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Abstract

Vernonia amygdalina remains a popular plant used in indigenous and folkoric medicine for the
treatment of several diseases such as malaria, headaches, diabetes, hypertension, skin-related problems
and many others. The aim of this study was to evaluate the antidepressant and antioxidant effects of
the methanol leaf extract of Vernonia amygdalina in mice. The plant materials were extracted with
methanol and the percentage yield was consistent. The antidepressant effect of the V. amygdalina
methanol extract was evaluated at different doses (100, 200 and 400 mg/kg) in both sexes. The models
employed was delayed restriction for 14 days, using the forced swimming test, tail suspension test and
swim induced grooming. The methanol leaf extract of Vernonia amygdalina significantly decreased the
immobility duration and significantly increased grooming time (P < 0.05), in the post swim behavioral
observations. The extract of Vernonia amygdalina significantly increased the concentrations of reduced
glutathione (GSH), (SOD) and reduced the level of malonidialdehyde (MDA) in the hippocampal
homogenate across all doses (P < 0.05). Vernonia amygdalina acute toxicity data was calculated to be
greater or equal to 5000 mg/kg. The results obtained in this study have indicated that the extract exerts
antidepressant-like effects through the modulation of oxidative stress within specific regions of the
brain, thus further research should be conducted to purify compounds responsible for the observed
antidepressant effects.
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INTRODUCTION

Major depressive disorder (MDD) is a devastating illness with a consequence on social,
psychological and clinical impact. Depression affects almost all aspects of a person’s life,
including thinking, emotions, physical health and social relationships {world Health
Organization (WHO, 2017)}. Depression is among the leading cause of morbidity and
disability in the world; according to the WHO (2017) over 350 million people worldwide are
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currently living with this condition (Bondy, 2002). In Africa, its prevalence is estimated at 9 %
in the general population (Endomba et al. 2020). In Cameroon, MDD is a major public health
issue. For instance, in Cameroon's economic capital, Douala, the frequency of depressive
disorders among patients documented by general practitioners was 22.5% for minor
depression disorders and 10% for serious depressive disorders. (Toguem et al. 2019).
Numerous cognitive illnesses, including MDD, have been linked to stress exposure from
specific life experiences (Lee et al., 2020). Due to the fact that brain is more vulnerable to
oxidative damage, it was documented already that oxidative reactions plays a role in the
pathophysiology of MDD. Its high fat content, high oxygen consumption, and comparatively
weak antioxidant defenses make it vulnerable. (Bhatt et al., 2020). Indeed, overproduction of
reactive oxygen species leads to disruption of the phospholipid-rich neuronal membrane
affecting the functions of serotonin and other monoamines (Ali ef al., 2021). Interestingly, the
monoamine system, most often, the serotonin and dopamine pathways, has been extensively
studied and found to play a significant role in the etiology of MDD (Moore et al., 2018). Many
patients may not have symptomatic remission or response to treatment, even after multiple
medication treatments, despite tremendous advancements in therapeutic approaches like
psychotherapy and pharmaceutical therapies, most notably the availability of antidepressant
medication. (Mora et al., 2018). This is largely attributed to factors such as the development of
treatment resistance relapse (Bhatt et al., 2020). Furthermore, the current therapies available
for treating depression are frequently associated with a range of intolerable side effects
(gastric, hepatotoxicity, loss of appetite and weight) (Campos et al., 2005); according to the
WHO (2019), more than 1000 billion Dollars are spent per year on the purchase of
antidepressants. In addition, the delayed therapeutic effects associated with patients’ resistant
to these treatments disclosed the urgent need to find new and more effective alternative
treatments (Pham and Gardier, 2019).

Animal models have been extensively used to demonstrate that chronic restriction is related
to chronic exposure to stress, enabling the understanding of MDD and the screening of novel
therapeutic agents (Seo et al., 2017). There is growing interest in traditional medicine, as
several arguments suggest that medicinal plants are relatively inexhaustible reservoirs of
medicines and are more compatible with the human body, generally having few undesirable
side effects (EI-Wahab et al., 2013). Medicinal plants are still being studied on a daily basis,
with the aim of improving treatment for various diseases (Mpondo et al., 2017). This is the
case with traditional Chinese medicine, which uses Honokiol, a bioactive polyphenolic
compound extracted from the Magnolia officinalis, which has been shown to have ameliorating
effects on depression (Poivre and Duez, 2017).

Vernonia amygdalina is traditionally used to treat a variety of diseases including diarrhea,
fungal and bacterial infections, inflammation, cancer, diabetes, and its squeezed juice can be
applied on wounds (Ugbogu et al., 2021). The plant was traditionally used as appetizer and is
considered as a treatment for alcohol induced hepatotoxicity (Kaur et al., 2019).

Extracts from bitter leaf can be used as tonics to treat a variety of ailments and diseases,
including emesis, nausea, diabetes, anorexia, diarrhea, dysentery and other gastrointestinal
tract issues which explain why many herbalists and indigenous doctors in Africa recommend
that their patients take the aqueous preparations of these leaves against certain health
disorders (Edo et al., 2023).

It is used as a cure for many diseases conditions, including malaria, fever, gastrointestinal
issues, pain relief, immune system boosting, antimicrobial and anti-parasitic properties,
nervous system regulation, cardiovascular health maintenance, digestive aid, fever reduction,
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diabetes management, stomachache, and others. These health benefits are linked to the
phytochemical constituents of the plant. Prominent phytochemicals in bitter leaf include
vernodalin, vernolepin, vernonioside, vernomygdin, and others (Ogwu & Ikhajiagbe, 2023).
Considering the fact that the convention agents ised for management of depression are
associated with many side effects and relapse of sumptoms, we therefore explore the
medicinal plant for possible discovery of promising antidepressant agent with high efficacy
and lower tendency of adverse effects.

MATERIALS AND METHOD

Plant, collection, preparation and extraction

The leaves of V. amygdalina were collected in Dange shuni area, Sokoto State, Nigeria in
August 2024. Part of the sample collected was authenticated by Malan Musa Dan Amadu and
assigned a voucher number of V721 at the Herbarium Section of the Department of
Pharmacognosy and Ethnopharmacy, Usmanu Danfodiyo University Sokoto, Sokoto State,
Nigeria. The pulverized 400 g of V. amygdalina leaves were cold macerated with methanol (4
L) and the mixture was kept for 74 h (Ngoupaye et al., 2020). Sample was then with Whatmann
No. filter membrane. The filtrate was concentrated in vacuous using rotary evaporator at 37
°C. The yield was calculated using the formula described by Pahaye et al., (2017).

weight of extract x100 Equation 1

Percentage y1€1d - weight of plant material

Experimental Mice

Adult albino mice of both sexes, aged 1-2 months with an average weight of 25-30 g were
used. The animals were raised at room temperature and subjected to a natural light-dark cycle
in the animal house of the Department of pharmacology and toxicology, Usmanu Danfodiyo
University Sokoto, Nigeria; and were separated in subgroups six members per group (Yassi
et al., 2023). The animals were given water and food ad libitum. Experiments sought ethical
clearance and was issued with approval number 2024/ECN/071.

Interventions and grouping
A total of 30 albino mice were divided into five groups of (n=6) animals each, and treated as
follows:

Group 1: received distilled orally at the dose of 10 mL/kg and was paced to chronic restriction
and it is term as negative control group,

The second group received Vernonia amygdalina extract orally at the dose of 100 mg/kg and
was placed for chronic restriction.

The third group received extract of Vernonia amygdalina orally at the dose of 200 mg/kg and
was taken for the restriction session

Fourth group was given Vernonia amygdalina extract orally to amounting dose of 400 mg/kg
and was then taken for restriction session.

Group five was administered a dose of 2.5 mg/kg clozapine orally, after which they were
taken for restriction session.

Animals were subjected to prolong restriction one hour after receiving different doses.

Evaluation of the effect of Vernonia amygdalina Methanol Extract on Major Depressive
Disorder

Induction of Major Depressive Disorder

The rats were exposed to a stressor induced by 14 days of chronic restriction, allowing for an
in-depth investigation of the neurological, behavioural and physiological changes associated
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with depression (Porsolt et al., 1977). Prolong restriction involves placing the animals of the
respective groups, each animal was placed singly inside propylene tube (6 cm wide and 10
cm long) for a total period of two hours every day for 14 days. The wall of the propylene tube
was perforated by a few holes 1 cm in diameter near the animal’s head to ensure proper
ventilation. They were deprived of food, water and movement throughout of the trial. To
avoid familiarization of the experimental animals in the propylene tube, the two (2 h) daily
restriction sessions were carried out according to the schedule.

Mice were returned to their initial cages to observe break session. The schedule was repeated
for the next seven days (Porsolt et al., 1977). The schedule was repeated for the next seven
days. Neurobehavioral tests used to assess the depressive behavior or otherwise of the mice
includes forced swim test, the tail suspension test and the swim induced grooming.

Forced swim test

This is an experimental stress being induced in animals by forcing them to swim in drowning
water. The paradigm is to use explore state of despair in murine models for depression. The
method described by (Porsolt et al., 1977) was used in the present study. Experimental sessions
for this test are divided into two phases: Pre-test phase and a test phase. In the pre-test phase,
the mice were placed singly in a cylindrical tank of specified measurement (50 cm height, 18
cm diameter) half-filled with water at body temperature for 15 min. Twenty-four hours
following this pre-test phase, they were placed in the same glass cylinder for 5 min,
constituting the test phase. The mice locomotion were recorded and the immobility and
swimming duration was also captured for duration of four minutes. Immobility was defined
as the absence of movement for up to three seconds.

Swim induced Grooming

Grooming is one of the pleasurable behavior engaged by mice after their exposure to less
stress swimming for quiet shortest possible time. The rats were tested to derive pleasure
during grooming session after swimming. The duration of grooming was measured in each
group to determine the effect of the treatment on possible elevation of dopamine level in the
limbic region of the brain by observing prolonged grooming time in the animals. (Ngoupaye
et al., 2018).

Tail suspension Test

After the restriction session, animals were grouped into five different groups containing six
mice each, the animal from each group were subjected to tail suspension test for the duration
of six minutes and the last two minutes was used to record the duration of immobility across
all the members from each of the groups. Despaired/depressed mice displayed prolonged
immobility time.

Animal sacrifice and collection of organs

One hour after the last behavioural test, the animals were sacrificed by decapitation (Foutsop
et al., 2023). Brain regions were dissected under aseptic conditions and stored at low
temperature (-20°C).

Brain sample preparation

The hippocampus and prefrontal cortex regions were grounded at 10 % (w/v) in a mortar.
Samples were then grounded with 0.1 M phosphate buffer containing 1 % Triton-100X in
slightly alkaline pH. The homogenates obtained were centrifuged (3000 rpm) for 15 min at
room temperature and the supernatant obtained was used to assay oxidative stress
parameters (Foutsop et al., 2023).
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The hippocampus was ground in the ratio of 7 mg organ to 100 pL grinding solution (37 %
Hydrochloric acid and Butanol). The mixture was taken to centrifuge at revolution speed of
2000 revolution per minute for a period of 10 minutes. Five hundred micro-liter of the
supernatant was added to 1250 pL of heptane and 155 pl of 0.1 Molar hydrochloric acid. This
mixture was taken for vigorous shaken until 10 minutes’ time has elapsed, then it was
centrifuged for 10 minutes at 2000 revolution per minute. The top organic supernatant was
discarded, while the sediment aqueous phase was recovered to serve as a homogenate for
biochemical assays (Schumfjf et al., 1974).

Determination of malondialdehyde levels

Malondialdehyde (MDA) reacts under heat with thiobarbituric acid (TBA) to produce a
pinkish chromophore. 250 pL of 20 % tricloroacetic acid (TCA), 500 pl of 0.67 % thiobarbituric
acid, 250 pl of homogenate and 10 pL of 0.1 % butylatedhydroxytoluene (BHT) were
introduced into a test tube. The blank tube contained all of the above, with the exception of
the homogenate. All tubes were then sealed and incubated for 10 min at 90°C. After cooling,
the tubes were centrifuged at 3000 rpm for 10 min at room temperature. The supernatant was
pipetted and read at absorbance of 532 nm using a BIORAD spectrophotometer (Smart Spec
3000, USA) against the blank and the concentration of MDA in the sample was expressed in
nmol/mg of tissue (Dimo et al. 2006).

Evaluation of reduced glutathione levels

Reduced glutathione (GSH) has the tendency of reacting with Ellman’s reagent to form yellow
coloration (Foutsop et al., 2023). A quantity of 1500 pL of Ellman’s reagent (0.1 mMolar of 5,5'-
dithiol bis-2-nitrobenzoic acid in 0.3 M phosphate buffer incorporated into 1 % sodium citrate
solvent) was added into test tubes containing 100 pL phosphate buffer (PBS) and 100 pl of
homogenate. Next, the mixture was incubated for 1 hour at room temperature. The combined
mixture was interpreted using a BIORAD spectrophotometer (Smart Spec 3000, USA) at an
absorbance reading of 412 nm against the blank. Reduced glutathione concentration of the
sample was expressed in nmol/mg of tissue (Foutsop et al., 2023).

Determination of endogenous enzyme superoxide dismutase

In this study assay was based on the tendency of superoxide dismutase (SOD) to delay the
auto-oxidation of adrenaline to adenochrome in an alkaline medium. Carbonate buffer pH=
10.2 (1660 pL) and homogenate (140 pL) were added to the tube. Exactly 0.3 mMolar
epinephrine (200 pl) was added to the tube and the stopwatch started. Three readings were
decoded with a BIORAD spectrophotometer (Smart Spec 3000, USA) against the blank, at 60,
120 and 180 seconds respectively at absorbance 480 nm. Superoxide oxidase activity was
expressed in units per mg of protein (Dimo et al., 2006).

RESULTS

Percentage recovery yield of methanol leave extract

The cold maceration of Vernonia amygdalina methanol leave extract afforded the yield of 18.6
% from a weight of 400 g powdered sample as depicted in table 1 below.

Table 1: Percentage yield of Vernonia amygdalina extract

Extract Weight of the Extract (g) Yield (%)

Methanol 400g 14.5
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The Effect of Vernonia amygdalina leaf extract on swim induced grooming in mice
The methanol leaf extract of Vernonia amygdalina increased the time of grooming significantly
(p< 0.05) in swim induced test for anhedonic behavior as shown in Figure 1
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TREATMENT

DURATION OF
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o

Figure 1: Effects of methanol extract of vernonia amygdalina in the Grooming induced Test. Data is
expressed as mean * SEM (n = 5); at p value < 0.05 in comparison to the negative control
Key; VAE= vernonia amygdalina extract CPZ= clozapine, DW= distilled water, s = Seconds

Effect of Vernonia amygdalina leaf extract on forced swim test in mice

The methanol leaf extract of vernonia amygdalina extract has decreases the time of immobility
significantly (p< 0.05) in forced swim test for despair behavior as shown in figure 2.
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Figure 2: Effects of vernonia amygdalina methanol extract in the Forced Swim Test. Data is expressed as mean
* SEM (n = 5); * indicating significance at p value < 0.05 in comparison to the negative control
Key: VAE= vernonia amygdalina extract, CPZ= clozapine, DW= distilled water S=second

Effect of Vernonia amygdalina leaf extract on forced swim test in mice
The methanol leaf extract of Vernonia amygdalina has significantly (p< 0.05) decreases the
duration of immobility in tail suspension test across all the doses as shown in figure 3.
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Figure 3: Effects of methanol extract of vernonia amygdalina in the tail suspension Test. Data is expressed as
mean * SEM (n =5); atp value <0.05 in comparison to the negative control
Key: VAE= vernonia amygdalina extract, CPZ= clozapine, DW= distilled water, s = Seconds

Effect of Vernonia amygdalina Methanol Leaf Extract on MDA in Hippocampus
The methanol leaf extract of Vernonia amygdalina significantly (p<0.05) decreased the level of
malonedialdehyde in the hippocampal region at the dose of 400 mg/kg (Table 2)
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Table 2: Effect of Vernonia amygdalina Methanol Leaf Extract on MDA in Hippocampus

GROUP _TREATMENT MDA
1 DW 10ml/kg 21.73£1.10
2 VAE 100mg/kg 21.17 +0.96
3 VAE 200mg/kg 19.36 +1.14
4 VAE 400mg/ kg 14.26 +1.71*
5 CZP 25mg/kg 12.22 +0.57*

Key; mg/kg= milligram per kilogram, MDA=Malondialdehyde, VAE= Vernonia amygdalina, CZP = clozapine

Effect of Vernonia amygdalina Methanol Leaf Extract on SOD in Hippocampus
The methanol leaf extract of Vernonia amygdalina increases the level of superoxide dismutase
significantly (p<0.05) in the hippocampal region at the dose of 400 mg/kg (Table 3)

Table 3: Effect of Vernonia amygdalina Methanol Leaf Extract on SOD in Hippocampus

GROUP __ TREATMENT SOD
1 DW 10ml/kg 29.66 + 4.95
2 VAE 100mg/kg 32.87 +2.70
3 VAE 200mg/kg 37.76 + 2.60
4 VAE 400mg/kg 44.21 +0.98
5 CZP 2.5mg/kg 44.42 +141*

Key; mg/kg= milligram per kilogram, VAE= Vernonia amygdalina, SOD= Superoxide dismutase, CZP = clozapine

Effect of Venonia amygdalina Methanol leaf extract on GSH in hippocampus
The methanol leaf extract of Vernonia amygdalina significantly (p<0.05) increases the level of
reduced glutathione in the hippocampal region at the dose of 400 mg/kg (Table 4)

Table 4: Effect of Venonia amygdalina Methanol leaf extract on GSH in hippocampus.

GROUP TREATMENT GSH
1 DW 10ml/kg 13.45 + 0.62
2 VAE 100mg/kg 14.94 £1.16
3 VAE 200mg/ kg 18.65 + 1.43
4 VAE 400mg/kg 19.80 +1.03*
5 CZP 2.5mg/kg 20.94 + 0.89*

Key; mg/kg= milligram per kilogram, VAE= Vernonia amygdalina, GSH= Reduced glutathione, CZP = clozapine

DISCUSSION

The study evaluated the antidepressant effect of the methanol leaf extract of Vernonia
amygdalina under prolonged stress. Number of tests were employed to assess antidepressant
effect including the forced swimming test (FST), tail suspension test (TST) and the swim
induced grooming (SIG). The FST was employed to assess depressive-like behaviours and
identify the potential of antidepressant drugs such as selective serotonin reuptake inhibitors
(SSRIs), other types of tricyclic antidepressants, monoamine oxidase inhibitors and many
others (Ngoupaye et al., 2014). This test is based on the hypothesis that immobility reflects a
measure of behavioral hopelessness which is a depression-like behavior (Cryan et al., 2005).

In the FST, rats were forced to swim in a flask of container space with no escape. Thus, after
an initial period of vigorous activity, they moved only to keep their heads above water. SSRIs
are known to reduce immobility following chronic administration in rodent. The methanol
leaf extract of Vernonia amygdalina graded dose reduced the immobility time observed in FST
in dose-dependent manner suggesting that Vernonia amygdalina leaves have potential
antidepressant effect. Antidepressants that enhance serotonergic neurotransmission are
known to result in prolonged swimming time in the FST, while those that increase
noradrenergic neurotransmission lead to longer climbing time (Cryan et al. 2005). As reported
in clozapine (2.5 mg/kg), the 400 mg/kg methanol leaf extract of V. amygdalina increased
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swimming time in the forced swim test. This suggests that the serotonergic and dopaminergic
pathways may be involved in the activity of V. amygdalina. Despite their ineffectiveness in
treating depression, certain antidepressants are known to decrease immobility in the FST. This
may be due to the fact that some agents do inhibits dopaminergic receptors in the mesolimbic
region of the brain, thereby inactivating or depressing the reward neural circuitry within the
ventral tegmental area, nuclear accumben and hippocampus regions.

Depression is generally accompanied by anhedonia, which is one of its characteristic
symptoms (Matraszek-Gawron et al., 2023). Indeed, a decrease in grooming time indicates
anhedonia, which reflects the loss of the ability to feel pleasure (Moore et al. 2018). Just like
clozapine, Vernonia amygdalina at higher dose significantly increased grooming time. These
claims were confirmed in the swim induced grooming which was significantly increased for
the mice that received the Vernonia amygdalina at the higher dose compared to the negative
control, disclosing the ability of the extract to annul the reduction in reward-seeking
behaviour which occurred in chronically restricted and untreated animals.

Depression has multiple causes, with involvement from various brain regions (such as the
hippocampus and prefrontal cortex), as well as complex neural pathways (Trifu et al. 2020).

At the molecular level, oxidative stress is a key contributor to the development of depression,
influencing its progression through various mechanisms (Bhatt et al. 2020). Mitochondrial
function is closely linked to oxidative stress and overproduction of reactive oxygen species
through mitochondrial dysfunction or reduction in antioxidant defence can cause oxidative
damages, particularly in the brain where overproduction of the latter is implicated in many
psychiatric disorders, such as depression (Khan et al. 2023). Indeed, the brain is particularly
prone to oxidative stress because it contains a large quantity of transition metals and
polyunsaturated fatty acids that are susceptible to lipid peroxidation, in addition to its high
rate of oxygen consumption and limited antioxidant defense (Ng et al. 2008). In Depression
pathophysiology oxidative stress is greatly implicated and this has been evident by higher
levels of MDA in negative control animals. Therefore, mice in the negative control group
exhibited a considerable increase in MDA and nitric oxide levels in the hippocampus,
indicating that persistent restriction led to an increase in oxidative stress-related parameters.
All doses of V. amygdalina methanol extract, however, markedly decreased these parameters'
levels in the hippocampus. However, the methanol extract of Vernonia amygdalina at all doses
significantly reduced the levels of these parameters in the hippocampus.

In addition, as with clozapine, the doses of Vernonia amygdalina at 100, 200 and 400 mg/kg
revealed an appreciable increase in tissue levels of reduced glutathione, superoxide dismutase
compared to the negative control group. The Vernonia amygdalina demonstrates antioxidant
properties by neutralizing free radicals. Indeed, this can be explained by the presence of
polyphenols in the Vernonia amygdalina which are known to have antioxidant activity (Xia et
al. 2021).

Excessive production of reactive oxygen species can lead to the destruction of phospholipids
and reduce the flexibility of the cell membrane (Hussain et al., 2019). These changes can affect
the density and function of serotonin, dopamine and noradrenaline, which have important
roles in the pathophysiology of depression (Bal et al. 2012). Indeed, the increase in ROS and
reactive nitrogen species resulting from high levels of oxidative stress severely damages
deoxyribonucleic acid nucleotides and alters the production of these neurotransmitters
(Hussain et al, 2019). Depression would therefore result from the dysfunction of
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monoaminergic transmission systems, following a decrease in the levels of neurotransmitters
involved such as serotonin, dopamine and noradrenaline (Patillon, 2014).

CONCLUSION

Owing to the findings of this study, it can be concluded that methanol leaf extract of Vernonia
amygdalina demonstrated a considerable antidepressant effect invivo. This effect is mediated
via the modulation of oxidative stress, the involvement of the serotonergic and dopaminergic
neurotransmission through the release of serotonin and dopamine, supported by the
reduction of immobility time and increase in grooming time assessed in the SIG.
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