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Abstract

Anxiety is an unpleasant state of inner turmoil which causes nervous 
behavior like fear, apprehension and worries. Vernonia amygdalina commonly 
called bitter leaf, belongs to the family Astaraceae, and has been reported to 
be used locally in the management of psychiatric disorders. However, no work 
has been reported on pharmacological potentials of Vernonia amygdalina on 
anxiety in male rats. This study was therefore designed to investigate the effect 
of Vernonia amygdalina (VA) on anxiety status in male rats.

The air-dried leaves of Vernonia amygdalina (VA) pulverized and 
macerated in methanol for 72 hours. The methanol was filtered with cotton 
wool and filter paper and concentrated using rotary evaporator at 40ºC and 
further concentrated in a vacuum oven at temperature of 40ºC and pressure 
of 600mmHg. The anxiolytic-like effect of VA was investigated using the Open 
Field Test (OPF), Hole-board apparatus and Y-maze apparatus. The results 
obtained were expressed as mean ± S.E.M. Data were analyzed using One-
way Analysis of Variance (ANOVA), followed by Newman– Keuls’ multiple 
comparisons test P<0.05.

Vernonia amygdalina showed anxiolytic-like effect in rat, 50 mg/kg were 
significantly different from control in open field test, hole board test.

In conclusion, this study has shown that methanol extract Vernonia 
amygdalina possess anxiolytic-like effects in male rats. 
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for GABA, which bind at the alpha sub-unit, but increase the 
frequency of channel opening events which leads to an increase in 
chloride ion conductance and inhibition of the action potential. 
Benzodiazepines work by increasing the efficiency of a natural brain 
chemical, GABA, to decrease the excitability of neurons. This reduces 
the communication between neurons and therefore, has a calming 
effect on many of the functions of the brain. GABA controls the 
excitability of neurons by binding to the GABAA receptor [2]. The 
GABAA receptor is a protein complex located in the synapses of 
neurons. All GABAA receptors contain an ion channel that conducts 
chloride ions across neuronal cell membranes and two binding sites 
for the neurotransmitter gamma-aminobutyric acid (GABA), while 
a subset of GABAA receptor complexes also contain a single binding 
site for benzodiazepines. Binding of benzodiazepines to this receptor 
complex does not alter binding of GABA. 

Unlike other positive allosteric modulator that increases 
ligand binding, benzodiazepine binding acts as a positive allosteric 
modulator by increasing the total conduction of chloride ions 
across the neuronal cell membrane when GABA is already bound 
to its receptor. This increased chloride ion influx hyperpolarizes the 
neuron’s membrane potential. As a result, the difference between 
resting potential and threshold potential is increased and firing 

Introduction 
Anxiety is a state of excessive fear and is characterized by motor 

sympathetic hyperactivity, apprehension and vigilance syndromes. It 
can lead to feelings of dread over something unlikely to happen, such 
as feeling of imminent death and it is often accompanied by muscular 
tension, restlessness, fatigue and problems with concentration. 
Generalized anxiety disorder is an ongoing state of excessive anxiety 
lacking any clear reason or focus. Essential feature of this class of 
anxiety is chronic worry [1].

Anxiety is a normal human emotion that is experienced at 
times, closely allied with fear and presumably serving psycho-
biologically adaptive purposes. While anxiety is considered a natural 
reaction to a stressful situation, however when symptoms of anxiety 
occur frequently, extending over a period of time and interfering 
with daily activities, it is typically considered an anxiety disorder. 
Anxiety disorders include panic, social anxiety, specific phobias and 
generalized anxiety. 

All anxiolytic agents like benzodiazepines (BDZs) bind to the 
gamma sub-unit of the GABA-A receptor. Their binding causes 
an allosteric (structural) modification of the receptor that result 
in an increase in GABAA receptor activity. BDZs do not substitute 
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is less likely. Different GABAA receptor subtypes have varying 
distributions within different regions of the brain and, therefore, 
control distinct neuronal circuits. Hence, activation of different 
GABAA receptor subtypes by benzodiazepines may result in distinct 
pharmacological actions [3]. In terms of the mechanism of action of 
benzodiazepines, their similarities are too great to separate them into 
individual categories such as anxiolytic or hypnotic. For example, a 
hypnotic administered in low doses will produce anxiety-relieving 
effects, whereas a benzodiazepine marketed as an anti-anxiety drug 
will at higher doses induce sleep [4]. Despite immense technological 
advancement in modern medicine, many people in developing 
countries still rely on the healing properties of medicinal plants for 
their health care needs.

Vernonia amygdalina (VA), a member of the Asteraceae family, is 
a small shrub that grows in the tropical Africa. V. amygdalina typically 
grows to a height of 2-5 m. The leaves are elliptical and up to 20 cm 
long. Its bark is rough [5]. V. amygdalina is commonly called bitter 
leaf in English because of its bitter taste. Locally, VA is called ewuro 
(Yoruba), onugbu (Igbo), chusar-doki (Hausa) [6,7].

Vernonia amygdalina (Del.) commonly called bitter leaf is the 
most widely cultivated species of the genus Vernonia which has about 
1,000 species of shrubs [8]. It belongs to the family Astaraceae. It is 
vegetative cultivated by stem cutting at an angle of 450C and popular 
in most of West Africa countries including Nigeria, Cameroon, 
Gabon and Congo Democratic Republic. It was named after an 
English Botanist William Vernon. It is also referred to as ironweed. 

V. amygdaline is frequently found in gardens [9]. It can adapt to a 
variety of climates unlike other plants that are native to certain areas. 
It is grown in many countries, in savannah zones and cultivated fields. 

Although most popularly used for food, it has also, been 
traditionally used for its medicinal properties [10]. True to its name, 
bitter leaf is bitter to taste but surprisingly delicious in meals [11]. 
Bitter leaf is called Omjunso in East Africa especially Tanzania, 
Onugbo in Igbo-Eastern Nigeria and Orugbo among the Itsekiri and 
Urhobo tribes in Nigeria, Ewuro (Yoruba), Etidot (Ibibio), Ityuna 
(Tiv), Oriwo (Edo), Chusa-doki Shiwaka (Hausa).

It attains the height of 2.5m with petiolate leaf of about 6mm 
in diameter that is elliptic in shape [5]. The branches are brittle and 
break off easily. It has grey or brown coloured bark; the bark has a 
rough texture and is flaked. The leaves are elliptical and up to 20cm 
long.

Studies have shown that there is evidence that Vernonia 
amygdalina possess anti-hypertensive activity [12,13], antidiabetic 
activity [14,15], antiplatelet potential [16], hypolipidaemia activity 
[17,18] and hepatoprotective activity [19,20]. Study also showed that 
VA has antioxidant properties and contains chemical composition 
such as flavonoids, saponins, terpenes, phenolic acids and others 
[21,22]. Reported that ethyl acetate fraction of Vernonia amygdalina 
has anxiolytic potentials in mice. However, there is little or no 
information on anxiolytic and explorative potential of Vernonia 
amygdalina in male wistar rats. Therefore, this study carried out 
anxiolytic and explorative properties of the methanol leaf extract of 
Vernonia amygdalina in male wistar rats. 

Materials and Methods
Twenty five (25) male Wistar rats weighing between 80-100g were 

used in this study. The Wistar rats were obtained from the animal 
house of the Bowen University, Iwo, Osun, Nigeria. The animals were 
housed and acclimatized in plastic cages with a wire screen top at the 
animal house of the Bowen University, Iwo, Osun state for two weeks 
before commencement of the neurobehavioral experiment.

Plant preparation and extraction
A bulk of fresh Vernonia amygdalina leaves sufficient for the 

study was collected from farm house in Bowen University, Iwo, Osun 
State Nigeria. It was then identified and authenticated in the botany 
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Figure 1: Effect of MEVA administration on number of line crossed in Open 
Field Test (OFT). The results were expressed as means ± SEM (n=6). Data 
were analyzed using One-way ANOVA followed by Newman-Keuls’ post hoc 
test. ***p<0.001 compared with the control.
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Figure 2: Effect of MEVA administration on Rearing in Open Field Test (OFT). 
The results are expressed as means ± SEM (n=6). Data were analyzed 
using One-way ANOVA followed by Newman-Keuls’ post hoc test. *p<0.05, 
***p<0.001 compared with the control.
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Figure 3: Effect of MEVA administration on Grooming in Open Field Test 
(OFT). The results are expressed as means ± SEM (n=6). Data were 
analyzed using One-way ANOVA followed by Newman-Keuls’ post hoc test. 
*p<0.05 compared with the control.
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department of the Bowen University, Iwo, Nigeria by Dr Ayanbamiji. 
The authentication number is BUH086.

The fresh leaves of Vernonia amygdalina were plucked from 
the stem and were air dried in the laboratory for about 61 days. 
The dried leaves were then reduced to powder using a grinder. The 
finely powdered leaves plant powder was then weighed and found to 
be 744g. Hence, 744g of the plant was soaked in about 3090mls of 
70% methanol and it was stirred. The mixture was then allowed to 
soak for about 72 hours; it was filtered first with a cheese cloth and 
then with Whitman filters paper in to a sterile container. The green 
colored filtrate was then evaporated to dryness in a rotary evaporator 
at 400C so as to obtain the extracted leaf. The extract was then stored 
in a refrigerator for daily use. It was then dissolved in normal saline 
following standard of 1g/10ml for administration to the rats orally.

Experimental animals and Treatment
Male rats weighing 80-100g were used in this study and were 

obtained from the Laboratory Animal Centre of the School of 
Health Science, Bowen University, Iwo, Osun, Nigeria. The animals 
were kept under favorable environmental condition, and fed with 
standard rodent pellet and water ad libitum. Animals were divided 
into four (4) groups: (1) saline, 10ml/kg (2) methanol extract of 
Vernonia amygdalina (MEVA), 50mg/kg (3) MEVA, 100 mg/kg, 
MEVA, 200 mg/kg and (4) standard drugs (Diazepam, 1mg/kg) 
before subjecting them to their respective models. The experimental 
procedures adopted in this study were in accordance with the United 
States National Institutes of Health Guidelines for Care and Use of 
Laboratory Animals in Biomedical Research (NIH, 1985).

Phytochemical screening
Methanol leaf extract of Vernonia amygdalina was screened for 

the presence or absence of various phytochemicals using standard 
procedures [23].

Anxiety experimental models
Open field test: The open-field area is made of acrylic 

transparent walls and black floor (30 cm x 30 cm x 15 cm) divided 
into nine squares of equal area. The open field is used to evaluate the 
exploratory activity of the animal [24]. The observed parameters are 
the number of squares crossed (with the four paws) and number of 
rearing, grooming. In Open field test, the number of line crosses and 
the frequency of rearing are usually used as a measure of locomotors 
activity and anxiety. A high frequency of this behavior indicates 
increased locomotion and exploration or a lower level of anxiety. 
Rearing frequency is the number of times the animal stood on its 
hind limbs or with its fore limbs resting on the wall of the observation 
cage or free in the air and grooming frequency is number of body 
cleaning with paws, picking of the body and pubis with mouth and 
face washing actions. After each test, the box is carefully cleaned up 
with 10% ethanol solution.

Hole- board apparatus: The apparatus is composed of a 
transparent Flexi glass area (42 x 42 x 30 cm) with 16 equidistant 
holes 2.5 cm in diameter in the floor [25]. The centre of each hole is 10 
cm from the nearest wall of the box. The floor of the box is positioned 
15 cm above the ground. An animal is placed in the center of the hole-
board and allowed to freely explore the apparatus for 5 minutes, after 
the 5 minutes test, the animal was returned in its home cage and the 

hole-board apparatus was cleaned with 10% ethanol and permitted to 
dry between tests and this prevent the incoming animal not to sense 
the odor of the previous animal.. The animal places its head into one 
of the holes, a minimum depth such that the ears were level with the 
floor of the apparatus. The number of head-dipping is recorded. A 
head dip is scored if both eyes disappear into the hole. The results are 
expressed as mean total number of head dips

Statistical analysis
The results obtained were expressed as mean ± S.E.M. Variance 

was analyzed using One-way Analysis of Variance (ANOVA), 
followed by Newman– Keuls’ multiple comparisons test. Statistical 
significance was set at P < 0.05. All statistical analyses were done using 
(Graph-Pad Prism Software, San Diego, CA, USA) (Table 1).

Results 
The results of the preliminary phytochemical screening revealed 

the presence of tannins, flavonoids, triterpenoids, saponins, 
terpenoids and anthraquinones (Figures 1-4).

Effect of methanol extract of Vernonia amygdalina in male rats 
on number of line crossed in Open Field Test.

Effect of methanol extract of Vernonia amygdalina in male rats 
on Rearing in Open Field Test.

Effect of methanol extract of Vernonia amygdalina in male rats 
on Grooming in Open Field Test.

Effect of methanol extract of Vernonia amygdalina on head-deep 
frequency in Hole-board Test.

0
5

10
15

20

∗∗∗
∗∗∗

H
ea

d-
 d

ip
 fr

eq
ue

nc
y

Control (10ml/kg)
MEVA (50mg/kg)
MEVA (100mg/kg)
MEVA (200mg/kg)
Diazepam (1mg/kg)

Figure 4: Effect of MEVA administration on Head-dip frequency in Hole-
board test. The results are expressed as means ± SEM (n=6). Data were 
analyzed using One-way ANOVA followed by Newman-Keuls’ post hoc test. 
***p<0.01 compared with the control.

Plant constituents Results

Alkaloids +

Flavonoids +

Saponins ++

Tanins ++

Anthraquinones +

Terpenoids +

Cardiac glycosides -

Table 1: Phytochemical screening results.
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Discussion 
Vernonia amygdalina (VA) methanol leaf extract showed 

significant anxiolytic, sedative and exploratory activity at a lower 
dose of 50mg/kg, VA showed a significant increase in the number of 
head dip responses, a significant increase in locomotion and rearing 
indicating its anxiolytic and exploratory activity at this least dose of 
the study (50mg/kg).

V.amygdalina showed a dose dependent sedative activity at 
higher doses of 100mg/kg and 200mg/kg as indicated by significant 
reduction in rearing and locomotion in the open field test, reduction 
in number of head dip responses in the hole-board apparatus and a 
significant decrease in the Y-maze arm entries. At a dose of 200mg/
kg, V.amygdalina also showed a significant increase in percentage 
alternation, an indication of higher spatial memory in the Y-maze 
apparatus.

 The beneficial medicinal effects of plant materials typically result 
from the combinations of secondary metabolites present in the plant, 
through additive or synergistic action of several chemical compounds 
acting at single or multiple target sites associated with a physiological 
process [26]. Preliminary phytochemical screening in this study 
revealed the presence of alkaloids, tannins, terpenoids, flavonoids, 
anthraquinones and saponins. In the case of this study, the anxiolytic 
and sedative activities observed with V.amygdalina methanol leaf 
extract is possibly due to the presence of flavonoids, alkaloids, and 
terpenoids in the plant extract. These chemical constituents have been 
reported to be responsible for anxiolytic and sedative effects observed 
in different plant extracts [27].

In this study, V.amygdalina at the dose of 50 mg/kg increased the 
number of head-dips in a comparable manner to diazepam 1mg/kg 
which is consistent with studies that have shown that benzodiazepine 
receptor agonists produce behavioural changes consistent with 
anxiety reduction while enhancing exploratory head-dipping [28], 
and this also corroborates the report of Casarrubea [29] who reported 
that the hole-board is an exploration-based assay widely used to asses 
features of anxiety-related behaviours in rodent and that an increase 
in head-dip frequency was suggestive of an anxiolytic activity. At 
doses of 100mg/kg and 200mg/kg, the number of head dip responses 
was reduced in a significant manner. File and Wardill [30] reported 
that suppression of exploratory behavior is an indication of CNS 
depressant activity. 

In this study at doses of 100mg/kg and 200mg/kg, V.amygdalina 
produces a significant decrease in rearing and locomotion in the 
open field test indicating a central nervous system inhibitory activity 
which is consistent with the result from the hole-board test while at 
the dose of 50mg/kg caused a significant increase in this behaviour. 
Rearing and locomotion are central excitatory locomotors behaviour 
associated with motivational state and arousal level and are regarded 
as ‘arousal’ or ‘stress’ phenomenon [31] and an increase or decrease 
in these index of alertness indicates an anxiolytic or sedative effect 
respectively [32].

In this study, all doses of V.amygdalina (50mg/kg-200mg/kg) did 
not have a significant effect on grooming compared to control, though 
it was decreased at a dose of 50mg/kg. However, diazepam produced 
a significant decrease in this activity. Grooming representing a typical 

displacement behavior is often seen in animal models of stress and 
anxiety, leading to a long standing view of grooming as a mere 
anxiogenic response. 

The effects of 100mg/kg and 200mg/kg doses of V.amygdalina on 
the activity of the rats in the Y-maze arm entries showed that these 
doses are rather sedative and not anxiolytic consistent with previous 
information from the open field and hole-board test. The Y-maze 
can be used as a measure of short term memory, general locomotion 
activity and stereotypic behaviour [33]. Locomotors activity is an 
index that can be observed from the total number of arm entries 
[34]. In the present study, animals treated with different doses of 
V.amygdalina showed an improvement of the memory compared to 
control group. However, this improvement was significant only at the 
dose of 200 mg/kg and this may be due to the fact that it had a lower 
number of arm entries and thus an almost consistent percentage 
alternation. It is well known that spontaneous alternation is a measure 
of spatial working memory. Learning is a behavioral modification 
following an experience while memory involves the retention of the 
modification [35].

The effectiveness of V.amygdalina at 50mg/kg in producing 
anxiolytic effects which suggests a possible positive modulation 
of both the GABAA – chloride channel receptors complex and 
5-HT1A receptors complex. However, further studies will be needed 
using different receptors antagonists to ascertain whether or not 
the anxiolytic effect of VA at 50mg/kg will be inhibited by these 
antagonists.

Conclusion
Results obtained in this study suggests that acute administration 

of the methanol leaf extract of V.amygdalina produced anxiolytic 
with a sedative effect which suggests a possible positive modulation of 
both the GABAA – chloride channel receptors complex and 5-HT1A 
receptors complex, increase in exploratory activity and slight 
improvement of short-term memory may suggest that V.amygdalina 
has some positive neuromodulatory potential to be explored.
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