka-
loids, and steroids have been shown to exhibit various
pharmacological activities such as wound healing, anti-in-
flammation, anticancer, antioxidant, immunomodulation,
antidiarrhoeal, antimicrobial, antidepressant, hepatoprotective,
antiplasmodial, and anxiolytic [32]. The presence of these
phytochemicals in the ethanol and hexane extracts of O.
basilicum indicate that they will play a key role in the pre-
vention of various helminthic infections, inflammatory, and
diseases associated with oxidative stress.

3.3. Anthelmintic Activity. Anthelmintic potential of the
extracts was examined using earthworms, owing to their
anatomical and physiological resemblance with that of in-
testinal roundworm parasites of human beings as well as
their ease of availability [33]. Ethanol and hexane extracts
and mebendazole (standard drug) displayed concentration-
dependent anthelmintic activity at test concentrations of
5000 to 250 yug/mL (Table 2). The anthelmintic activities of
ethanol and hexane extracts at test concentrations were
observed to be significantly (P <0.001) higher compared to
mebendazole-treated worms.

The mode of action of some anthelmintics like pi-
perazine citrate is to cause paralysis of worms such that
they can be expelled in the faeces of man and animals [23].
The extracts did not only exhibit such potency but also
caused death of the worms at a rate much higher than the
standard drug mebendazole. The presence of the phyto-
chemicals such as tannins, alkaloids, and terpenoids in the
ethanol extract may be responsible for the high anthel-
mintic potency of the ethanol extract [34]. Although the
hexane extract contains terpenoids and tannins, the ab-
sence of alkaloids which are known to be potent anthel-
mintics might be the cause of its lower anthelmintic
potency compared to the ethanol extract.

In addition, tannins or their metabolites have direct
effects on viability of the preparasitic stages of helminths
[35]. Hence, the observed activity of the extracts could be
attributed to the presence of tannins identified in this work,
which could be exploited as therapy for the treatment of
helminth infection due to their proposed ability to disrupt
viability of the preparasitic stages of helminths [35].

TaBLE 1: Phytochemical constituents of the pulverized sample and
extracts of O. basilicum.

. Pulverized Ethanol Hexane

Phytochemical
sample extract extract

Alkaloids + + -
Diterpenes + + +
Flavonoids + + +
Glycosides + + +
Phenols + + +
Saponins + + +
Steroids + + +
Tannins + + +
Terpenoids + + +
Key. +=presence of secondary metabolite; —=absence of secondary
metabolite.

3.4. In Vitro Anti-Inflammatory Assay (Egg Albumen Dena-
turation Method). Denaturation of proteins is a well-docu-
mented cause of inflammation and rheumatoid arthritis.
Several anti-inflammatory drugs have shown concentration-
dose-dependent ability to inhibit thermally induced protein
denaturation [36]. The ability of plant extract to inhibit
thermal denaturation of protein (egg albumin) is a reflection
of its anti-inflammatory activity [36]. Ethanol and hexane
extracts and aspirin (standard drug) displayed concentration-
dependent anti-inflammatory activity at test concentrations
of 5000 to 1000 yug/mL (Figure 1).

The ethanol and hexane extracts exhibited anti-inflam-
matory activity. However, at test concentrations for ethanol
and hexane extracts, the anti-inflammatory activity was
observed to be significantly higher (P < 0.01) than for aspirin
(reference drug). The inflammatory activity of the extracts
can be attributed to the presence of phenols, flavonoids,
glycosides, terpenoids, and steroids present in O. basilicum,
which have been reported to exhibit anti-inflammatory
activity [20, 21]. Flavonoids are known to inhibit enzymes as
well as mediators of the inflammation process such as
C-reactive protein or adhesion molecules [20].

3.5. Antioxidant Activity. The total antioxidant potential of a
plant extract depends largely on both the constituent of the
extract and the test system. Different factors can also in-
fluence the activity of the extract, and therefore, antioxidant
capacity cannot be fully determined using only one method
[37]. Considering the various mechanisms of antioxidant
actions, the antioxidant properties of the extracts were
evaluated by (DPPH) free radicals scavenging, hydrogen
peroxide scavenging, and the total antioxidant capacity
assays.

3.5.1. DPPH Radical Scavenging Capacity. The DPPH
scavenging activity of the extracts was used to monitor the
ability of the ethanol and hexane extracts of O. basilicum seeds
to mop up free radicals that may be found in animals and
humans. Ethanol and hexane extracts of O. basilicum and
ascorbic acid (reference standard) of concentrations ranging
between 6.25 yg/mL and 100 yg/mL, scavenged DPPH radical
at an absorbance ranging between 0.715+0.03 and
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TaBLE 2: Anthelmintic activity of ethanol and hexane extracts of O. basilicum.

Concentration (ug/mL)

Mean paralysis and death time (min + SEM)

Paralysis time

Death time

Ethanol extract  Hexane extract Mebendazole Ethanol extract  Hexane extract Mebendazole
5000 11.85+0.71% 27.90+0.42* 94.04 +2.57* 24.74+0.42% 85.18+0.07* 522.77 £ 1.53*
3000 27.26+0.21* 90.82 +1.32* 115.99 +0.49* 53.61 £ 0.09* 101.34+1.11*% 565.42 +0.84*
1000 50.97 +1.73* 93.37 +£2.90* 209.92 +2.51* 79.8+0.32* 110.77 +£3.64* 600.92 +0.22*
500 72.84 +1.33* 173.32 +2.88* 218.72+0.71% 163.72 £ 0.58* 301.72+0.61% 645.29 +1.08*
250 116.38 £2.19* 215.34 + 4.09* 238.97 +7.46* 213.39+1.05* 362.98 +1.54* 654.66 + 1.45*

Each time represents mean + SEM (N =3). The data were analyzed using one-way ANOVA compared to the mebendazole treatment. * P value < 0.001.

40

30 + _

20

% inhibition

5000

1000 2000 3000 4000

Concentration (ug/mL)

I % ethanol inhibition

EEE % hexane inhibition

I % aspirin inhibition
FIGURE 1: Percentage in vitro anti-inflammatory action of ethanol
and hexane extracts of O. basilicum.

0.7772+0.01, 0.723 £0.01 and 0.753 + 0.02, and 0.703 + 0.05
and 0.848 £ 0.03 nm, respectively. Figure 2 shows the per-
centage inhibition of ethanol and hexane extracts and ref-
erence standard over a range of concentrations.

The hexane extract of O. basilicum showed the most
potent concentration-dependent antioxidant activity with an
ICsp of 14.17 + 1.15 ug/mL, compared to the ethanol extract
(ICs0 > 100.0 ug/mL) for the DPPH assay (Table 3).

The results implied that the potency of the test samples of
extracts as antioxidants decreased in the following order:
hexane extract >ethanol extract (Figure 2). The DPPH
scavenging results show that O. basilicum fruit extracts may
be useful in the manufacture of drugs to help prevent or cure
health problems that could arise from the systemic actions of
oxidative agents.

3.5.2. Hydrogen Peroxide Radical Scavenging Assay.
Hydrogen peroxide radical scavenging potential of the
ethanol and hexane extracts of O. basilicum was evaluated by
the use of hydrogen peroxide (H,0,) scavenging method.
The results are shown in Figure 3.

The ICsy of a sample is the concentration required to
scavenge 50% of the peroxide in a system. It is used to evaluate
the antioxidant capacity of a sample. The lower the ICs, the
better the antioxidant potential of the sample under exami-
nation [38]. The results showed that both ethanol and hexane
extracts of O. basilicum demonstrated a significant antioxi-
dant activity in concentration-dose dependent manner. The

100.0
90.0 : L
80.0 J_}[/——Z———Z—/i
70.0
60.0
50.0
40.0
30.0
20.0

10.0 /! k-

0.0
0

% DPPH free radical inhibition
[ 2]
[
-

20 40 60 80 100 120
Concentration (ug/mL)

——— Hexane
m— Ethanol
—4— Ascorbic acid

Figure 2: Comparative DPPH radical scavenging activity of the
extracts of O. basilicum and ascorbic acid.

TaBLE 3: ICs5o of DPPH radical scavenging activity for the ethanol
and hexane extracts of O. basilicum and ascorbic acid.

Sample ICso (ug/mL)
Standard (ascorbic acid) <6.25
Ethanol extract >100.0
Hexane extract 1417 +1.15
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FiGure 3: Hydrogen peroxide radical scavenging capacity of the
extracts of O. basilicum and gallic acid.
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ICs values of gallic acid (reference standard) and ethanol and
hexane extracts were 204.4+0.65, 623.5+0.27, and
>1000.0 ug/mL, respectively, as shown in Table 4.

Hydrogen peroxide (H,O,) is a ubiquitous, toxic met-
abolic by-product of aerobic respiration, oxidative stress,
and oxidative injury. When left unquenched, H,O, can react
with ferric ions via the Fenton reaction to produce the
hydroxyl radical, one of the most reactive and damaging free
radical species known [39]. From the results, the bioactive
isolates from these extracts responsible for antioxidant ac-
tivity could be attributed to the flavonoids, phenols, and
tannins present in O. basilicum and could be exploited for
the treatment of diseases associated with oxidative stress
[20].

3.5.3. Total Antioxidant Capacity (TAC). Ascorbic acid also
known as vitamin C is an electron donor antioxidant, and
this property is responsible for all its known functions.
Vitamin C is a potent reducing agent and scavenger of free
radicals in biological systems. It can donate electron to mop
up or react with free reactive radicals and thus quench their
reactivity [40].

Concentrations of ascorbic acid ranging between 6.125
and 100 y/mL showed antioxidant activity and mean ab-
sorbances between 0.109 +0.03 and 0.932 +0.02 at a wave-
length of 695 nm (Figure 4).

The TAC was found to be proportional to the concen-
tration of extract. TAC of the extracts was examined by the
phosphomolybdenum method, and the results were
expressed as gram ascorbic acid equivalent per 100 grams
(gAAE/100 g). The gAAE/100 g represents the fraction of the
plant extract that can act as ascorbic acid in 100g of the
extract. The ethanol and hexane extracts had 37.48 +0.09
and 18.81 £0.12 gAAE/100 g, respectively (Table 5).

Generally, the TAC increased with increasing concen-
tration; thus, the higher the TAC, the better the activity of
the sample. Both extracts demonstrated appreciable anti-
oxidant activities.

3.6. Thin Layer Chromatography (TLC). The number of
components present in the extracts was determined by the
analytical TLC method. The chromatographic spots which
were representative of compounds in the various extracts
were observed, and their R¢ values were determined. Table 6
gives the results of the TLC analysis.

The ethanol and hexane extracts of O. basilicum showed
three and four distinct spots with R values between 0.53 and
0.89 and 0.49 and 0.95, respectively. The number of spots
indicating the separated components in both the ethanol and
hexane extracts of O. basilicum was less when compared to
the phytochemicals identified to be present in each fruit
extract at the given mobile phase. This means that some of
the components coeluted in mixtures or did not elute on the
TLC plate because of the use of less polar solvent system as
the mobile phase. It may be necessary to employ two-di-
mensional TLC, column chromatography, or high-pressure
liquid chromatography (HPLC) to achieve complete sepa-
ration of the components.

TaBLE 4: ICs of hydrogen peroxide radical scavenging activity of
extracts of O. basilicum.

Sample ICso (ug/mL)
Gallic acid (reference standard) 204.4 +0.65
Ethanol extract 623.5+0.27
Hexane extract >1000.0

Standard ascorbic acid calibration curve
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FIGURE 4: Mean absorbance of PMo Moy 'O} (formed in ascorbic
acid solution) against concentration of ascorbic acid solution.

TaBLE 5: Total antioxidant capacity of ethanol and hexane extracts
expressed as gAAE.

Sample TAC (gAAE/100g)
Ethanol extract 37.48 +0.09
Hexane extract 18.81 +£0.12

TAC: total antioxidant capacity; AAE: ascorbic acid equivalent.

TaBLE 6: Constituents of O. basilicum extracts as determined using
TLC.

Retardation factor, R¢

Components
Ethanol extract® Hexane extract
A 0.53 0.49
B 0.69 0.64
C 0.89 0.71
D ND 0.95

ND: not detected. *Ethanol extract showed only 3 spots.

3.7. Column Chromatographic Separation. The least polar
component of the hexane extract of O. basilicum was sep-
arated using hexane as a mobile phase (Table 7).

The separated fraction A, having a R¢ value of 0.95 using
hexane/ethyl acetate (9:1) as the mobile phase, was further
analyzed using FTIR analysis.

3.8. FTIR Analysis. FTIR analysis was performed on the
purified component obtained from hexane extract using
column chromatographic separation. The results are pre-
sented in Figure 5 and Table 8.

The wave numbers around 2958 to 285lcm’,
1462cm™', and 1378cm™ positions of the spectrum are
characteristic of aliphatic (C-H) and C-H, C-C, and C-O



TaBLE 7: Chromatographic separation of fraction A collected using
hexane as the mobile phase.

Components Retardation factor, R
A 0.95
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FiGURre 5: FTIR spectrum of fraction A from the hexane extract of
O. basilicum.

TaBLE 8: FTIR interpretation of purified fraction A from hexane
extract of O. basilicum.

Fraction A
Peak value .
(em ™) Functional group Inference
2958 to 2851 C-H stretch The functional groups show
1462, 1378 C-H, C-0,and C-C highly saturated compound
’ bend/stretch gty p

stretching, and bending functional groups [41]. These
functional groups show that fraction A is a highly saturated
compound. This level of saturation of fraction A could be
attributed to the identified secondary metabolites such as
steroids, diterpenes, and/or terpenoids from the phyto-
chemical screening test. Further structural identification and
elucidation is ongoing in our research laboratory.

4. Conclusions

The ethanol and hexane extracts of O. basilicum showed the
presence of varying secondary metabolites including alka-
loids, diterpenes, flavonoids, glycosides, phenols, steroids,
tannins, and terpenoids. The ethanol and hexane extracts of
O. basilicum contain promising bioactive phytocomponents
that possess anthelminthic, antioxidant, and anti-inflam-
matory activity. Further studies are ongoing in our labo-
ratory towards isolation, characterization, identification, and
determination of biological activities of the isolates from the
fruits of O. basilicum.

Data Availability

The data used to support the findings of this study are in-
cluded within the article.
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