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Vernonia camporum is used ethnomedicinally to treat diseases such as malaria, fever, hypertension, mouth sores, pains, in-
flammation, and skin rashes in Africa. &is study aims at investigating the biological activities (anthelminthic, anti-inflammatory,
antioxidant, and antimicrobial) and separating some of the biologically active components in the methanol crude extract of the
stem-bark of Vernonia camporum. Phytochemical screening, anthelminthic (Lumbricus terrestris (earthworm)), anti-inflam-
matory (egg albumin denaturation), antioxidant (DPPH and H2O2 scavenging and total antioxidant capacity (TAC)), and
antimicrobial (agar and broth dilution method) assays were performed on the extracts. Column chromatography and FTIR
spectroscopic analysis were employed to separate and analyze the least polar constituents of the methanol extract.&e preliminary
phytochemical analyses revealed the presence of secondary metabolites such as alkaloids, phenols, tannins, saponins, terpenoids,
flavonoids, steroids, phytosterols, proteins and amino acids, phlobatannins, glycosides, cardiac glycosides, coumarins, and
anthocyanins. &e extracts (methanol and hexane) showed a higher concentration-dependent anthelminthic activity.&e extracts
exhibited high concentration-dependent anti-inflammatory activities with IC50 values of 35.83± 3.984 and 53.91± 5.8413 µg/mL,
respectively. &e IC50 values for methanol and hexane extracts in the DPPH assay were 17.70± 3.430 and 29.54± 1.5437 µg/mL,
and those of the H2O2 assay were 243.20± 0.1528 and 352.20± 12.64 µg/mL, respectively. TAC results for methanol and hexane
extracts were recorded as 31.592± 1.682 and 30.232± 0.445 gAAE/100 g, respectively. &e extracts were observed to exhibit
antimicrobial activity against test organisms with MICs ranging from 0.1953 to 25.00mg/mL. Chromatographic separations gave
four fractions. FTIR analysis indicated the presence of various functional groups in purified fractions of the methanol extract that
confirms the presence of the phytochemicals identified in the screening test.&e results indicate that both extracts ofV. camporum
possess anthelminthic, anti-inflammatory, antioxidant, and antimicrobial activities supporting the traditional usage of this plant.

1. Introduction

Natural products have enormous applications in the fields
of bioorganic, organic synthesis, medicinal, and natural
product chemistry, among others [1–3]. &e major source
of leads for the development of drugs is natural product
[3–6]. Statistics on the sources of new drugs from 1981 to
2007 indicate that almost half of the drugs approved since
1994 are based on active metabolites from natural sources

[7–10]. Medicinal plants and human beings have special
relationship for centuries [11–13]. Medicinal plants and
natural products having pharmacological models have been
well thought out as alternative therapy for the treatment of
various diseases [14–16]. A significant number of presently
used antimalarial, antioxidant, anthelminthic, anti-in-
flammatory, and antitumor agents are molecules identified
and isolated from plants or their synthetic or semisynthetic
derivatives [17–19].
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Vernonia (Asteraceae) is the main genus of the family
Vernonieae with almost 1000 species, whilst the family has
almost 1500 species and 70 genera, and they are found
mostly in the tropical regions [20, 21].&e genus Vernonia is
recognized for having many species serving as food, and
others with medicinal and industrial uses. For example,
Vernonia amygdalina and Vernonia colorata are consumed
as leafy vegetables. Vernonia amygdalina is, possibly, the
most used medicinal plant in the genus Vernonia [22–24].
&e common and acknowledged medicinal applications
include the treatment of schistosomiasis, amoebic dysentery,
and gastrointestinal problems. It has been applied in the
treatment of malaria, venereal diseases, wounds, hepatitis,
and diabetes [25–29]. Species of the genus Vernonia are rich
sources of sesquiterpene lactones. &is group of compounds
has been shown to be insect antifeedant, antifungal, cyto-
toxic, and antitumoral [30–32]. Numerous sesquiterpene
lactones have been identified to be present in Vernonia
amygdalina; these include vernolide, vernolepin, vernodalin,
and hydroxyvernolide [28, 33–35]. &e existence of steroidal
saponins and flavonoids has also been documented in this
plant [23, 24, 36–40]. Vernonia camporum is a medicinal
plant widely used in numerous ethnomedicines in West
Africa. In Ghana, it is commonly found in Kwahu-Tafo in
the Eastern region and is locally known as Awonyono-ninin.
Citizens of this locality boil both the leaves and stem-bark as
medication to treat diseases such as malaria, fever, hyper-
tension, mouth sores, pains, inflammation, and skin rashes.

Most research conducted so far has dwelt on the
pharmacological potential of the genus Vernonia, in-
cluding anti-infective, anti-inflammatory, antioxidant,
and anticancer [30–32]. At the time of carrying out this
research, there were a dearth of scientific reports on the
activity of the stem-bark of Vernonia camporum on the
above study conditions, except anecdotal reports from
local herbalists.

&e objective of this experimental research was to de-
termine scientifically the effectiveness of the stem-bark of
Vernonia camporum methanol and hexane extracts to act as
antioxidant, antimicrobial, anthelminthic, and anti-in-
flammatory agents using in vitro assays, and, additionally, to
separate and identify the presence of the phytochemicals
eliciting the biological activities using chromatographic
purification and spectroscopic analysis.

2. Materials and Methods

2.1. Sample Collection, Identification, and Authentication.
&e stem-barks of Vernonia camporum were collected from
a farm land in Kwahu-Tafo, in the Kwahu East District of
Eastern Region of Ghana (latitude: 6°39′26.5″N and lon-
gitude: 0°39′44.9″W) with the help of a local herbalist on
September 13, 2019. &e plants were taxonomically iden-
tified and authenticated by Mr. Clifford Osafo Asare at the
Department of Herbal Medicine, Faculty of Pharmacy and
Pharmaceutical Sciences, Kwame Nkrumah University of
Science and Technology (KNUST), where a voucher spec-
imen with reference number (KNUST/8M1/2020/S001) was
deposited in the herbarium for reference purposes.

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

2.3. Preparation of Plant Material. &e stem-barks of
V. camporum were chopped into small pieces, 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 and air-dried under shade for two
weeks. &e dried material was coarsely milled using a
pulverizer machine and stored in a desiccator until analysis
[41].

2.3.1. Extraction of Methanol and Hexane Plant Materials.
A mass of 250 g of the powdered stem-bark sample of
V. camporum was soaked separately in 1 dm3 of methanol
and hexane and extracted using maceration over 72 hours,
following a method previously described by Osei Akoto et al.
[41]. &e methanol and hexane extracts were condensed and
evaporated to dryness using the rotary evaporator at 50°C
(BUCHI Rota vapor R-114). &e extracts were dried in an
oven at 40°C, and the percentage yield of extracts with re-
spect to powdered plant material was determined. &e ex-
tracts were then stored at 4°C in a refrigerator.

2.4. Phytochemical Screening of Extracts and Pulverized
Sample. &e pulverized sample and the crude extracts
(methanol and hexane) obtained from the stem-bark of
V. camporum were screened to assess the presence of
phytoconstituents using the methods described by Trease
and Evans [42].

2.5. In Vitro Anti-Inflammatory Assay Using Egg Albumin
Denaturation. Anti-inflammatory assay was carried out on
the extracts of V. camporum according to the methods
described by Sree Kumari et al. [43] and slightly modified by
Osei Akoto, et al. [41]. &e egg denaturation assay was
employed in this study, as anti-inflammatory agents have
been reported to inhibit thermal denaturation of proteins
[43]. &e reaction mixtures of total volume 5mL were
prepared by dissolving 0.2mL of egg albumin (fresh egg of a
hen), 2.8mL of phosphate-buffered saline (PBS, pH of 6.4),
and 2mL of the various concentrations of extract (100, 50,
25, and 12.5 μg/mL). Diclofenac sodium (100, 50, 25 and
12.5 μg/mL) was used as the standard drug. A volume of
2mL of doubled distilled water solution served as negative
control. &e mixtures were incubated at 37°C in a Bio-
Oxygen Demand (BOD) incubator for 15 minutes. &e
mixtures were then heated in a water bath at 70°C for 5
minutes to induce denaturation. &e absorbance of the
solutions was measured in triplicate at 660 nm using UV-Vis
spectrophotometer. &e procedure was independently re-
peated to obtain three independent sets of data for the
analysis in triplicate. &e percentage inhibition of protein
denaturation was calculated as follows:
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% inhibition �
Ao − A

Ao

× 100, (1)

where Ao � absorbance of the negative control and
A� absorbance of the test solution.

2.6. Collection of Lumbricus terrestris for Anthelminthic
Activity. Lumbricus terrestris (Earthworms) were collected
from a water-logged area behind the Department of &e-
oretical and Applied Biology within KNUST, Kumasi–
Ghana (latitude 6°35 N–6°40 N and longitude 1°30 W–1°35
W). &e worm type was authenticated at the Zoology Unit,
Department of &eoretical and Applied Biology, KNUST by
Mr. Lawrence Yeboah.

2.6.1. In Vitro Anthelminthic Assay. In vitro anthelmintic
activity of both methanol and hexane extracts against
Lumbricus terrestris (earthworms) was examined. &e an-
thelmintic assay was carried out using the methods previ-
ously described by Ajaiyeoba et al. [44] and slightly modified
by Osei Akoto et al. [41]. Stock solutions of 8.0mg/mL of
extracts and albendazole (reference drug) were prepared
using sterile distilled water as a solvent. From the stock
solution, four concentrations of 4.0, 2.0, 1.0, and 0.5mg/mL
were prepared. Double distilled 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. &ree worms of approximately the same size
and length were released into separate Petri dishes con-
taining 50mL each of the various test solutions. Time of
paralysis and time of death of the worms were determined
and 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 the worms neither moved
when shaken vigorously nor moved when dipped in warm
water (50°C) followed by fading away of their body colors.
&e 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).

2.7. In Vitro Antioxidant Assays. &ree main assays were
used in the determination of the antioxidant activity of the
plant extract. &ey were 1,1-diphenyl-2-picryl-hydrazyl
(DPPH) free radicals scavenging, hydrogen peroxide scav-
enging, and the Total Antioxidant Capacity assays.

2.7.1. DPPH Radical Scavenging Assay. &e free radical
scavenging activity of the extracts of V. camporum was
examined according to the methods previously described by
Sanchez-Moreno et al. [45] and slightly modified by Osei
Akoto et al. [1]. Ascorbic acid was used as reference stan-
dard. &e absorbances were measured at 517 nm. &e ex-
periment was independently repeated to obtain three
independent sets of data for the analysis. DPPH radical
scavenging (%) was calculated using the formula

% scavenging �
Ao − A

Ao

× 100, (2)

where Ao � absorbance of control and A� absorbance of test
solution.

2.7.2. Hydrogen Peroxide Scavenging Assay. Hydrogen
peroxide scavenging activity of the extracts of V. camporum
was examined according to the methods reported by
Mukhopadhyay et al. [46] and slightly modified by Osei
Akoto et al. [17]. &e assay is based on precise complex
formation of ferrous ion with 1,10-phenanthroline to form
red-orange tri-phenanthroline complex. Gallic acid was used
as reference standard. Absorbance was taken at 510 nm using
a UV-vis spectrophotometer.&e negative control contained
only ferrous ammonium sulphate (0.5mL, 1mM), distilled
water (3mL), and 1,10-phenanthroline (3mL, 1mM). &e
experiment was independently repeated to obtain three
independent sets of data for the analysis. &e percentage
scavenging activity of the extracts was calculated using the
following formula:

% scavenging �
Atest

Acontrol
× 100, (3)

where Atest is the absorbance of the test samples, and
Acontrol is the absorbance of the negative control. &e
results were further reported in IC50.

2.7.3. Total Antioxidant Capacity (TAC) Assay. A modifi-
cation of the method described by Prieto et al. [47], as
previously described by Osei Akoto et al. [17], was used to
study the total antioxidant capacity of the extracts of
V. camporum. &e method is based on the reduction of
phosphomolybdic acid [Mo (VI)] to phosphomolybdenum
[Mo (V), a blue complex] by the extracts and reference
standard. Ascorbic acid was used as the reference standard,
and distilled water was used as the blank. &e absorbance of
the solutions was measured in triplicate, using the UV-
visible spectrophotometer at 695 nm. &e experiment was
independently repeated to obtain three independent sets of
data for the analysis. From the linear equation of the ascorbic
acid concentration-absorbance plot (standard curve), the
corresponding independent variables as ascorbic acid
equivalents (AAE) were determined, and the results were
expressed as gAAE/100 g ascorbic acid.

2.8. In Vitro Antimicrobial Assay. Agar well diffusion and
Broth microdilution assays were employed to assess the
antimicrobial property of the extracts of V. camporum. &e
Agar well diffusion method was employed to evaluate the
susceptibility of the microbes to the extracts. &e Broth
microdilution method was used to determine the minimum
concentration required to inhibit each of the microbes
employed for the experiment.

2.8.1. Sources of Microorganisms. Four types of bacteria
strains and one clinical strain fungus were used as test
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organisms. &ese were two Gram positive bacteria, which
included Staphylococcus aureus (ATCC 25923) and En-
terococcus faecalis (ATCC 29212), and two Gram negative
bacteria, which included Escherichia coli (ATCC 25922) and
Pseudomonas aeruginosa (ATCC 4853). &e fungus was
Candida albicans, a clinical strain.

&ese microbial strains were obtained from the stocks
kept by the Microbiology Laboratory of the Department of
Pharmaceutics, Faculty of Pharmacy and Pharmaceutical
Science, KNUST, Kumasi. &e microbial strains were sub-
cultured on nutrient agar slants and incubated at 37°C for 24
hours.

2.8.2. Inoculum Preparation. &e test organisms were pre-
pared by growing them on separate nutrient agar (Oxoid,
United Kingdom) plates for 18–24 hours at 37°C in an
incubator. Using the direct colony suspension method,
suspensions of colonies were transferred from the plates
with sterile inoculating loop into 10mL of sterile saline in
test tubes. &eir turbidities were adjusted and compared to
the 0.5 McFarland standard and read with the eye [48, 49].

2.8.3. Agar Well Diffusion Method. &e antimicrobial ac-
tivities of the extracts of V. camporum were determined
using the agar well diffusion method previously described by
Konning et al. [50] and slightly modified by Osei Akoto et al.
[49]. &e nutrient agar (Oxoid, United Kingdom) plates
were formed by inoculating 100 µL of the test organisms
with micropipette and sterile pipette tips using the pour
plate method. By means of sterile cork borer, 4 wells (10mm
in diameter) were made in the agar and filled with 200 µL of
the extracts (6.25, 12.5, and 25.0mg/mL) and reference
drugs (0.05mg/mL) concentrations. &ree replicates of the
experiment for the extracts and reference drugs were done,
and the plates incubated at 37°C for 24 hours. &e diameter
of zone of growth-inhibition produced was measured, and
the mean values were calculated. Ciprofloxacin and clo-
trimazole were used as the standard reference antimicrobial
drugs.

2.8.4. Broth Microdilution. In the determination of mini-
mum inhibitory concentration (MIC), the micro-well di-
lution method previously described by Konning et al. [50]
and slightly modified by Osei Akoto et al. [49] was used.
Eight different concentrations of the extracts were prepared
serially in sterile distilled water in the range of (0.1953mg/
mL to 25.0mg/mL), whereas ciprofloxacin and clo-
trimazole concentrations were prepared with the same
method ranging from (0.00004883mg/mL to 0.00625mg/
mL). &e assays were made in 96-well microplates to a total
volume of 250 µL. &e plates were filled with 125 µL double
strength nutrient broth, followed by extract, ciprofloxacin,
and clotrimazole solutions of 100 µL, and then, 25 µL
suspensions of the test organisms was finally added. &e
experiment was independently repeated in three replicates
and incubated at 37°C for 24 hours, and the microbial
growth was determined after addition of 20 µL of 0.2mg/

mL MTT (Sigma-Aldrich, St. Louis, MO. USA). &e de-
velopment of purple coloration after 30-minute addition of
the MTT indicates microbial growth, when no color is the
resultant of inhibition.

2.9. Ain Layer Chromatography (TLC). &e number of
phytoconstituents present in the extracts was determined by
the analytical TLC method. &e precoated silica gel plates
(0.25mm) with a fluorescent indicator (F254) were spotted
with the methanol and hexane extracts of V. camporum
about 1 cm from the bottom edge of plates, with the aid of
capillary tubes, and allowed to dry as previously described
[1].&e ratios of 1 : 9 and 1 : 4 (ethyl acetate/hexane) gave the
best separation of the least polar components for all the
extracts. &e plates were dried and visualized with a
254/365 nm UV lamp.&e separated spots were then pencil-
marked, and their sample and solvent fronts were measured.
&e retardation factor (Rf ) of the eluted spots was calculated
as follows:

Rf �
distance travelled by the spot

distance travelled by the solvent front
. (4)

&is solvent system was then adapted and used in col-
umn chromatographic separation.

2.10. Column Chromatographic Separation. Flash chroma-
tography was performed using 40–63 μm silica gel (200× 400
mesh) to separate the number of components present in the
extracts as previously described [1]. A mass of 1 g of dry
powdered methanolic extract was chromatographed on a
column packed with silica gel and eluted with a gradient of
solvents, ethyl acetate/hexane (5 : 45; 10 : 40, 50mL each) to
provide 4 fractions, namely, A to D. &e fractions were
monitored bymeans of TLC (eluent, ethyl acetate/hexane 1 : 9
and 1 : 4). &e fractions were evaporated to dryness using the
rotary evaporator, then dried, and stored at 4°C in a refrig-
erator until their use.

2.11. Fourier-Transform Infrared Spectroscopy (FTIR)
Analysis. &e separated fractions (A–D) were subjected to
(FTIR) analysis (UATR Two, PerkinElmer) to determine the
functional groups present. &e regions between 4000 cm−1

and 400 cm−1 were scanned, then followed by baseline
correction.

2.12. Data Analysis. Microsoft Excel 2019 and GraphPad
Prism 5.0 forWindows (GraphPad Software, San Diego, CA,
USA) were used for all data analyses and graphs.

3. Results and Discussion

3.1. Extraction of Plant Material. &e yields of the extract of
V. camporum in relation to the powdered plant material
were calculated as percentages. &e yields were 6.32 and
0.20% for methanol and hexane extracts, respectively.
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3.2. Phytochemical Screening. &e therapeutic activities of
plants are due to the presence of complex chemical con-
stituents in different parts [49]. Phytochemical screening of
V. camporum revealed the presence of all fourteen secondary
metabolites tested for both the pulverized sample and the
methanol extract, except proteins and amino acids that were
absent in the methanol extract. However, alkaloids, phenols,
flavonoids, phlobatannins, and coumarins were absent in the
hexane extract (Table 1).

&e methanol and hexane extracts had nine phyto-
chemicals in common, that is, tannins, saponins, terpe-
noids, steroids, phytosterols, glycosides, cardiac
glycosides, and anthocyanins. Phytochemicals such as
alkaloids, flavonoids, tannins, saponins, steroids, terpe-
noids, and glycosides had been identified in many species
of Vernonia [51–59]. &ese phytochemicals present in the
Vernonia species are known to exhibit a wide array of
pharmacological activities such as antitumoral, antimi-
crobial, antioxidant, antidiabetic, anti-inflammatory,
anthelminthic, analgesics, antimalarial, and many others
[34, 52, 58, 60–62]. Alkaloids and sesquiterpene lactones
isolated from Vernonia amygdalina are in clinical studies
due to its pharmacological importance [33, 63]. Sesqui-
terpene lactones such as vernodalin, vernolepin, and
vernomygdin had been isolated from Vernonia amyg-
dalina and shown to exhibit hepatoprotective activity,
antioxidant activity, and other biological activities
[33, 64]. &e presence of these various phytochemicals in
the sample of the stem-bark of V. camporum could be
responsible for its traditional therapeutic benefits.

3.3. In Vitro Anti-Inflammatory Assay (Egg Albumen Dena-
turationMethod). Erythrocyte membranes are known and
reported to have some structural and biological similar-
ities with lysosomal membranes and, hence, considered
analogues to each other [43]. &erefore, the ability of
medicinal plant extracts to stabilize the denaturation of
red blood cells demonstrates significant property in sta-
bilizing or inhibiting lysosomal enzymes. Since erythro-
cytes are basically proteins of hemoglobin, stabilization or
inhibition of protein denaturation such as egg albumin
denaturation by medicinal plant extracts provides evi-
dence of red blood cells stabilization and hence lysosomal
enzyme inhibition. Methanol and hexane extracts and
diclofenac sodium (standard drug) displayed concentra-
tion dependent anti-inflammatory activity at test con-
centrations of 12.5 to 200 μg/mL (Figure 1). However, the
anti-inflammatory activity of diclofenac was significantly
(P< 0.001) higher than those of the extracts. Additionally,
the methanol extract showed better activity compared to
the hexane extract at all test concentrations (Figure 1)
with IC50 values of 35.83 ± 0.1343 and 53.91 ± 0.1528 μg/
mL, respectively (Table 2).

&e results implied that the effectiveness of the test
samples of extracts as anti-inflammatory agents was higher
in the methanol extract compared to the hexane extract
(Figure 1). &e inflammatory activity of the extracts can be
attributed to the presence of steroids, phenols, tannins,

saponins, terpenoids, flavonoids, and alkaloids present in
V. camporum, which have been reported to exhibit anti-
inflammatory activity [17, 65]. &erefore, the anti-inflam-
matory activity of the extracts exhibited by the egg albumin
denaturation method may support the ethnomedicinal use
of boiling both the leaves and stem-bark of V. camporum as
medication to treat mouth sores, pains, wounds, skin rashes,
and boils.

3.4. Anthelminthic Activity. Anthelmintic potential of the
stem-bark extracts of V. camporum was examined using
earthworms (i.e., Lumbricus terrestris), due to their
physiological and anatomical resemblance with that of
intestinal roundworm parasites of human beings as well as
their ease of availability [41, 66]. Methanol and hexane
extracts and albendazole (standard drug) displayed con-
centration-dependent anthelmintic activity at test con-
centrations of 0.5 to 8.0mg/mL as shown in Figures 2 and 3.
&e anthelmintic activities of methanol and hexane extracts
at test concentrations were observed to be significantly
(P< 0.001) higher compared to albendazole-treated worms.
&e worms in the negative control (double distilled water)
were alive after 24 hours.

&e mode of action of some anthelmintics like imida-
zothiazoles, derquantel, and piperazine is to cause paralysis
of worms, such that they can be expelled in the faeces of man
and animals [41]. &e extracts did not only exhibit such
potency, but also cause both paralysis and death of the
Lumbricus terrestris worms at a rate much higher than the
standard drug albendazole. &e methanol extract showed
higher anthelminthic potency than the hexane extract in
both paralysis and death time of the worms. &e absence of
alkaloids in the hexane extract, which is known to be potent
anthelmintics, could explain the methanol extract higher
potency, though both contain phytochemicals such as sa-
ponins, tannins, and terpenoids [1]. &e results revealed that
the stem-bark of V. camporum possesses potentially effective
anthelminthic agents, and hence, further studies into the
compounds responsible for the pharmacological activity are
warranted.

3.5. In Vitro Antioxidant Activity. &e total antioxidant
potential of a plant extract depends largely on both the
constituent of the extract and the test system [41]. Tech-
niques employed in the assessment of antioxidant activity
differ from one another in terms of assay principles,
mechanisms involved, and experimental conditions [47].
Different factors can influence the activity of the extract
due to their multifunctionalities; hence, more than one
assay needs to be performed to evaluate the various modes
of antioxidant actions. &is is because a single method is
not sufficient to estimate the antioxidant capacity [49].
Considering the various mechanisms of antioxidant ac-
tions, the antioxidant properties of the extracts were
evaluated by (DPPH) free radicals scavenging, hydrogen
peroxide scavenging, and the total antioxidant capacity
assays [41].

Journal of Chemistry 5



3.5.1. DPPH Radical Scavenging Capacity. DPPH scav-
enging activity of the extracts was used to determine and
study the ability of the methanol and hexane extracts of
stem-bark of V. camporum to mop up free radicals that
may be found in animals and humans. Methanol and
hexane extracts of V. camporum and ascorbic acid (ref-
erence standard) scavenged DPPH at concentrations
ranging between 6.25 μg/mL to 100 μg/mL as shown in
Figure 4.

&e reference antioxidant (ascorbic acid), methanol, and
hexane extracts of V. camporum showed varying antioxidant
activity in the DPPH free radical scavenging assay with IC50
ranging from 7.283± 0.0938 to 29.540± 1.5437 μg/mL, as
shown in Table 3.

&e results implied that the effectiveness of the test
samples of extracts as antioxidants has methanol extract
higher than hexane extract (Figure 4). &e methanol extract
exhibiting a better radical scavenging activity than the
hexane extract might be attributed to the presence of ad-
ditional phytochemicals like flavonoids, phlobatannins, and
phenols, which are absent in the hexane extract. &e scav-
enging activity of the extracts can be attributed to the
presence of tannins, flavonoids, phenols, phlobatannins, and
terpenoids [19, 67]. &e DPPH scavenging results show that
extracts of the stem-bark of V. camporum 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 (H2O2) Radical Scavenging Assay.
&e scavenging activity of H2O2 molecules by extracts de-
termines the strength of the extracts towards scavenging
H2O2 and hence its ability to inhibit lipid peroxidation
reactions [68]. Hydrogen peroxide radical scavenging po-
tential of the methanol and hexane extracts of V. camporum

Table 1: Phytochemical constituents of the pulverized sample and extracts of V. camporum.

Phytochemical Pulverized sample Methanol extract Hexane extract
Alkaloids + + −

Phenols + + −
Tannins + + +
Saponins + + +
Terpenoids + + +
Flavonoids + + −
Steroids + + +
Phytosterols + + +
Proteins and amino acids + − +
Phlobatannins + + −
Glycosides + + +
Cardiac glycosides + + +
Coumarins + + −

Anthocyanins + + +
(+)� presence of the secondary metabolite; (−)� absence of the secondary metabolite.
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Figure 1: Percentage in vitro anti-inflammatory action of methanol and hexane extracts of V. camporum. Results were expressed as
mean± SEM (N� 3); ∗∗∗P< 0.001 compared to diclofenac sodium (reference drug) using one-way ANOVA.

Table 2: IC50 of anti-inflammatory activity of extracts of
V. camporum.

Sample IC50 (µg/mL)
Standard (diclofenac sodium) 20.38± 0.2080
Methanol 35.83± 0.1343
Hexane 53.91± 0.1528
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was evaluated by using hydrogen peroxide (H2O2) scav-
enging method with gallic acid as a reference standard. &e
results are shown in Figure 5.

&e results were represented in IC50 (µg/mL) to examine
the amount of the test solution that is able to scavenge 50% of
the H2O2. Results showed that both methanol and hexane
extracts of V. camporum demonstrated a significant antioxi-
dant activity in concentration dependent manner. &e IC50
values ranged from 169.00± 0.1528 to 352.20± 12.640μg/mL
as shown in Table 4.

From the results, methanol extract was a more ef-
fective antioxidant than hexane extract, which presum-
ably could be attributed to the absence of phytochemicals
like flavonoids, phlobatannins, and phenols in the latter,
although they are all good antioxidants. From this study,
the bioactive isolates from these extracts responsible for
antioxidant activity could be attributed to the presence of
tannins, flavonoids, phenols, phlobatannins, and terpe-
noids in the stem-bark of V. camporum and could be
exploited for the treatment of diseases associated with
oxidative-stress.

3.5.3. Total Antioxidant Capacity (TAC). Ascorbic acid
(vitamin C) is a natural organic compound possessing
significant antioxidant abilities, and it is normally found in
both plants and animals. It is a water-soluble antioxidant
known to aid in tyrosine, folic acid, and tryptophan
metabolism [69]. It is reported to metabolize cholesterol,
thereby increasing its elimination and resulting in low blood
cholesterol. It is widely established to contribute significantly
to the synthesis of amino acid carnitine and the catechol-
amines that regulate the nervous system. It aids in the ab-
sorption of iron and breaking down of histamine. It can
function as a redox buffer, which aids in the reduction of and
hence neutralizing reactive species of oxygen. &e outlined
metabolic processes of ascorbic acid involve all the multiple
mechanisms of antioxidants [70] and hence are widely used
as the reference standard for numerous antioxidant evalu-
ation assays including this assay.

Concentrations of ascorbic acid ranging between 6.25
and 100 μg/mL showed antioxidant activity and mean ab-
sorbances between 0.3140± 0.0142 to 0.9097± 0.240 at a
wavelength of 695 nm (Figure 6).

&e TAC was found to be proportional to the concen-
tration of extract. &e extracts of stem-bark of V. camporum
exhibited a significant increase in TAC expressed as ascorbic
acid equivalent. 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).&e gAAE/100 g represents the fraction of the

plant extract that can act as ascorbic acid in 100 g of the
extract. &e methanol and hexane extracts had
31.592± 1.682 and 30.232± 0.445 gAAE/100 g, respectively
(Table 5). &is simply means that 31.592 of methanol extract
and 30.232 of hexane extract of stem-bark extracts of
V. camporum out of 100 g of the sample will function as
ascorbic acid.

Generally, TAC increased with increasing concentration.
&e higher the TAC, the better the activity of the sample.
Although methanol extract showed slightly higher antiox-
idant activity than the hexane, both extracts demonstrated
appreciable antioxidant activities. &e experimental results
of this assay prove that the stem-bark of V. camporum
contains significant antioxidant therapeutic compounds and
hence the need to exploit those compounds for future
research.

Table 3: IC50 of DPPH radical scavenging activity for the methanol
and hexane extracts of V. camporum and ascorbic acid.

Sample IC50 (µg/mL)
Standard (ascorbic acid) 7.283± 0.0938
Methanol extract 17.700± 3.3430
Hexane extract 29.540± 1.5437

0.00 200.00 400.00 600.00 800.00 1000.00 1200.00
Concentration (µg/mL)

Gallic Acid
Methanol Extract
Hexane Extract

0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00

100.00

%
 S

ca
ve

ng
in

g

Figure 5: Hydrogen peroxide radical scavenging capacity of the
extracts of V. camporum and gallic acid.

Table 4: IC50 of hydrogen peroxide radical scavenging activity of
extracts of V. camporum.

Sample IC50 (µg/mL)
Standard (gallic acid) 169.00± 0.1528
Methanol extract 243.20± 0.1528
Hexane extract 352.20± 12.640

y = 0.0063x + 0.2966
R2 = 0.9917
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Figure 6: Mean absorbance of PMoV4MoVI8O40
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ascorbic acid solution) against the concentration of ascorbic acid
solution.
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3.6. Antimicrobial Activity of the Stem-Bark of V. camporum
Extracts. Agar well diffusion and Broth microdilution
methods were used to analyze the efficacy of the extracts as
antimicrobial agents.

3.6.1. Agar Well Diffusion Method. &e antimicrobial
activities of the extracts (methanol and hexane) of the stem-
bark of V. camporum were determined at three concentrations
levels of 6.25, 12.5, and 25.0 with 0.05mg/mL for reference
drugs. &e activity produced by the extracts and the reference
drugs is presented in Table 6.

&e agar well diffusion technique simply classifies mi-
crobes as susceptible, intermediate, or resistant, and it is
broadly used to evaluate the antimicrobial activity of plant
extracts [49]. &e zone of inhibition estimates the minimum
antimicrobial agent (plant extract) concentration adequate
to inhibit microbial growth. &e higher the zone of growth
inhibition, the more susceptible the organisms to the extract
or standard drug, and the more potent the antimicrobial
activity of the extract/standard drug [17]. &e sizes of the
zone of inhibition are compared to standards to determine if
the microorganism is sensitive or resistant to the plant
extract. &e results obtained from the experiment showed
that the extracts of the stem-bark of V. camporum were
effective and capable of inhibiting the growth of the selected
microorganism employed for the assay with variable activity.
&e methanol and hexane extracts of the stem-bark of
V. camporum exhibited variable antimicrobial activity
against both Gram-positive and Gram-negative, and the test
fungus within the concentration range of 6.25 to 25.0mg/mL
with zones of growth inhibition ranging from 10.0± 0.128 to
27.0± 0.019mm. &e lowest concentration, at which the
methanol and hexane extracts recorded a zone of inhibition,
was 6.25 and 12.5mg/mL, respectively. Even though all the
test microorganisms were susceptible to the methanol ex-
tract at a concentration range of 6.25 to 25.0mg/mL, E. coli
was the most susceptible, with C. albicans being the least
susceptible at the highest concentration of 25.0mg/mL.
However, P. aeruginosa was the most susceptible at lower
concentrations of 6.25 and 12.5mg/mL. E. coli was the most
susceptible to the hexane extract with B. subtilis being the
least susceptible at the highest concentration of 25.0mg/mL.
C. albicans was the most susceptible at lower concentration
of 12.5mg/mL. &e methanol extract showed inhibition
against P. aeruginosa and B. subtilis at a concentration of
6.25mg/mL but no inhibition against E. coli, S. aureus, and
C. albicans. All the four test bacteria were susceptible to
ciprofloxacin (standard drug), with S. aureus showing the
highest susceptibility. Both extracts and clotrimazole
(standard drug) showed activity against the fungus,

C. albicans. &e extracts of the stem-bark of V. camporum
were potentially effective against the test pathogenic mi-
crobes. Due to the significant activity of the extracts against
the selected pathogenic microbes, further experiment was
conducted to evaluate the minimum inhibitory concentra-
tion against tested microbes employed in this method.

3.6.2. Broth Microdilution. &e methanol and hexane ex-
tracts of the stem-bark of V. camporum showed varying
inhibitory activity against the test organisms as depicted in
Table 7.

&e MIC results showed that the stem-bark extracts of
V. camporum exhibited varying inhibitory effects against the
five selected microorganisms (two Gram-positive, two
Gram-negative, and one fungus). &e minimum inhibitory
concentrations (MICs) were between the ranges of 0.1953
and 25.0mg/mL. &e methanol extract showed the highest
inhibitory activity against E. coli and B. subtilis with MIC of
0.1953mg/mL, whilst the hexane extract against E. coli,
S. aureus, B. subtilis, and C. albicans at 12.5mg/mL. &e
lowest inhibitory activity of the hexane extract was observed
against P. aeruginosa at 25.0mg/mL. &e antimicrobial
activity shown by the extracts could be attributed to the
presence of secondary metabolites like terpenoids, tannins,
saponins in both extracts, and alkaloids, phenols, flavonoids,
and coumarins, which were found only in the methanol
extract of V. camporum reported to have shown antimi-
crobial inhibitory activity [43]. &erefore, the antimicrobial
activity exhibited by the methanol extracts of stem-bark of
V. camporum against test organisms may support the eth-
nomedicinal use of boiling both the leaves and stem-bark as
medication for the treatment of infections, skin rashes,
mouth sores, pains, and boils.

3.7. Ain Layer Chromatography (TLC). &e analytical TLC
method was used to determine the number of components
present in the extracts. &e separated chromatographic
spots, which were representative of compounds in the
various extracts, were observed, and their Rf values were
determined as shown in Table 8.

&e methanol and hexane extracts of V. camporum
showed four and six distinct spots with Rf values ranging from
0.261 to 0.547 and 0.286 to 0.976, respectively. &e number of
spots indicating the separated components in both the
methanol and hexane extracts of V. camporum was fewer
when compared to the phytochemicals identified to be present
in each stem-bark extract with the mobile phase of ethyl
acetate/hexane (1 : 4). &is implies that some of the compo-
nents did not elute or coeluted on the TLC plate because of the
use of less polar solvent system as the mobile phase. It may be
necessary to employ two-dimensional TLC, column chro-
matography, or high-pressure liquid chromatography (HPLC)
to achieve complete separation of the components.

3.8. Column Chromatographic Separation. Column chro-
matography was employed to separate the less polar com-
ponents of the methanol extracts of V. camporum. Four

Table 5: Total antioxidant capacity of methanol and hexane ex-
tracts expressed as gAAE/100 g.

Sample TAC (gAAE/100 g)
Methanol extract 31.592± 1.682
Hexane extract 30.232± 0.445
TAC: total antioxidant capacity; AAE: ascorbic acid equivalent.
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fractions, namely, A to D, were separated after elution with a
gradient of solvents EtOAc/Hexane (5 : 45; 10 : 40) as indi-
cated in Table 9.

&e column chromatography results confirm the an-
alytical TLC results of the components based on their
exact matching of the retardation factors. &e fractions
were monitored by means of TLC (eluent, Hexane/EtOAc
4 : 1). &e separated fractions were further screened
qualitatively to determine the type of phytochemicals
present and further determine their functional groups
using FTIR analysis.

3.9. Phytochemical Screening on Purified Fractions. &e
purified fractions obtained from column chromatographic
separation were screened qualitatively to determine the type
of phytoconstituents present to ascertain the various bio-
active components in the methanol extracts of V. camporum
(Table 10).

&e phytochemical screening results showed that frac-
tions A, B, and C are steroids, and D is a terpenoid. &is
result corroborates the earlier screening of the crude
methanol extracts having some of the indicated phyto-
chemicals. Ongoing research is on the separation of all the
components present in the extracts that will lead to isolation,
purification, identification, and bioactivity determination of
each component. &e presence of these identified secondary
metabolites supports the fact that the stem-bark of
V. camporum could be exploited as a therapeutic candidate
for helminthic, bacterial/fungal infections, inflammatory
diseases, and diseases associated with oxidative-stress. &ese
results also give credence to the ethnomedicinal uses of the
stem-bark of V. camporum against human ailments. &e
purified fractions were further analyzed using FTIR to de-
termine the various functional groups present in each pu-
rified compound.

3.10. FTIR Analysis. FTIR analysis was performed on the
purified components obtained from the methanol extract
after column chromatographic separation. &e results are
presented in Figures 7–10 and Tables 11 and 12.

&e wave numbers around 2923–2854 cm−1, 1742 cm−1,
1459–1371 cm−1, and 1221–1050 cm−1 positions of the
spectra are characteristic of aliphatic (Csp3-H) stretch,
nonconjugated C�O stretch, C-H bend, and C-O/C-C

Table 6: Mean zones of inhibition (ZI) of methanol and hexane extracts of V. camporum and ciprofloxacin and clotrimazole standards.

Sample/drug Conc. (mg/mL)
Mean zone of inhibition (mm) (mean± SEM)

E. coli S. aureus P. aeruginosa B. subtilis C. albicans
Ciprofloxacin 0.05 24.0± 0.121 30.0± 0.217 28.0± 0.081 24.0± 0.164 NA
Clotrimazole 0.05 NA NA NA NA 22.0± 0.171

Methanol extract
25.00 27.0± 0.019 24.0± 0.061 22.0± 0.099 22.0± 0.077 20.0± 0.184
12.50 18.0± 0.020 16.0± 0.090 20.0± 0.097 16.0± 0.068 14.0± 0.088
6.25 — — 14.0± 0.186 10.0± 0.128 —

Hexane extract
25.00 26.0± 0.146 18.0± 0.119 16.0± 0.210 14.0± 0.114 20.0± 0.094
12.50 14± 0.024 12.0± 0.030 — — 16.0± 0.171
6.25 — — — — —

NA: not applicable; diameter of the cork borer� 10mm.

Table 7: Minimum inhibitory concentrations (MICs) of the ex-
tracts of V. camporum and reference standard drugs against test
organisms.

Test
organisms

Minimum inhibitory concentration (mg/mL)
Methanol Hexane Ciprofloxacin Clotrimazole

E. coli 0.1953 12.50 0.3906×10−3 NA
S. aureus 0.3906 12.50 0.7813×10−3 NA
P. aeruginosa 0.3906 25.00 3.125×10−3 NA
B. subtilis 0.1953 12.50 3.125×10−3 NA
C. albicans 0.3906 12.50 NA 1.563×10−3

NA: not applicable.

Table 8: Separated constituents of V. camporum extracts as de-
termined using TLC.

Components
Retardation factor, Rf

Methanol extract Hexane extract
A 0.261 —
B 0.285 0.286
C — 0.357
D 0.438 —
E 0.547 0.524
F — 0.714
G — 0.738
H — 0.976

Table 9: Chromatographic separation of the fractions of constit-
uents of methanol extracts of V. camporum.

Components Retardation factor, Rf

A 0.547
B 0.438
C 0.285
D 0.261

Table 10: Phytochemical screening result for collected fractions of
methanol extracts of V. camporum.

Components Phytochemical
A Steroid
B Steroid
C Steroid
D Terpenoid
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Figure 8: FTIR spectrum of fraction B from the methanol extract of V. camporum.
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Figure 7: FTIR spectrum of fraction A from the methanol extract of V. camporum.
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Figure 9: FTIR spectrum of fraction C from the methanol extract of V. camporum.
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Figure 10: FTIR spectrum of fraction D from the methanol extract of V. camporum.
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stretching vibrational frequencies functional groups, re-
spectively [71, 72]. &ese functional groups show that
fractions A and B are highly saturated with nonconjugated
carbonyl stretching frequencies typical of steroidal com-
pound motifs. &e major difference between the spectra of
fractions A and B is in the fingerprint region around 1100
to 1200 cm−1. Spectrum of fraction A has doublet medium
peaks, while B has a singlet (with triplet shoulder spike)
around the fingerprint region. Steroids generally possess
aliphatic groups (i.e., C-H) in the ring system and on the
side chain and may also possess one or more carbonyl
(C�O) and or ethylenic groups (C�C). &e presence of
these functional groups in the purified fractions A and B
confirms the presence of steroids as identified from the
phytochemical analysis.

&e FTIR spectrum of fraction C indicated the presence
of aliphatic saturated Csp3-H stretch (2854–2922 cm−1),
carbonyl C�O stretch (1737 cm−1), olefinic double bond,
C�C stretch (1631 cm−1), C-H bending (1370–1466 cm−1),
and C-O stretch (1145–1221 cm−1) wave numbers typical of
unsaturated steroidal structural backbone. &e functional
groups in the spectrum of the purified fraction C confirm the
presence of unsaturated steroid as identified from the
phytochemical analysis.

&e FTIR spectrum of fraction D showed the presence of
aliphatic saturated Csp3-H stretch (2853–2924 cm−1), carbonyl
C�O stretch (1737 cm−1), C-H bending (1370–1460 cm−1), and
C-O stretch (1021–1221 cm−1) absorption frequencies [72].
&e presence of these functional groups in the purified fraction
D confirms the presence of saturated terpenoid as identified
from the phytochemical analysis.

&e FTIR analysis of all the fractions A, B, C, and D
confirms the identified secondary metabolites steroids and
terpenoids, respectively from the screening test. Further
structural identification and elucidation is ongoing in our
research laboratory.

4. Conclusion

&e methanol and hexane extracts of V. camporum showed
the presence of secondary metabolites including alkaloids,
phenols, tannins, saponins, terpenoids, flavonoids, steroids,
phytosterols, proteins, and amino acids, phlobatannins,
glycosides, cardiac glycosides, coumarins, and anthocyanins.
&is study has demonstrated that extracts of the stem-bark
of V. camporum exhibit considerable antioxidant, antimi-
crobial, anti-inflammatory, and anthelminthic activities.&e
biological activities of the extracts were observed to be
higher in the methanol compared to the hexane extract. &is
study has provided some justification for the folkloric use of
the stem-bark of this medicinal plant for the treatment of
mouth sores, pains, inflammation, and skin rashes. Further
studies on isolation, characterization, identification, and
determination of biological activities of the isolates from the
stem-bark of V. camporum are ongoing in our research
laboratory.
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Table 11: FTIR interpretation of purified fractions A and B from the methanol extract of V. camporum.

Fraction A Fraction B
Peak value
(cm−1) Functional group Inference Peak value (cm−1) Functional group Inference

2923, 2854 Csp3-H stretch &e observed functional
groups confirm the presence
of steroid identified in the

screening test

2923, 2854 Csp3-H stretch &e observed functional
groups confirm the presence
of steroid identified in the

screening test

1742 C�O stretch 1742 C�O stretch
1459, 1371 C-H bend 1459, 1378 C-H bend
1221, 1158,
1110, 1050 C-O/C-C stretch 1156 C-O stretch

Table 12: FTIR interpretation of purified fractions C and D from the methanol extract of V. camporum.

Fraction C Fraction D
Peak value
(cm−1) Functional group Inference Peak value (cm−1) Functional group Inference

2922, 2854 Csp3-H stretch
&e observed functional groups

confirm the presence of
unsaturated steroid identified in

the screening test

2924, 2854 Csp3-H stretch
&e observed functional

groups confirm the presence
of terpenoid identified in the

screening test

1737 C�O stretch 1737 C�O stretch
1631 C�C stretch 1460, 1370 C-H bend
1466, 1371 C-H bend 1221, 1176, C-O/C-C
1221, 1177,
1045 C-O/C-C stretch 1021 stretch
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