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ABSTRACT 

Acacia seyal is a small to medium-sized tree, growing up to 17 m tall and 60 cm in 

diameter and is native to Sudan, Nigeria and several other African countries. It is 

reported to be used in Zaria, North western Nigeria for the management of depression. 

The present study investigated the antidepressant like activity of the methanol root bark 

extract of Acacia seyaland its possible mechanisms of action.The preliminary 

phytochemical screening of the methanol root bark extract of Acacia seyalwas carried 

out. The acute toxicity study (LD50) was carried out using oral OECD 425 guidelines. 

The Irwins test was carried out to assess the effect of the methanol root bark extract of 

Acacia seyal on some autonomic, neurological and behavioural parameters. The 

antidepressant activity of the methanol root bark extract of Acacia seyal(250, 500 and 

1000 mg/kg) was evaluated using the Tail suspension test (TST) and forced swim test 

(FST) followed by the test for motor coordination and stimulant activity using beam 

walking assay (BWA) and open field test (OFT) respectively.Furthermore, the possible 

mechanism of action of the extract was determined using the following antagonists; 

cyproheptadine, metergoline, prazosin, yohimbine, sulpiride atropine, L- arginine and 

L-NNA. Subsequently the extract was further subjected to chronic unpredictable mild 

stress (CUMS) following CUMS the effect of the extract was assessed on sucrose 

preference, OFT and TST. The phytochemical screening of the methanol root bark 

extract of Acacia seyal revealed the presence of alkaloids, tannins, cardiac glycosides, 

steroids, triterpenes, flavonoids and saponins. The median lethal dose was estimated to 

be greater than 5000 mg/kg in mice which shows the extract is relatively safe. The 

extract at all doses tested did not significantly produce neurological, autonomic and 

behavioural changes in mice. The extract at all doses tested did not significantly alter 

the number of foot slips nor the number of line crossing in OFT and BWA 
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respectively.The extract at all tested doses significantly (p<0.05) decreased duration of 

immobility in the TST and FST in mice. The antidepressant like activity observed in 

theextract at the highest dose tested (500 mg/kg)in the TST was blocked 

byintraperitonealpretreatment with sulpiride(50 mg/kg), metergolnie (1 mg/kg), 

cyproheptadine (4mg/kg), prazosin(1 mg/kg), yohimbine (1 mg/kg), atropine (1 

mg/kg,), L-arginine, L-NNA (50 mg/kg) and Naloxone (2 mg/kg). The extract at 500 

mg/kg significantly (p<0.05) alleviated the CUMS decreased duration of immobility. The 

extract at all doses testeddid not significantly alter sucrose consumption in mice. All doses 

testedsignificantly (p<0.05) decreased the plasma levels ofcortisol and increased the 

concentrations of brain derived neurotrophic factor (BDNF) following CUMS in mice.  These 

findings suggest that the methanol extract root bark of Acacia seyalis relatively safe and 

possesses antidepressant like activity which may possibly be mediated via 

monoaminergic, opioidergic, cholinergic, nitric oxide pathway, neurotrophic and 

neuroendocrine systems. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Preamble 

Depression is a common mental disorder that presents with low mood, loss of interest or 

pleasure, decreased energy, feelings of guilt or low self-worth, disturbed sleep or 

appetite, and poor concentration (WHO, 2006), and often comes with symptoms of 

anxiety. These problems can become chronic or recurrent and lead to substantial 

impairments in an individual‘s ability to take care of his or her everyday 

responsibilities. At its worst, depression can lead to suicide and almost 1 million lives 

are lost yearly due to suicide, which translates to 3000 suicide deaths every day. For 

every person who commits suicide, 20 or more may attempt to end their life (WHO, 

2012). 

 

About 322 million people are living with depression worldwide and this has increased 

by 18.4% between 2005 and 2015 (WHO, 2017). Prevalence rates vary by age, peaking 

in adulthood (7.5% among older females and 5.5% among males) out of which 25% of 

patients develop chronic depression (Ferrari et al., 2013a). Depression also occurs in 

children and adolescent below the ageof 15 years, but incidence is low (Ford et al., 

2003). 

 

 As described in the Diagnostic and Statistical Manual of Mental Disorders, 5th edition 

(DSM- V), the hallmark of major depressive disorder (MDD) is the occurrence of 

depressed mood (dysphoria) and loss of interest in activities that used to be pleasurable 
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in the past (anhedonia) for a duration of at least two weeks (APA, 2013). These 

symptoms must also be accompanied by at least four of the following manifestations: 

changes in appetite or weight, sleep patterns, altered psychomotor activity, feelings of 

worthlessness or guilt, difficulty concentrating or making decisions and recurrent 

thoughts of death or suicidal ideation. 

 

The treatment of depressive symptoms involves the use of antidepressants such as the 

tricyclic antidepressants (TCAs) and selective serotonin reuptake inhibitors (SSRIs). 

However, these drugs have significant adverse effects following long period of usage. 

Herbal antidepressants are increasingly being introduced to treat severe depression and 

are reported to have efficacy rate comparable to the medications with fewer side effects 

(Woode et al., 2010). 

 

1.2 Statement of Research Problem 

Depression is a major cause of disability, affective and cognitive impairment (Ford et 

al., 2013). Depression has been estimated to be the single biggest burden of health 

conditions by 2030 (WHO, 2011). The prevalence of major depression is higher in 

women (5.5%) than in men (3.2%) (Baxter et al., 2014; Albert, 2015). Feelings of 

helplessness, Suicide and death are complications of depressive illness occurring in up 

to 15% of patients (Galynker, 2017). In Nigeria, depression is common among people 

with HIV/AIDS, civil servants and among university students (Chikezie et al., 2013). 

Current antidepressants have poor efficacy and high toxicity profile, therefore 

necessitating the search for novel drugs with better efficacy and safety (Han et al., 

2013; Khan et al., 2014). 
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1.3 Justification of the Study 

Depression is a disease that affects men, women and children and if not treated leads to 

serious complications such as suicide (Weller et al., 2006). Conventional 

antidepressants currently in use have high side effects with low efficacy. Hence, there is 

growing interest in complementary and alternative medicine among depressed patients 

with the general belief that ―Natural is better‖ (Sarris and Kavanagh, 2009; Ravindran et 

al., 2016). Currently, there is widespread use of complementary and alternative 

medicine in the treatment of physical and psychiatric symptoms and disorders within 

Western populations (Van der Watt et al., 2008; Fajemiroye et al., 2016). Medicinal 

plants validated to have therapeutic activity are conserved from extinction (Zheng et al., 

2010). 

Globally, there is increased use of medicinal plants as substitutes for orthodox drugs in 

the management of diseases (Sarko, 2000; Tiwari and Mehta, 2013).  

 

1.4 Aim of the Study 

The aim of this study is to evaluate the antidepressant activity and determine the 

possible mechanism(s) of action of the methanol root bark extract of Acacia seyal 

 

1.5 Specific Objectives 

I. To determine the classes of phytochemical constituents present in the methanol 

root bark extract of Acacia seyal. 

II. To determine the acute toxicity of the extract.  
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III. To evaluate the antidepressant activity of the extract. 

IV. To establish the possible receptor mechanism(s) of action of the extract. 

V. To determine the inherent neurotropic and neuroendocrine mechanism in the 

antidepressant activity of the extract. 

 

1.6 Research Hypothesis 

The methanol root bark extract of Acacia seyal possesses antidepressant activity in 

mice. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Depression 

Depression is a mood disorder characterized by symptoms such as sadness, loss of 

interest, anhedonia (loss of pleasure), lack of appetite, feelings of guilt, low self-esteem 

or self-worth, sleep disturbance, feelings of tiredness and poor concentration (WHO, 

2012).  The individuals in such conditions feel anxious, desperate, irritable, and have 

poor self-worth (Ingram, 2016). In severe conditions (major depressive disorder), 

physical changes such as helplessness and hopelessness, inability to concentrate, 

insomnia, loss of appetite, loss of interest in what they usually find pleasurable, feelings 

of extreme sadness and guilt, which could be accompanied by thoughts of death. 

Depression can be recurrent or long-lasting resulting in substantial impairment in ability 

to function (Marcus et al., 2012). 

 

2.2 Pathophysiology of Depression 

Despite the complexity and heterogenecity of the disorder a lot of theories were 

developed to describe the pathophysiology of depression. They include; biogenic amine 

hypothesis, dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis and genetic 

and Environmental factors (Brigitta, 2002; Nemerroff, 2008). Other possible 

mechanisms include neurogenesis (Eisch and Petrik, 2012; Gulbins et al., 2015), 

increased inflammatory cytokines secretion (immunologic factors), elevated levels of 
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corticotrophin-releasing factor (CRF), and abnormalities of second messenger systems 

(Connor and Leonard, 1998; Hammen, 2005; Sharpley and Agnew, 2011). 

2.2.1 Biogenic amine hypothesis 

The brain contains vast numbers of monoaminergic neurons and each play a vital role in 

brain function.  The noradrenergic neurons spread from the brain stem to almost all 

brain areas where norepinephrine (NE) modulates the function of the prefrontal cortex, 

the processing of working memory and regulates behaviour and attention (Atzori et al., 

2016; Maletic et al., 2017). Serotonin (5-hydroxytryptamine: 5-HT) innervates all brain 

areas and is the largest cohesive neurotransmitter system in the brain (Delgardo and 

Morena, 2006), while Dopamine (DA) modulates reward and motivation functions, 

working memory and attention (Grace, 2016). 

 

Monoaminergic systems are instrumental to many behavioural symptoms, such as low 

mood, alertness, reduced motivation, fatigue, and psychomotor agitation or retardation 

(Stahl, 1998; Treadway, 2016). Alterations in cerebral 5-HT levels have been linked to 

changes in behavioural and somatic functions (including appetite, sleep, sex, pain 

response, body temperature and circadian rhythm) that are seen in depressed individual 

(Maes and Meltzer, 1995). Several postmortem studies have demonstrated low 5-HT 

levels in the brains of depressed patients compared to non-depressed patients further 

ascertaining the role of monoamines in depression (Stanley et al., 1982; Stockmeier, 

2003). Similarly, DA abnormalities have been linked to impaired motivation, 

concentration and aggression (Seo et al., 2008), while dopamine transmission may 

improve cognitive outcomes including decision making and motivation (Salamone et 

al., 2016).  
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Most fundamental brain functions depend on the presence and actions of various 

neurotransmitters at the pre- and post-synaptic membranes of the billions of neurons in 

the brain, and there is evidence to support the role of specific neurotransmitters in the 

development and clinical manifestations of depression (Nemeroff, 1988; Brigitta, 2002). 

This hypothesis is also known as the "monoamine hypothesis‖ and proposes that the 

reduced availability of these major monoamine neurotransmitters (5HT, NE, and DA) 

results in decreased neurotransmission and impaired cognitive performance which may 

lead to depression (Coppen, 1967; Barchas and Altemus, 1999). The functional 

deficiency of monoamines seen in depression could also be as a result of decreased 

protein transporter functions and abnormalities in the neurotransmitter receptor function 

(Brigitta, 2002). 

 

2.2.2 Genetic and environmental factors 

Genetic means has been shown to play a major role in the development of depression 

(Jones and Craddock, 2001; Klein et al., 2004; Mondimore et al., 2006), with chances 

of inheritance greater in women than in men (Kendler et al., 2001), corroborating the 

higher incidence and prevalence of most forms of depression in women (Yatham et al., 

1997; APA, 2013). Genes have been found to cause the development of depression, 

(Irie et al., 2008; Hong et al., 2009). Some of these genes include the apolipoprotein E 

(APOE ԑ2 and APOE ԑ4), guanine nucleotide-binding protein (GND3), methylene 

tetrahydrofolate reductase (MTHFR 677T), dopamine transporter (SLC6A3), the 

serotonin transporter (SLC6A4) and the dopamine receptor gene (DRD 4) (Kang et al., 

2007). 
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Researches by Sharpley and Agnew (2011) provided basis for the development of 

depressive symptoms based on the specific associations of genes with depression. For 

example, two out of four apolipoprotein E isoforms (APOE ԑ2 and ԑ4) were reported to 

possess significant association with depression (Dong et al., 2009; Yuanet al., 2010). Of 

these, APOE ԑ4 has been linked to reduced brain anatomical structure implicated in the 

development of depression (Qiu et al., 2009) with resultant decrease in cognitive 

function in depressed individuals On the other hand, APOE ԑ2 is considered to be a 

protective gene for MDD (Yuan et al., 2010). 

 

Environmental stress and adverse life events play a role on the development of 

depression, and several researches reported an excess of severely life threatening events 

before the onset of depression (Brown et al., 1994; Paykel, 2011). Notable life events 

such as death of a spouse, marital separation, loss of job or redundancy and retirement, 

unwanted pregnancy, social isolation, rape, childhood abuse, war and major accidents 

(Brown et al., 1996; Kessler, 1997; Kendler et al., 2005). These stressful life events can 

limit improvement and increase the probability of depression relapse (Paykel et al., 

1996). 

 

It is known that the stress system and depression share many common mediators and 

circuitries (Gold et al., 1988) and that stress has a significant role in precipitating and 

influencing the clinical course of depression (Gold et al., 2015). The absence of stress 

may confer some protection against the development of depression (Kendler and 

Halberstadt, 2013), thus, depression could be explained as a possible outcome of 
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dysregulation of the stress response system (Gold et al., 1988). Evidence from 

experimental animal studies suggests stress induces structural and functional changes in 

the brain (Duman, 2009). Following exposure to various stressors, structural changes in 

the prefrontal cortex, amygdala, hippocampus and nucleus accumbens were reported 

and shown to contribute to the development of depression (Rajkowska and Miguel-

Hidalgo, 2007). 

 

2.2.3 Neuroendocrine  

A number of endocrine system abnormalities have been identified as possible 

contributors to the etiology of depression. These include altered growth hormone (GH) 

levels, thyroid hormone abnormalities and Hypothalamus-Pituitary-Adrenal (HPA) axis 

dysfunction (Thase and Howland, 1995; Segerstrom and Miller, 2004).  

2.2.3.1 Growth hormone 

The role of pituitary hormones such as Growth hormone in the development of 

depression has been investigated via their direct and indirect influences on the NE 

(Brigitta, 2002) Growth hormone release (stimulated by catecholaminergic 

mechanisms) and responses is defective in depressed patients when compared to healthy 

individuals (Greenberg et al., 2003; Atake et al., 2014). In GH challenge tests using 

apomorphine and clonidine, patients with recurrent major depression exhibit ‗flat‘ or 

‗blunted‘ GH responses compared to healthy subjects (Charney et al., 1984; Hoehe et 

al., 1986). This suggest an intrinsic abnormality in the GH system to be responsible for 

the flat GH response seen in patients with recurrent major depression (following the GH 

challenge tests), thus implicating GH in depression. 
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2.2.3.2 Thyroid Hormone 

The active forms of thyroid hormones, tri-iodothyronine (T3) and tetra-iodothyronine 

(T4), are produced by the thyroid gland following stimulation by Thyroid Stimulating 

Hormone (TSH) from the pituitary. Secretions of TSH is modulated by the 

hypothalamic hormone Thyrotropin Releasing Hormone (TRH) (Chiamolera and 

Wondisford, 2009). The T3 and T4 regulate the overall metabolism in the human body 

(Mullur et al., 2014) and experimental findings suggest that alterations in thyroid 

function could be a possible link to the development of depression (Duval et al., 1999; 

Altshuler et al., 2001; Hage and Azar, 2012). This could be responsible for some 

symptoms of depression such as weight loss, sleep disturbance and psychomotor 

agitation (Duval et al., 1999; Peng and Li, 2017). Similarly, T3 administration is an 

effective adjunctive therapy for many patients with depression (Cooper and Lerer, 2010; 

Hage and Azar, 2012). The precise mechanism by which thyroid hormone abnormalities 

contribute to the genesis of depression is yet to be fully elucidated, with a link found 

between Thyroid hormone precursor and depression (Szpunar and Parry, 2018). 

However, findings showed that T3 and T4 increase cortical 5HT secretion indicating that 

thyroid hormones act indirectly through the serotoninergic system (Gur et al., 1999).  

2.2.3.3 Hypothalamic-pituitary-adrenal axis 

The Hypothalamic-Pituitary-Adrenal (HPA) axis also plays significant contributions to 

the development of depression (Vreeburg et al., 2009; Sher et al., 2013; Martinac et al., 

2017). Hypothalamic-Pituitary-Adrenal (HPA) axis revealed that depressed individuals 

to have corticotrophin releasing factor (CRF) and cortisol hyper-secretion, 

dysfunctional glucocorticoid feedback mechanisms, inadequate HPA axis suppression 
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in response to exogenous glucocorticoid administration and impaired corticosteroid 

receptor signalling (Rubin et al., 1989; Holsboer, 2000; Juruena, 2014). 

 

Some depressive signs and symptoms such as excessive personal guilt and 

hopelessness, decreased appetite, weight loss, decreased sexual behaviour, disrupted 

sleep, altered psychomotor activity, and overactive response to psychological stressors 

were shown to be associated with HPA axis dysfunction (Gillespie and Nemeroff, 2005; 

Lopez-Duran et al., 2009). Atypical presentation is in Cushing‘s disease or syndrome (a 

clinical condition in which there is hyper-secretion of cortisol) where individuals come 

down with depression as a symptom (Brigitta, 2002). 

 

Corticotrophin Releasing Factor plays a regulatory role in HPA axis activity (Herman 

and Cullinan, 1997), increasing adrenocorticotropic hormone (ACTH) secretion from 

the anterior pituitary, which in turn stimulates the release of cortisol from the adrenal 

gland. In addition, CRF is also found in extra-hypothalamic brain regions where it 

functions as neurotransmitter coordinating the behavioural, autonomic, endocrine and 

immune responses to stress (Smith and Vale, 2006; Bonfiglio et al., 2011). It is these 

functions that may underlie CRF‘s role in the development of depression (Gillespie and 

Nemeroff, 2005). 

 

2.2.4 Role of inflammatory cytokines in depression  

In current literature, a number of immunologic or inflammatory cytokines have been 

implicated in the pathogenesis of depression (Strawbridge et al., 2017). These include 
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interleukins IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10 and interferon gamma, CRP, TNFα, 

and the chemokine monocyte chemoattractant protein-1 (Strawbridge et al., 2017). The 

idea that cytokines could have a possible role in the development of depression follows 

various studies linking chronic stress (a major factor in depression pathology) with 

altered immune function (Dhabhar, 2000; McEwan, 2000). A number of possible 

mechanisms have been proposed as direct or indirect links between depression and 

cytokines (Raison et al., 2006). In addition, some studies which demonstrated an 

association between inflammatory cytokines and depression were confounded by factors 

such as personality, gender or body mass index (Miller et al., 2009). Moreover, 

inflammatory pathways may not be solely responsible for depression as anti-

inflammatory drugs (e.g., Cyclooxygenase inhibitors) are ineffective in resolving the 

symptoms (Dunn, 2008).  

 

Other pathways utilized by peripheral inflammatory cytokines to produce depression 

include crossing the blood brain barrier to induce neuroinflammation (McCusker and 

Kelley, 2013). However, identifying markers of inflammation that have an entirely 

cerebral origin is indicative of a more central role for neuroinflammation in depression 

pathophysiology (Setiawan et al., 2015). As the case with sickness, the presence of 

neuroinflammation in specific brain regions may contribute to behavioural responses 

which overlap with the symptoms of MDD. 

 

 2.2.5 Neurogenesis 

Neurogenesis in adult individuals involves the generation of entirely new neurons and 

neuronal connections in the dentate gyrus of the hippocampus and the sub-ventricular 
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area of the lateral ventricles (Curtis et al., 2012; Miller et al., 2013). In the case of 

depression, reduction in adult neurogenesis capacity was proposed to cause depression 

(Malberg and Duman, 2003; Henn and Vollmayr, 2004). However, a number of animal 

studies and experimental manipulations which reduced neurogenesis capacity in the 

brains of experimental animals have demonstrated depression-like behaviours (Sahay 

and Hen, 2007; David et al., 2009). Neurogenesis is essential for restoration of 

hippocampal structure and function, which may itself be accompanied by improved 

depression symptomatology (Hanson et al., 2011). Many anti-depressant therapies (e.g. 

Monoamine oxidase inhibitors, Tricyclic antidepressants, and Mood stabilizers) have 

been shown to facilitate neurogenesis and as such improved depression therapy (Mnie-

Filali et al., 2007; Bjornebekk et al., 2010; Gulbins et al., 2015). 

 

Research has shown that antidepressant therapy significantly decreased ceramide levels 

(a fat molecule in the brain which blocks cell growth), thus enhancing neurogenesis 

(Gulbins et al., 2015). However, it should be noted that conflicting results in 

neurogenesis research and depression pathophysiology exists, for instance, the ablation 

of neurogenesis in experimental animals does not always produce depressive symptoms 

(Jayatissa et al., 2010), and a number of antidepressant effects are neurogenesis-

independent (David et al., 2009). Nevertheless, researchers in the field of depression 

agree that neurogenesis remains a significant factor in the understanding of the 

pathophysiology and treatment of depression (Sahay and Hen, 2007; Eisch and Petrik, 

2012). 
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2.3 Etiology of Depression 

2.3.1 Environmental factors 

Depression is commonly perceived as a reaction to negative environmental 

circumstances such as acute negative life events, chronically stressful life 

circumstances, and exposure to adversity in childhood (Afifi et al., 2006). 

2.3.1.1 Acute life events 

A major risk factor for depression is the experience of undesirable and negative life 

events. There is ample evidence that most major depressive episodes are triggered by 

stressful life events (Kessler, 1997; Hammen, 2005). Stressors were 2.5 times more 

likely in depressed patients compared with normal individuals with eighty percent of 

depressed cases preceded by major negative life events. Most assessment methods 

survey the occurrence of stressors within the past 1 to 6 months in relation to 

depression, (Kendler et al., 2005). Immigrants and refugees experience lengthy or 

permanent separation from immediate and extended family, with loss of home, 

property, cultural ties, and customs affecting these communities. The impact of these 

experiences on the psychological functioning of individuals in these communities is 

profound with rates of depression reportedly high among these groups (Aguilar-Gaxiola 

et al., 2008). From biological and sociological perspectives, women are likely to be 

more concerned about others‘ reactions to them, as well as reactive to the needs of 

others (Cyranowski et al., 2000). Immigrant women may experience significant losses 

of social support and a sense of isolation on moving to a different country, and this loss 

may be manifested in a grieving process. The isolation may be related to unfulfilled 

relationships, or it may result from separation from or loss of family. Thus, women may 
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be especially likely to be depressed in response to stressful social loss experiences and 

even to the negative experiences of those in their social networks (Shatell et al., 2008). 

Gender differences in depression may be accounted for in part by women‘s greater 

exposure to interpersonal life events, as well as their greater likelihood, compared with 

men, of reacting to such events with depression. Results of studies of adults have been 

mixed with regard to whether or not women experience more overall recent stressors 

(Spangler et al., 1996 and Kendler et al., 2001), Several studies have found that 

adolescent females have higher levels of exposure to recent stressors than do males (Ge 

et al., 1994; Shih et al., 2006; Kulesza et al., 2014). Moreover, several studies have 

shown that at comparable levels of acute stressors, women had higher levels of 

depressive symptoms than did men (Maciejewski.,et al2001; Shihet al., 2006). In 

general, however, the risk factors for depression in men are likely to be very similar to 

those of women, involving complex interactions among environmental and 

neurobiological factors at different developmental stages (Kendler et al., 2006). Acute 

stress may precipitate depression in vulnerable individuals, it is more in individuals with 

depression and those with history of depression experience than those without 

depression (Hammen, 2006).  

2.3.1.2 Chronic stress 

Another source of depression although not as commonly studied is exposure to 

enduring, long-term stressful circumstances. Many studies of stress-depression 

associations have not adequately distinguished between the effects of ongoing and acute 

stressors (Caspi et al., 2003), and failure to do so makes it difficult to fully explicate the 

mechanisms by which stressors have their effects on depression.  
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Racial and other forms of discrimination are stressors, and, depending on the type of 

discrimination, such as racial, gender, age, or even social class, they can be either 

chronic or acute stressors (Banks and Kohn-Wood, 2007) and can increase risk of 

depression as such. Discrimination, however, can also impact beliefs, self-concept, and 

coping in ways that increase risk for mood disorders, including depression (Gee et al., 

2007). 

2.3.1.3 Exposure to Early Adversity 

There exists a link between childhood exposure to adversity and the development of 

depression in adolescence or adulthood. One research strategy studies associations 

between a single specific experience, such as sexual abuse or physical or emotional 

maltreatment, and depression. There is ample evidence from mostly retrospective 

community and clinical studies of a significant association between childhood sexual or 

physical abuse and adult depression particularly among women (MacMillan et al., 

2001) and similar results from prospective studies (Brown etal., 1994). Some studies 

suggest that abuse experiences are especially predictive of chronic or recurrent 

depression (Bifulco et al., 2002). However, several studies suggest that physical and 

sexual abuse is related to diverse adult psychological disorders, not specifically to 

depression. A large study of psychiatric outpatients found that childhood emotional 

abuse was most specifically related to depression compared with sexual or physical 

abuse (Gibb et al., 2003; Alloyet al., 2006). 

 

The mechanisms by which specific childhood stressors, such as physical or sexual 

abuse, have their effects on later depression are not known directly. However, such 

experiences are highly likely to occur in the context of parental lack of care, plus 



17 
 

exposure to high levels of chronic and episodic stressors. Such environments contribute 

to dysfunctional cognitions and coping skills that increase vulnerability to depression. 

Neurobiological mechanisms may also be implicated, with the speculation that severe 

stress early in life alters the brain‘s neuroregulatory processes, which promote 

susceptibility to depression (Heim and Nemeroff, 2001). Exposure to adverse conditions 

in childhood may sensitize the youth to stress, so that it may take minimal exposure to 

later stressful life events to precipitate depression in them compared with those without 

childhood adversity (Hammen et al., 2000; Harkness et al., 2006). 

 

2.4 Epidemiology 

Currently, 29% of the world population suffer from depression, considered to be one of 

the 10 leading causes of death (Grundmann et al., 2010; Singer et al., 2011; Cassani et 

al., 2015) According to the World Health Organization, depression will be the second 

leading disease in the developed countries in 2020 (Abbasi et al., 2013). 

 

Depression is one of the leading causes of disability worldwide. In the United States, 

the 1-year prevalence of major depressive disorder is 2.7% to 10.3% which is 

approximately 16 million people (Kessler et al., 1996; Brody et al., 2018) and the 

lifetime cumulative incidence is 16.2% to 17.1%. In 2010, depressive disorders 

accounted for about 3% of all disability-adjusted life years worldwide (Whiteford et 

al.,2013; Ferari et al., 2013b). Depression is a major contributor to the global burden of 

disease and affects people in all communities across the world (Murugan et al., 2011). 
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The lifetime prevalence for major depression is reported to be as high as 14-17% and 

the one-year prevalence is 4-8%. The lifetime prevalence rates of MDD among women 

are 10-25%, and for men 5-12% (Garriock, 2006; WHO, 2012; Lim et al., 2018). 

Almost 10% of the total burden of disease in sub-Saharan Africa is attributed to 

neuropsychiatric disorders (Tomlinson et al., 2009).  

 

2.5 Treatment of Depression 

Antidepressant drugs remain one of the main forms of effective treatment for the 

amelioration of depressive symptoms (Layous et al., 2011). These drugs help in the 

reduction in symptoms of depressive disorders by altering chemical imbalances of 

neurotransmitters in the brain. The change in mood and behaviour is due to chemical 

imbalance. Neurotransmitters are the communication link between neurons in the brain. 

Neurotransmitters are located in vesicles found in nerve cells. The neurotransmitters 

such as serotonin, dopamine and noradrenaline or norepinephrine are released by the 

axonic end of one nerve and received by the other; the phenomenon called as reuptake. 

The antidepressants inhibit reuptake of neurotransmitters through selective receptors or 

channels thereby increasing the concentration of specific neurotransmitter around the 

nerves in the brain (Heninger et al., 1996). 

2.5.1 Monoamine oxidase inhibitors 

Monoamine oxidase (MAO) inhibitors such as iproniazide, phenelzine, isocarboxazid, 

tranylcypromine, selegiline and other irreversible inhibitors of the catabolic enzymes, 

result in an increase in monoamine levels in many regions of the central nervous system 

(McIntyre et al., 2015). Monoamine oxidase inhibitors indirectly recruit a variety of 



19 
 

receptors postsynaptic to monoaminergic neurons and exert a broad monoaminergic 

action. It has been shown that the irreversible inactivation of MAO enhances the 

activity of mesolimbic dopaminergic pathways (Taylor et al., 2013) and down regulates 

postsynaptic b-adrenergic receptors and inhibitory a2-adrenergic autoreceptors (Szegedi 

et al., 2009). It also desensitizes 5-HT1A as well as postsynaptic populations of 5-HT2C 

receptors (Reynolds et al., 2011). 

Antidepressant effect of MAO inhibitors is clinically established (Thase and Howland, 

1995) to be similar to and other antidepressants such as selective serotonin reuptake 

inhibitors (SSRIs) (Papakostas and Fava, 2007). However, they do differ with respect to 

their side effect profiles. These drugs are less prescribed because of the many unwanted 

effects related to their potent activity on a broad number of cholinergic, adrenergic, and 

histaminergic receptors. 

2.5.2 Tricyclic antidepressants 

Tricyclic antidepressants (TCA) have long been established as effective agents in the 

treatment of depressive disorders. Tricyclic agents such as amitriptyline and imipramine 

combine the blockade of both 5-HT and noradrenaline (NA) reuptake sites in 

circumscribed limbic regions (Mojtabai, 2014). Desipramine is the more noradrenergic 

agent, imipramine inhibits the reuptake of both norepinephrine and serotonin, and 

clomipramine is the most serotonin selective member of this class. As a reduced 

dopaminergic tone in the frontal cortex can contribute to depressive states (Willner et 

al., 2005), Trycyclic antidepressants may also strengthen frontocortical dopaminergic 

transmission through the regulation of NA transporters (Millan et al., 2000). For some 

other TCAs, such as amitriptyline and clomipramine, a significant affinity for 5-HT2C 

and 5-HT2A receptors subtypes has been reported (Tatsumi et al., 1997; Sanchez and 
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Hyttel, 1999), which may contribute to their antidepressant actions (Reynolds et 

al.,2006). Trycyclic antidepressants are competitive antagonists at the muscarinic, 

histaminergic, α1 and α2 adrenergic receptors, which result in their characteristic side-

effect profile. 

 

Amitriptyline, imipramine, and doxepin has the highest anticholinergic activity, 

whereas nortriptyline and desipramine are less anticholinergic (Sadock and Sadock, 

2003; Richelson, 2003). Anticholinergic side effects include dry mouth, constipation, 

urinary retention, blurred vision, confusion, and delirium. The discontinuation 

syndrome is mostly related to cholinergic rebound.  

 

Sedation is the most common side effect of TCA and is a result of anticholinergic and 

antihistaminergic effects (Wilson and Argyropoulos, 2005). The blockade of a1-

adrenergic receptors perturbs cardiovascular function (Glassman, 1998). TCAs may 

slow down cardiac conduction, causing intraventricular conduction delay, 

atrioventricular block, flattened T waves, depressed ST segments, and prolonged QT 

intervals (Roose et al., 1989). All TCAs can cause tachycardia, which is one of the most 

common reasons for stopping them. Nortriptyline is the least likely to cause orthostatic 

hypotension. Weight gain and sexual side effects are also common with TCAs (Masand 

and Gupta, 2002; Rush et al., 2011). 

2.5.3 Norepinephrine reuptake inhibitors 

The morpholinone derivative reboxetine is the first selective norepinephrine reuptake 

inhibitor (NRI). Reboxetine is effective in patients with moderate to severe depression 
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(Montgomery, 1997). Norepinephrine reuptake inhibitors express their actions through 

ascending adrenergic pathways, and indirectly recruit postsynaptic α-adrenoceptor and 

β-adrenoceptor by elevating synaptic levels of NA (Stone et al., 2003). The recruitment 

of corticolimbic populations of α1-adrenergic subtypes as well as frontocortical β2 and 

β1-adrenergic receptors contribute to their favourable influence upon mood (Millan et 

al., 2000; Nalepa et al., 2002). It has also been hypothesized that the NA-induced 

activation of β1-adrenergic receptors in the hippocampus participates in mechanisms of 

synaptic plasticity engaged by NRIs (Zhang et al., 2003). 

 

Dopaminergic receptors in the frontal cortex may also be involved in the antidepressant 

actions of reboxetine and other NRI actions. Indeed, although associated with low 

affinities for DA transporters (Millan et al., 2000), reboxetine, desipramine, and other 

NRIs elicit robust elevations in DA levels in the frontal cortex (Yamamoto and 

Novotney, 1998; Millan et al., 2001). 

 

Reboxetine also acts as a noncompetitive blocker of the α4 β2 and α3β4 subtypes of 

nicotinic receptor (Miller et al., 2002), but the precise relationship between this action 

and its antidepressant activity is unknown. Although clinically effective in both the 

short- and long-term treatment of depression, no typical ‗serotonergic‘ side effects are 

reported with NRIs (Page et al., 2003). Discontinuation rates, because of intolerance, 

appear more frequently when using SSRIs (Papakostas et al., 2007).  

2.5.4 Selective serotonin reuptake inhibitors 
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Fluoxetine was introduced in 1988 and was followed by sertraline, paroxetine, 

fluvoxamine, citalopram and its S-enantiomer, escitalopram. The SSRIs vary somewhat 

in their pharmacologic profile. Although SSRIs have more or less selective effect on 

serotonin reuptake (citalopram/escitalopram are the most selective). SSRIs cannot be 

ascribed to one region of 5-HT transporter mediated increase extracellular levels of 5-

HT, leading to the engagement of one defined subtype of 5-HT receptor. In fact, SSRIs 

engage a number of postsynaptic (and presynaptic) 5-HT receptors throughout the CNS, 

and recruit multiple classes of 5-HT receptor (including 5-HT1A, 5-HT1B and 5-HT2A 

or 5-HT2C). For example, fluoxetine and certain other SSRIs are weak antagonists at 5-

HT2C and 5-HT2A receptors (Palvimaki et al., 1996). Fluoxetine also possesses modest 

antagonist properties at 5-HT3 receptors (Eisensamer et al., 2003).  

 

Direct actions of SSRIs at other different sites have been reported. Thus, citalopram and 

escitalopram have little inhibitory effect on norepinephrine and dopamine reuptake and 

a low affinity for a1 adrenergic receptors, muscarinic cholinergic receptors, and 

histamine H1 receptors (Stahl and Grady, 2003; McIntyre, 2013). 

Dopaminergic mechanisms have been implicated in the antidepressant actions of SSRIs. 

SSRI-induced increases in DA and NA levels in the frontal cortex and other cerebral 

structures may be partially because of the interplay between facilitatory 5-HT and 

dopaminergic and adrenergic projections. For example, frontocortical 5-HT1A receptors 

can enhance extracellular levels of DA, either through local circuits or through the 

activation of a glutamate input to the neighbouring ventrotegmental area (Bose and 

Gandhi, 2008). 
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SSRIs have proved to be popular first-line treatments for depression, but they do not 

clearly reveal significant clinical advantages over TCAs in terms of efficacy and speed 

of onset of action (Hirschfeld, 1999; Adell et al., 2005). 

SSRIs are generally well tolerated but are not devoid of adverse effects. Sexual 

dysfunction is the most common side effect of all SSRIs. Delayed ejaculation, 

anorgasmia, and decreased libido can occur in up to 60% of patients (Rosenberg et al., 

2007), and the effects continue as long as the drug is taken.  

 

Anorexia is most common with fluoxetine and occurs early in the treatment (Sporn et 

al., 2000; Masand and Gupta, 2002). CNS side effects include anxiety, insomnia, 

sedation, nightmares (Masand and Gupta, 2002; Richelson, 2003), and extrapyramidal 

symptoms. Sleep disturbances, either insomnia or somnolence, have been reported in 

approximately 25% of patients taking SSRIs.  

2.5.5 Norepinephrine and serotonin reuptake inhibitors 

Norepinephrine and serotonin reuptake inhibitors (SNRIs) such as venlafaxine, 

milnacipran, and duloxetine were developed to have dual action on 5HT and NA. 

Venlafaxine inhibits serotonin (at low dose) and norepinephrine reuptake (at high dose) 

and is a weak inhibitor of dopamine reuptake (McIntyre et al., 2017). Duloxetine 

inhibits 5HT and NA reuptake with equal potency both in vivo and in vitro. The drug 

has a high affinity for human cloned 5HTand NA transporters in vitro and more 

potently blocks these transporters than venlafaxine (Bymaster et al., 2003). 

Microdialysis studies showed that SNRIs elicit marked elevations in extracellular levels 

of 5-HT, NA, and DA in corticolimbic pathways (Gartlehner et al., 2016). 
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Experimental and clinical studies indicate that serotonergic mechanisms underlie the 

effects of low doses of SNRIs, whereas α1-mediated adrenergic receptors can be 

recruited with higher doses (Millan et al., 2001) to contribute to their antidepressant 

properties (Redman and Francis, 1998; Stone et al., 2003). The most common side 

effects reported with duloxetine and venlafaxine were nausea, dry mouth, dizziness, 

insomnia, somnolence (Schatzberg, 2003). 

 

Sexual dysfunction can occur in the course of SNRI treatment, as with SSRIs, but with 

lower rates (Clayton et al., 2002; Goldstein et al., 2002). Consistent with their 

pharmacological profile as a reuptake inhibitor of NA, a mean increase in heart rate can 

be observed with SNRIs, and, indeed, treatment with duloxetine and venlafaxine can be 

associated with increased blood pressure. Constipation, fatigue, decreased appetite, and 

sweating are also reported with duloxetine (Schatzberg, 2003). 

2.5.6 Dopamine reuptake inhibition and direct dopamine receptor 

agonists 

Dopamine is well known to be involved in the reward system of the brain and a decline 

in the activity of both mesocortical and mesolimbic DA release contributes to depressed 

mood (Willner et al., 2005).  

The selective dopamine reuptake inhibitor and clinically effective antidepressant 

bupropion (Rush et al., 1998; Levin et al., 2002), which only displays a weak affinity 

for DA transporters. Bupropion also has an active metabolite, hydroxybupropion, that 

mediates antidepressant efficacy by blocking reuptake of norepinephrine and dopamine 

(Tatsumi et al., 1997; Sanchez and Hyttel, 1999) Bupropion bears a resemblance to 
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NRIs (such as reboxetine) as it elevates both DA and NA (but not 5-HT) levels in 

frontal cortex (Ascher et al., 1995) but it differs from NRIs (and SSRIs) as it elevates 

DA levels in the nucleus accumbens (Martin et al., 1990; Cryan et al., 2003). 

Mesolimbic stimulation of D3 receptors may also participate in its antidepressant 

activity (Lambert et al., 2000), perhaps through neuroprotective properties and/or a 

facilitation of neurogenesis (Coronas et al., 2004; Van Kampen and Robertson, 2005). 

However, dopaminergic mechanisms can be exclusively responsible for its 

antidepressant action, which remains a matter of debate (Meyer et al., 2002). It is 

noteworthy that the dopamine D2/D3 agonist pramipexole exhibits antidepressant 

properties when given alone (Corrigan et al., 2000), or in adjunct to TCAs or SSRIs in 

patients with treatment-resistant depression (Lattanzi et al., 2002; Cassano et al., 2004). 

Bupropion causes insomnia, headache, tremors, and nausea are common side effects 

and increased irritability and agitation may also occur. The long-term effects of 

bupropion still remain a matter of debate, as both sleep-promoting and, more recently, 

sleep-suppressive actions have been described in depressed patients (Ott et al., 2004). 

 

2.6 Medicinal Plants Used in the Management of Depression 

2.6.1 Camellia sinensis (Green Tea) 

Preclinical study demonstrated that polyphenols obtained from Camellia sinensis   at 

doses 5, 10, and 20 mg/kg administered orally for 7 days improved depression-like 

behaviour and decreased serum level of corticosterone. These findings suggest that 

green tea polyphenols can regulate the HPA axis involved in the pathology of 

depression (Zhu et al., 2012). 
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2.6.2 Lavandula angustifolia (Lavender) 

Lavandula angustifolia is a flowering plant in the family Lamiaceae, native to the 

Mediterranean. The uses of lavender oil include an antibacterial, antifungal, 

carminative, sedative, and antidepressant properties (Cavanagh and Wilkinson, 2002). 

Hritcu et al.(2012) reported that chronic lavender oil exposure markedly inhibited 

depression-like behaviors in rats in forced swimming and elevated plus-maze tests 

(Hritcu et al., 2012). 

Effati-Daryani et al (2015) studied the effect of lavender cream on depression in 

pregnancy and demonstrated that the cream can be used for pregnant women to reduce 

depression. Lavender oil infusion showed several curative benefits on depressed 

patients, essentially decreasing mean depression score (Nikfarjam et al., 2013). 

Lavender aromatherapy for 4 weeks improved the Edinburgh Postnatal Depression 

Scale in high risk postpartum women (Conrad and Adams, 2012). 

2.6.3 Hypericum perforatum (St John’s Wort) 

Hypericum perforatum is a famous herb that has long been used to treat depression 

(Butterweck, 2003). A number of clinical studies demonstrated that Hypericum 

perforatum is clinically efficacious for depression (Mannel et al., 2010; Maher et al., 

2016).  

A long-term follow-up study recruited 426 responders to Hypericum perforatum extract 

(3 × 300 mg/day) to be assessed for remission rates. Results showed a beneficial effect 

of Hypericum perforatum extract for prevention of relapse after recovery from acute 

depression while long-term maintenance and tolerability (Kasper et al., 2008). 
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2.7 The Plant Acacia seyal Del.     Fabaceae 

2.7.1 Taxonomy 

Kingdom -         Plantae 

 Phylum -          Tracheophyta 

 Class -              Magnoliopsida 

Order -   Fabales 

Family -   Fabaceae 

Genus  - Acacia 

Species - Acacia seyal 

2.7.2 Vernacular Names 

English  - Fodder tree, Red Acacia, Shittim wood  

French  - Epineux  

Swahili -  Mgunga    

Hausa             - Dumshee 

2.7.3 Description of the plant 

Acacia seyal is a small to medium-sized tree that reaches a height of 12-17 m, with 

umbrella shaped crown. It has bippinnate leaves, dark green, 4-12 pairs of pinnae, 10-12 

pairs of leaflets, each 1-2 x 4-12 mm. Flowers are clustered in shining, yellow, globose 

heads, 1.5 cm diameter, on stems 3 cm long (Hall and McAllan, 1993). 

 2.7.4 Distribution of plant 

Acacia seyal is native to Sudan, Egypt, Eritrea, Ethiopia, Ghana, Iran, Kenya, Malawi, 

Mali, Mozambique, Namibia, Niger, Nigeria, Saudi Arabia, Senegal, Syrian Arab 
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Republic, Tanzania, Uganda, Yemen, Republic of Zambia, and Zimbabwe. Moreover, it 

is exotic to Afghanistan, Bangladesh, Bhutan, India, Nepal, Portugal, Sri Lanka and the 

US (Orwa et al., 2009). 
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Plate I: The Plant,Acacia seyalDel in its Natural Habitat. 

 

 

 

 

2.7.5 Ethnomedicinal uses of Acacia seyal 

The plant gum is used as aphrodisiac, emollient and astringent for colds, diarrhoea and 

haemorrhage (Duke, 1983). The bark is used for dysentery, arthritis and leprosy 

(Orwaet al., 2009). Leaves are used for inflammation and stomach disorders (Elgazali et 

al., 1997). Decoction of the root is used in the treatment of depression in Northwestern 

Nigeria (Shehu et al., 2017). 

 

2.7.6 Previous pharmcological studies of Acacia seyal 

28 
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Antibacterial activity:  The antimicrobial activity of Acacia seyal was evaluated in 

vitroagainst three bacterial species Salmonella, Escherichia coli and Staphylococcus 

aureus. The obtained results showed that Acacia seyalhas a wide antibacterial activity 

against most tested bacterial strains (Mariodet al., 2014). 

Anti inflammatoryactivity: The methanol crude extracts and its active fractions from 

Acacia seyal gum were shown to have antioxidant and anti-inflammatory activities 

(Elnour et al., 2018).   
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Animals 

Swiss Albino mice of both sexes (18-23 g) were obtained from the Animal House 

Facility of the Department of Pharmacology and Therapeutics, Ahmadu Bello 

University, Zaria. They were housed in propylene cages and kept under natural day and 

light cycle. The animals were fed on laboratory animal diet (Vital Feed
®
) and water ad 

libitum.  

Ethical clearance was soughtfrom the Ahmadu Bello University Committee on Animal 

Use and Care (ABUCAUC). All experimental protocols were in accordance with the 

guideline for the care and use of laboratory animals (NIH, 1996)  

 

3.2 Drugs and Chemicals 

The chemicals and drugs used for the studies include; Fluoxetine (Mebidos Laboratories 

Pvt. Ltd, India), Diazepam (Roche, France), Atropine, Cyproheptadine, Prazosin, 

Yohimbine and Metergoline (Sigma Aldrich, St. Louis, MO, USA) 

 

3.3 Equipment and other Materials 

Animal cages, pestle and mortar, syringes (1ml, 2mls, 5mls and 10mls), filter paper, 

pair of scissors, measuring cylinders, separating funnel, beakers, test tubes, funnel, test 

tube holders, Video recording device (JVC, GZ-MG750BUS), stop watch, Open field 

apparatus, retort stand, water drinkers, weighing balance, Forced swimming cylinder, 

Tail suspension apparatus, Micro plate reader and incubator 
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3.4 Plant Collection 

The plant sample comprising leaves, stem and root were collected from Malumfashi 

Local Government Area, Katsina State in June, 2018 and was identified in the 

Herbarium unit of the Department of Botany, Ahmadu Bello University, Zaria by a 

Taxonomist, Namadi Sanusi. A specimen voucher number 900347 previously deposited 

in the herbarium was used for comparison. 

 

3.4.1 Preparation of extract 

The root bark was separated from the root using a knife. The root bark was dried under 

shade until a constant weight is obtained. The root bark was size-reduced using mortar 

and pestle.  Two thousand grams (2000g) of powdered material was extracted by Cold 

maceration in 5000 ml of methanol for 72 hours with occasional shaking. The extract 

was filtered and concentrated at 50°C on a water bath to a constant weight. The extract 

was kept in airtight containers until needed for use. Aqueous solutions of the extract 

were freshly prepared for each study using distilled water.  

 

3.5 Phytochemical Screening of Acacia seyal 

Phytochemical screening was carried out on the methanol root bark extract of the plant 

Acacia seyal using standard methods as follows: 

3.5.1 Test for flavonoids 

Sodium hydroxide test (Evans, 1996): Few drops of 10% sodium hydroxide was added 

to 0.5 g of the extract (AS) yellowish colouration indicates the presence of flavonoids. 

3.5.2 Test for cardiac glycosides  

Keller Killiani‘s test: A portion of the extract (AS) was dissolved in 1 ml of glacial 

acetic acid with traces of ferric chloride solution and 1 ml of concentrated sulphuric 
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acid was added down the side of the test tube to form a lower layer at the bottom. 

Presence of purple-brown ring at the interphase indicates the presence of deoxy-sugars 

and a pale green colour in the upper acetic layer indicates the presence of cardiac 

glycosides.(Evans, 1996). 

3.5.3 Test for saponins  

Methanol root bark extract (0.5 g) was shaken with 3 mls of water for 30 seconds and 

allowed to stand for 30 minutes. Formation of honeycomb froth that persists 10-15 

minutes indicates the presence of Saponins (Sofowora, 1993). 

3.5.4 Test for tannins 

Lead sub-acetate test: Methanol root bark extract of A. seyal (0.5 g) was dissolved in 2 

mls of water; 3 drops of lead sub-acetate solution was then added and observed. 

Formation of black-green coloured precipitate which indicates the presence of tannins. 

3.5.5 Test for steroids and triterpenes 

Liebermann-Burchard‘s test: The extract (0.5 g) was dissolved in 5 mls of methanol 

then filtered. The filtrate was evaporated to dryness on a water bath at 100°C. The 

residue obtained was shaken with 2 mls chloroform and then filtered into a cleaned and 

dried test tube. 2 ml of acetic acid anhydride was added to the filtrate and shaken, and 

then 1ml of concentrated sulphuric acid was also added carefully down the zone of 

contact of the two liquids.  Red colour indicates the presence of triterpenes while blue-

green colour indicates steroids (Evans, 1996). 

3.5.6 Test for alkaloids  

Methanol root bark extract of A. seyal (0.5 g) was treated with 5 mls of 1% aqueous 

HCl and then heated. It was filtered and the filtrate was poured into a test tube 

(Sofowora, 1993). 
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Dragendoff‘s reagent: to the test tube, two drops of dragendoff‘s reagent was added and 

rose red precipitate indicates presence of alkaloids. 

 

3.5.7 Test for anthraquinones 

About 0.5 g of the extract (AS) was placed in placed in a dry test tube and 5 ml of 

chloroform was added and shaken for at least 5 minutes. This was filtered and equal 

volume of 10% ammonia solution was added to the filtrate and shaken. The presence of 

a bright pink colour in the aqueous (upper) layer indicates free anthraquinones (Evans, 

1996). 

3.6 Toxicity Studies 

3.6.1 Acute toxicity studies 

Median lethal dose (LD50) was determined using Organization for Economic Co-

operation and Development (OECD 425) guidelines in mice. In this method, two groups 

of three mice each were fasted 3 hours prior to dosing (OECD, 2008). The extract of AS 

was administered in a single oral dose using a cannula.  A start dose of 5000 mg/kg was 

used for one mouse and observed for 48 hours. The mouse survived, and an additional 

four mice were dosed and observed individually during the first 30 minutes after dosing, 

periodically during the first 24 hours, and then daily for 14 days.  

3.6.2 Irwin’s test 

The method described by Irwin (1968) was used. Four groups of five mice each were 

used. Group I received distilled water (10 ml/kg).  Groups II, III and IV received 250, 

500 and 1000 mg/kg of the methanol root bark extract of Acacia seyal orally, 

respectively. Mice were observed for 48 hours, with more observation within first 4 

hours. Observations include morphological, autonomic, neurological and behavioural 

changes. 
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3.6.3 Test for Motor co-ordination deficit (Beam Walking Assay) 

The method described by Stanley et al. (2005) was used. Five groups of six mice each 

were used.Mice were trained to walk from a start platform along a ruler (80 cm long, 3 

cm wide) elevated 30 cm above a bench with wooden support to a goal box. The test 

beam is made up of wood (8 mm in diameter, 60 cm long) and elevated 30 cm above the 

bench by a metal support. Group I received distilled water (10 ml/kg), groups II, III and 

IV mice received 250, 500 and 1000 mg/kg of the methanol root bark extract of Acacia 

seyal orally, respectively. Group V received 10 mg/kg of diazepam.   

Mice were individually placed on the beam at one end and allowed to walk to the goal 

box.  Mice that fell were returned to the position they fell from, with a maximum time 

of 60 seconds allowed on the beam.  The numbers of foot slips were also recorded. 

 

3.7 Antidepressant Studies 

3.7.1 Tail suspension test (TST) in mice 

This test was carried out as described by Steru et al. (1985).  Five groups of eight mice 

each were used. Group I mice received distilled water (10 ml/kg).  Groups II, III and IV 

received 250, 500 and 1000 mg/kg of the methanol root bark extract of Acacia seyal 

orally, respectively while group V received 20 mg/kg of fluoxetine. 

A tape was placed approximately 1cm from the tip of the tail of the mice. One hour 

later, using adhesive tape on a horizontal bar placed 30 cm above a bench mice were 

suspended on the tail suspension apparatus for six minutes. The whole procedure was 

recorded with the aid of a video recorder. The duration of immobility was determined 

from the video clip with the aid of a stop watch for each mouse. The most effective dose 

from the TST was adopted for the mechanistic studies. 
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3.7.2 Forced swim test (FST) in mice 

The study was carried out as described by Porsolt et al. (1977). Five groups of eight 

mice each were used. Group I received distilled water (10 ml/kg).  Groups II, III and IV 

mice received 250, 500 and 1000 mg/kg of the methanol root bark extract of Acacia 

seyal orally, respectively, while Group V received 20 mg/kg of fluoxetine. One hour 

later, mice were forced to swim for 5 minutes in a cylindrical water tank (30 cm in 

diameter and 50 cm long), filled with water up to 25cm with temperature maintained 

between24-26°C. The swimming, climbing and immobile behaviour of each mouse 

within 5 minutes were recorded. 

3.7.3 Open field test (OFT) in mice 

This test was conducted as described by Rex et al. (1996). Five groups of eight mice 

each were used. Group I mice were given distilled water (10 ml/kg).  Groups II, III and 

IV mice received 250, 500 and 1000 mg/kg of the methanol root bark extract of Acacia 

seyal orally, respectively, while group V received 0.5 mg/kg of diazepam. One hour 

later, each mouse was exposed to an open field apparatus (72×72×36 cm, 

length×breadth×height) of which one wall is plexiglass with also a plexiglas floor 

divided into 16 visible squares (18×18 cm) and a central square. 

Each mouse was placed in the central square of the apparatus. The behaviour of the 

mice in the arena was video recorded within 5 minutes. To determine the number of 

lines crossed by each mouse. 

 

3.8 Mechanistic Studies 

The method described by Zheng et al. (2014) was used. The most effective dose (500 

mg/kg) from the TST was adopted for the mechanistic studies. 
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3.8.1 Determination of the involvement of the serotonergic system in the 

antidepressant effect of Methanol root bark extract of Acacia seyal in mice    

 

To assess the involvement of the serotonergic system in the antidepressant- like effect 

ofA. seyal. Thirty-five mice were divided into 7 groups of 5 mice each. Group I, II and 

III received distilled water (10 ml/kg), AS (500 mg/kg) (Effective dose) and fluoxetine 

(20 mg/kg) orally respectively. Group IV and V were pretreated with cyproheptadine (4 

mg/kg, i.p., a 5-HT2 receptor antagonist).  Fifteen minutes after, each mouse received A. 

seyal (500 mg/ kg, p.o.) or fluoxetine (20 mg/kg, p.o.) (Ulak et al., 2010). Group VI and 

VII were pretreated with metergoline (1mg/kg, i.p., a non-selective 5-HT2 receptor 

antagonist) (Stachowicz et al., 2007).  Fifteen minutes after, each mousereceived AS 

(500 mg/ kg, p.o.) and fluoxetine (20mg/kg, p.o.). An hour post-treatment, they were 

subjected to TST. 

 

3.8.2 Determination of the involvement of the noradrenergic system in the 

antidepressant effect of Methanol root bark extract of Acacia seyal in mice    

 

To investigate the possible involvement of the noradrenergic system in the 

antidepressant-like effect of A. seyal, thirty-five mice were divided into 7 groups of 5 

mice each. Group I, II and III received distilled water (10 ml/kg), AS (500 mg/kg) and 

fluoxetine (20 mg/kg) orally respectively. Group IV and V were pretreated with 

prazosin (1 mg/kg, i.p., an α1-adrenoceptor antagonist). After fifteen minutes, each 

mouse received AS (500 mg/ kg, p.o.) and fluoxetine (20 mg/kg, p.o.)  and Group VI 

and VII were pretreated with yohimbine (1 mg/kg, i.p., and α2 - adrenoceptor 

antagonist) (Gu et al., 2012). After 15 minutes, they received AS (500 mg/kg, p. o.) and 

fluoxetine (20 mg/kg, p.o.). Sixty minutes post-treatment, they were subjected to TST. 
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3.8.3 Determination of the involvement of the dopaminergic system in the 

antidepressant effect of Methanol root bark extract of Acacia seyal in mice    

 

To test the possible involvement of the dopaminergic system in the antidepressant-like 

effect of A. seyal, twenty-five mice were divided into five groups of 5 mice each. Group 

I, II and III were administered distilled water (10 ml/kg), AS (500 mg/kg) and 

fluoxetine (20 mg/kg) orally respectively. Group IV and V   mice were pretreated with 

sulpiride (50 mg/kg, i. p., a dopamine D 2 receptor antagonist) (Gu et al., 2012). After 

15 minutes, they received AS (500 mg/kg, p. o.) and Fluoxetine (20 mg/kg). An hour 

post-treatment, they were subjected to TST. 

 

3.8.4 Determination of the involvement of the cholinergic system in the 

antidepressant effect of Methanol root bark extract of Acacia seyal in mice    

 

To investigate the involvement of cholinergic system in the antidepressant- like effect 

ofA. seyal, twenty-five mice were divided into five groups of 5 mice each. Group I, II 

and III were administered distilled water (10 ml/kg), AS (500 mg/kg) and fluoxetine (20 

mg/kg) orally respectively. Group IV and V animals were pretreated with atropine (1 

mg/kg, i. p.) (Liebenberg et al., 2010). Fifteen minutes post-treatment, the animal 

received AS (500 mg/kg, p. o.) and fluoxetine (20 mg/kg, p.o.). An hour post-treatment, 

they were subjected to TST. 

 

3.8.5 Determination of the involvement of the opioidergic systemin the 

antidepressant effect of Methanol root bark extract of Acacia seyal in mice    

 

To investigate the involvement of opioidergic system in the antidepressant- like effect 

of A seyal, twentyfive mice were divided into five groups of 5 mice each. Group I, II 

and III were administered distilled water (10 ml/kg), AS (500 mg/kg) and fluoxetine (20 

mg/kg) orally respectively. Group IV and V mice were pretreated with naloxone (2 
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mg/kg, i. p.). Fifteen minutes post-treatment, each mouse received AS (500mg/kg, p. o.) 

and fluoxetine (20 mg/kg, p.o.). An hour post-treatment, they were subjected to TST. 

 

3.8.6 Determination of the involvement of the nitric oxide system in the 

antidepressant effect of Methanol root bark extract of Acacia seyal in mice   

 

To investigate the possible involvement of the nitric oxide pathway in the 

antidepressant-like effect of A. seyal, thirty-five mice were divided into 7 groups of 5 

mice each. Group I, II and III received distilled water (10 ml/kg), AS (500 mg/kg) and 

fluoxetine (20 mg/kg) orally respectively. Group IV and V were pretreated with L- 

arginine (50mg/kg, i.p., a nitric oxide substrate) and Group VI and VII were pretreated 

with L-NNA (50mg/kg i.p., a nitric oxide pathway inhibitor). After 15 minutes, they 

received AS, (500 mg/kg,p.o.) and fluoxetine (20 mg/kg, p.o.). An hour post-treatment, 

they were subjected to TST. 

 

3.9 Chronic Unpredictable Mild Stress 

The chronic mild stress was induced by chronic variable stress as described by Murua et 

al. (1991). Fifty-six mice were divided into six groups of 9 animals each, matched and 

assigned to stress and control groups. After three days acclimatization, mice were 

subjected to different kind of mild stressors for 28 days which varied from day to day to 

make the stress procedure unpredictable. These stressors were randomly scheduled 

repeated throughout the 4 weeks experiment. There were a total of nine stressors: (1) 

Twenty four hour Food deprivation, (2)  Twenty four hour Water deprivation, (3) Wet 

bedding, (4) Two hour immobilization, (5) Cold Swim, (6) Tail pinch, (7) Cage tilt at 

45°C (8) Cage reduction, (9) Empty cage.  
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The same stressor was not applied successively so that the mice will not anticipate the 

occurring stress. The unstressed groups of animals were housed in one cage with access 

to food and water without disturbance except for necessary procedure such as weighing 

and cage cleaning. 

On day 27 (60 min after drug administration), animals were subjected to different 

behavioural (TST and FST) and biochemical tests. For biochemical investigations, mice 

were sacrificed by decapitation and brains were harvested. Brains samples were then 

stored in phosphate buffer (0.1 M, pH 7.4) at −80°Ctill further investigations. 

 3.9.1 Sucrose consumption test 

The test was performed as described by Forbes et al. (1996).  The test was carried out at 

0, 2 and 4 weeks of stress. Animals were deprived of food and water for 21 hours after 

which they were exposed to drinking water and 2% sucrose. Sucrose consumption was 

measured and recorded. 

  3.9.2 Tail suspension test 

The test was carried out as described by Steru et al. (1985). The test was carried out at 

0, 2 and 4 weeks of stressors as described previously. 

 3.9.3 Open field test 

This test was conducted according to the method described by Rex et al. (1996). The 

test was carried out at 0, 2 and 4 weeks after stressors as described previously. 

 3.9.4 Sample Collection 

Blood samples were collected in plain bottles which were centrifuged at 1,000 g at 

8℃for 30 minutes. Blood plasma and erythrocytes were separated for cortisol 

competitive ELISA detection method. Brain was homogenized in PBS buffer (0.01M, 

PH7.4) and centrifuged at 5000xg to obtain the supernatant. Brain homogenates were 

used for sandwich Enzyme Linked Immunosorbent Assay 
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  3.9.5 Measurement of brain derived neurtropic fator (BDNF) level 

Brain derived neurotrophic Factor (BDNF)level was measured using commercially 

available enzyme linked immunosorbent assay kit (ELISA) (Wuhan Fine Biotech Co., 

Ltd., Catalogue No. EM0020) according to the manufacturer‘s instructions. The plates 

were washed 2 times before adding standard, sample and control (Zero) wells. 

Thereafter 100 µL standard or sample was added to each well and incubated for 90 

minutes at 37°C, after which the plates were aspirated and washed twice. Then 100 µL 

Biotin labelled antibody working solution was added to each well and incubated for 30 

minutes at 37°C. The plates were then aspirated and washed 3 times. Afterwards 100 µL 

SABC working solution was added into each well and incubated for 30 minutes at 37°C. 

Plates were then removed aspirated and washed 5 times then 90 µL TMB substrate and 

incubated lastly for 15 minutes at 37°C.  Plates were removed and 50 µL stop solution 

was added to each well. Absorbance was measured immediately at 450 nm using a 

micro plate reader (Rayto-RT-2100C). The sensitivity of the assay was <2.0pg/ml of 

BDNF. 

 3.9.6 Measurement of serum cortisol level 

Serumcortisol level was measured using a commercially available Enzyme Linked 

Immunosorbent Assay (ELISA) kit (Wuhan Fine Biotech Co. Ltd, Catalogue No. 

EM1721) according to the manufacturer‘s protocol. Plates were washed twice before 

standard, sample and control (Zero) wells were added, then 50 µL sample and standard 

solutions were added to already precoated antibody plate provided with the kit. After 

which 50 µL Biotin- labeled antibody was added into each well then incubated for 45 

minutes at 37°C. Plates were removed, aspirated and washed 3 times followed by 

addition of 100 µL SABC working solution into each well then incubated for 30 

minutes at 37°C. Plates were further washed and aspirated and washed 5 times followed 
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by the addition of 90 µL TMB substrate. Then incubated for 15-20 minutes at 37°C.  

The reaction was stopped by adding 50 µL of stop solution and absorbance was read at 

450 nm immediately using a microplate reader (Rayto-RT-2100C). The sensitivity of 

the assay was <0.234ng/ml of cortisol. 

 

3.10 Data Analysis 

Results are presented as Means ±SEM and median scores on tables or figures as 

appropriate. Data for TST, FST, OFT and BWA were analysed using One Way 

ANOVA (Analysis of Variance) while weight variation were analysed using Repeated 

Measure ANOVA. Dunnett post hoc test was used to assess significant differences. 

Data for Irwins test were analysed using Kruskal Wallis test followed by Dunn post hoc 

test. Results were considered significant at p≤0.05. 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Extraction Yield of Methanol Root Bark Extract of Acacia seyal 

A dark brown solid residue weighing 103.3 g (5.17 %
w
/w) was obtained from 2,000 g 

powdered root bark of A. seyal. 

 

4.2 Phytochemical Screening of Constituents Present in the Methanol Root Bark 

Extract of   Acacia seyal 

 

Carbohydrates,Flavonoids, alkaloids, steroids, triterpenes, cardiac glycosides,tannins 

and saponins were found present in the methanol root bark extract of A. seyal (Table 

4.2) 

 

4.3 The Acute Toxicity Study of Methanol Root Bark Extract of Acacia seyal 

The LD50 was estimated to be >5000 mg/kg orally in mice. 

 

4.4 Effect of Methanol Root Bark Extract of Acacia seyal on Irwin’s test 

The methanol root bark extract of Acacia seyal impaired changes on locomotor activity 

(Table4.2), motor coordination (Table 4.3) and diarrhoea (4.4). No death was observed 

at all dosestested48 hours after drug administration. 
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Table 4.1 Phytochemical Constituents of the Methanol Root Bark Extract of 

Acacia seyal 

Phytochemical constituents                                                                    Inference 

Alkaloids    + 

Anthraquinones   + 

Carbohydrates  + 

Cardiac glycosides  + 

Flavonoids + 

Saponins                        + 

Steroids and triterpenes    - 

Tannins                + 

   Key: + = Present   and - = Absent  
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Table 4.2: Effect of the Methanol Root Bark Extract of Acacia seyal on Locomotor 

Activity-  Behavioural Changes 

 Behaviour     

Time 

(h) 

Treatment 

(mg/kg) 

Locomotor 

activity 

Grooming Pain Vocalisation 

0 D/W 10 ml/kg 4 4 4 0 

 AS 250 mg/kg 4 4 4 0 

 AS 500 mg/kg 4 4 4 0 

 AS 1000 mg/kg 4 4 4 0 

1 D/W 10 ml/kg 4 4 4 0 

 AS 250 mg/kg 3.2 4 4 0 

 AS 500 mg/kg 2.8 4 4 0 

 AS 1000 mg/kg 2.0* 4 4 0 

2 D/W 10 ml/kg 4 4 4 0 

 AS 250 mg/kg 3.2 4 4 0 

 AS 500 mg/kg 2.6 4 4 0 

 AS 1000 mg/kg 2* 4 4 0 

3 D/W 10 ml/kg 4 4 4 0 

 AS 250 mg/kg 2.8 4 4 0 

 AS 500 mg/kg 2.6 4 4 0 

 AS 1000 mg/kg 2.2* 4 4 0 

4 D/W 10 ml/kg 4 4 4 0 

 AS 250 mg/kg 2.6 4 4 0 
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 AS 500 mg/kg 2.0* 4 4 0 

 AS 1000 mg/kg 1.8** 4 4 0 

Values are expressed as median scores
*
p≤ 0.05 significantly different from distilled 

water (Kruskall Wallis test followed by Dunn post hoc test) n=5, AS=Methanol root 

bark extract of Acacia seyal, DW= 10 ml/kg of Distilled water 

 

 

 

 

 

Table 4.3: Effect of the Methanol Root Bark Extract of Acacia seyal on Motor 

Coordination- Neurological Changes 

  Coordination- Neurological 

Time 

(h) 

Treatment 

(mg/kg) 

Grip 

strength 

Body 

tone 

Motor 

coordinaion 

Staggering 

gait 

Tremor Convulsion Twitches 

0 D/W 10 ml/kg 4 4 4 4 0 0 0 

 AS 250 4 4 4 4 0 0 0 

 AS 500 4 4 3 4 0 0 0 

 AS 1000 4 4 2.5* 4 0 0 0 

1 D/W 10 ml/kg 4 4 4 4 0 0 0 

 AS 250 4 4 4 4 0 0 0 

 AS 500 4 4 3.5 4 0 0 0 

 AS 1000 4 4 3.0* 4 0 0 0 

2 D/W 10 ml/kg 4 4 4 4 0 0 0 

 AS 250 4 4 4 4 0 0 0 

 AS 500 4 4 3.8 4 0 0 0 

 AS 1000 4 4 3.2* 4 0 0 0 
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3 D/W 10 ml/kg 4 4 4 4 0 0 0 

 AS 250 4 4 4 4 0 0 0 

 AS 500 4 4 4 4 0 0 0 

 AS 1000 4 4 4 4 0 0 0 

4 D/W 10 ml/kg 4 4 4 4 0 0 0 

 AS 250 4 4 4 4 0 0 0 

 AS 500 4 4 4 4 0 0 0 

 AS 1000 4 4 4 4 0 0 0 

Values are expressed as median scores
*
p≤ 0.05 significantly different from distilled 

water (Kruskall Wallis test followed by Dunn post hoc test) n=5, AS=Methanol root 

bark extract of Acacia seyal, DW= 10 ml/kg of Distilled water 

 

 

 

Table 4.4: Effect of Methanol Root Bark Extract of Acacia seyal on Diarrhoea- 

Autonomic Changes 

Autonomic Changes and Death 

Time (h) Treatment (mg/kg) Diarrhoea (Secretion 

excitation) 

Skin Colour 

(General) 

Death 

0 D/W 10 ml/kg  4 0 

 AS 250  4 0 

 AS 500  4 0 

 AS 1000  4 0 

1 D/W 10 ml/kg  4 0 

 AS 250 + 4 0 

 AS 500 + 4 0 

 AS 1000 + 4 0 

2 D/W 10 ml/kg  4 0 
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 AS 250 + 4 0 

 AS 500 + 4 0 

 AS 1000 + 4 0 

3 D/W 10 ml/kg  4 0 

 AS 250 mg/kg  4 0 

 AS 500 mg/kg  4 0 

 AS 1000 mg/kg  4 0 

4 D/W 10 ml/kg  4 0 

 AS 250 mg/kg  4 0 

 AS 500 mg/kg  4 0 

 AS 1000 mg/kg  4 0 

Values are expressed as median score
*
p≤ 0.05 significantly different from distilled 

water (Kruskall Wallis test followed by Dunn post hoc test) n=5, AS=Methanol root  

bark extract of Acacia seyal, DW= 10 ml/kg of Distilled water 

 

 

 

 

 

4.5 Effect of Methanol Root Bark Extract of Acacia seyal on Motor Coordination 

Deficit 

The methanol root bark extract of Acacia seyal did not impair motor coordination 

deficit at all tested oral doses. The standard drug, diazepam, significantly impaired 

motor coordination (p<0.001) at the dose of 10 mg/kg orally in comparison with the 

control (distilled water 10 ml/kg) (Figure 4.1). 

 

4.6 Effect of Methanol Root Bark Extract Acacia seyalon Tail Suspension Test 

The methanol root bark extract of Acacia seyal (250, 500 and 1000 mg/kg)produced a 

significant (p<0.05) but not dose-dependentdecrease in the duration of immobility. 
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Similarly, Fluoxetine (20 mg/kg) significantly (p<0.001) decreasedthe duration of 

immobility. (Figure 4.2). 

4.7 Effect of Methanol Root Bark Extract of Acacia seyal on the Open Field Test 

In the open field test, the distilled water treated animals produced a mean activities 

marked by the number of line crossing (48.83 ± 10.16). The methanol root bark extract 

of Acacia seyal (250, 500, or 1000 mg/kg) did not significantly affect the number of line 

crosses. However, diazepam significantly (p<0.01) increased the number of line crosses 

activity (Figure 4.3). 

4.8 Effect of Methanol Root Bark Extract Acacia seyal on Forced Swimming Test 

The methanol root bark extract of Acacia seyal (250, 500 and 1000 mg/kg)decreased the 

duration of immobility in the treated mice. Significant (p< 0.05) response was obtained 

at all the tested doses as compared to the distilled water (10 ml/kg) group. Similarly, the 

standard drug, Fluoxetine (20 mg/kg), also significantly (p<0.001) decreased the 

duration of immobility (Figure 4.4) 
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Figure 4.1: Effect of Methanol Root Bark Extract of Acacia seyal on Number of 

Foot Slips in Mice Beam Walking Assay 

Values are expressed as Mean ± S.E.M; 
*
p≤ 0.05

***
p≤ 0.001significantly different from 

distilled water treated group(One way ANOVA followed by Dunnetpost hoc test) n=6, 

AS = Methanol extract of Acacia seyal DW=10 ml/kg of Distilled water, DZP= 

Diazepam 
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Figure 4.2: Effect of Methanol Root Bark Extract of Acacia seyal on Duration of 

Immobility of Mice in Tail Suspension Test 

Values are expressed as Mean ± S.E.M;
*
p≤ 0.05, 

**
p≤ 0.01, 

***
p≤ 0.001significantly 

different from distilled water treated group(One way ANOVA followed by Dunnetpost 

hoc test) n=8, AS = Methanol extract of Acacia seyal DW=10 ml/kg of Distilled 

water,FTX= Fluoxetine 
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Figure 4.3: Effect of Methanol Root Bark Extract ofAcacia seyalon Line Crosses 

Activity in Mice in the Open Field Test 

Values are expressed as Mean ± S.E.M;
***

p≤ 0.001significantly different from distilled 

water treated group(One way ANOVA followed by Dunnetpost hoc test) n=6, AS = 

Methanol extract of Acacia seyal DW=10 ml/kg of Distilled water,DZP= Diazepam 
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Figure 4.4: Effect of Methanol Root Bark Extract of Acacia seyal on Duration of 

Immobility of mice in Forced Swim Test  

Values are expressed as Mean ± S.E.M;
**

p≤ 0.01 significantly different from distilled 

water treated group(One way ANOVA followed by Dunnetpost hoc test) n=8, AS = 

Methanol extract of Acacia seyal DW=10 ml/kg of Distilled water,FTX= Fluoxetine 
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4.9 Mechanistic Studies 

4.9.1 Involvement of the dopaminergic system in the antidepressant effect of the 

Methanol root bark extract of Acacia seyal in mice  

Pretreatment of mice with sulpiride (50mg/kg, i.p.)significantly (p≤0.01) reversed the 

anti- immobility effect elicited by the methanol root extract of Acacia seyal (500 

mg/kg). The duration of immobility observed after the administration of Fluoxetine (20 

mg/kg) was also reversed (Figure 4.5). 

 

4.9.2 Determination of the Involvement of the serotonergic system in the 

antidepressant effect of the Methanol root bark extract of Acacia seyal in mice 

Pretreatment of mice with metergoline (1mg/kg, i.p.) significantly (p≤0.01) reversed the 

reduction in the duration of immobility time elicited by methanol root bark extract of 

Acacia seyal extract (500mg/kg, p.o.) The duration of immobility observed after the 

administration of Fluoxetine (20 mg/kg) was also reversed.   (Figure 4.6). Pretreatment 

of mice with cyproheptadine (4 mg/kg, i.p.) significantly (p<0.01) reversed the 

reduction in immobility time elicited by the methanol root bark extract of Acacia seyal 

(500mg/kg, p.o.). The duration of immobility observed after the administration of 

Fluoxetine (20 mg/kg) was also reversed (Figure 4.7). 

 

 

 

 



55 
 

 

 

D
/W

A
S  5

0 0  

A
S  5

0 0  +
 S

p d  5
0  

F
T

X
 2

0

F
T

X
 2

0  +
S p d  5

0

0

1 0 0

2 0 0

3 0 0

T r e a tm e n t  (m g /k g )

D
u

r
a

ti
o

n
 o

f 
im

m
o

b
il

it
y

 (
s)

*

*

a
b

Figure 4.5: Effect of Sulpiride on the Activity of Methanol Root Bark Extract of 

Acacia seyal on Duration of Immobility of Mice in Tail Suspension Test. 

Values are expressed as Mean ± S.E.M;
*
p≤ 0.001 significantly different from distilled 

water treated group; a & bp≤0.01= significant differencecompared to AS or FTX treated 

groupsrespectively(One way ANOVA followed by Dunnetpost hoc test) n=5, AS = 

Methanol extract of Acacia seyal DW=10 ml/kg of Distilled water,FTX= 

Fluoxetine,Spd=Sulpiride  
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Figure 4.6: Effect of Metergoline on the Activity of Methanol Root Bark Extract of 

Acacia seyal on Duration of Immobility of Mice in Tail Suspension Test 

Values are expressed as Mean ± S.E.M;
*
p≤ 0.001 significantly different from distilled 

water treated group; a & bp≤0.01= significant differencecompared to AS or FTX treated 

groupsrespectively(One way ANOVA followed by Dunnetpost hoc test) n=5, AS = 

Methanol extract of Acacia seyal DW=10 ml/kg of Distilled water,FTX= Fluoxetine, 

Mtg=Metergoline  
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Figure 4.7: Effect of Cyproheptadine on the Activity of Methanol Root Bark 

Extract of Acacia seyal on Duration of Immobility of Mice in Tail Suspension Test 

Values are expressed as Mean ± S.E.M;
*
p≤ 0.001 significantly different from distilled 

water treated group; a & bp≤0.01= significant differencecompared to AS or FTX treated 

groupsrespectively(One way ANOVA followed by Dunnetpost hoc test) n=5, AS = 

Methanol extract of Acacia seyal DW=10 ml/kg of Distilled water,FTX= 

Fluoxetine,Cypro= Cyproheptadine  
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4.9.3 Involvement of the cholinergic system in the antidepressant effect of the 

Methanol root bark extract of Acacia seyal in mice 

Pretreatment of mice with atropine (1 mg/kg, i.p.) significantly (p<0.01) reversed the 

reduction in immobility time elicited by methanol root bark extract of Acacia seyal 

(500mg/kg, p.o.). The duration of immobility observed after the administration of 

Fluoxetine (20 mg/kg) was also reversed (Figure 4.8). 

 

4.9.4 Involvement of the opioidergic system in the antidepressant effect of the 

Methanol root bark extract of Acacia seyal in mice 

Pretreatment of mice with naloxone (2 mg/kg, i.p.) significantly (p<0.01) reversed the 

reduction in immobility time elicited by the extract (500mg/kg, p.o.) The duration of 

immobility observed after the administration of Fluoxetine (20 mg/kg) was also 

reversed (Figure 4.9). 
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Figure 4.8: Effect of Atropine on the Activity of Methanol Root Bark Extract of 

Acacia seyal on Duration of Immobility of Mice in Tail Suspension Test 

Values are expressed as Mean ± S.E.M;
*
p≤ 0.001 significantly different from distilled 

water treated group; a & bp≤0.01= significant differencecompared to AS or FTX treated 

groupsrespectively(One way ANOVA followed by Dunnetpost hoc test) n=5, AS = 

Methanol extract of Acacia seyal DW=10 ml/kg of Distilled water,FTX= Fluoxetine, 

Atp=Atropine 

 

 

 

 

 

 



60 
 

D
/W

 

A
S

 5
0 0

A
S

 5
0 0  +

N
lx

 2

F
T

X
 2

0

F
T

X
 2

0  +
 N

lx
 2

0

1 0 0

2 0 0

3 0 0

T r e a tm e n t  (m g /k g )

D
u

r
a

ti
o

n
 o

f 
im

m
o

b
il

it
y

 (
s

)

*

a

*

b

 

Figure 4.9: Effect of Naloxone on the Activity of Methanol Root Bark Extract of 

Acacia seyal on Duration of Immobility of Mice in Tail Suspension Test 

Values are expressed as Mean ± S.E.M;
*
p≤ 0.001 significantly different from distilled 

water treated group; a & bp≤0.01= significant differencecompared to AS or FTX treated 

groupsrespectively(One way ANOVA followed by Dunnetpost hoc test) n=5, AS = 

Methanol extract of Acacia seyal DW=10 ml/kg of Distilled water,FTX= Fluoxetine, 

Nlx=Naloxone 
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4.9.5 Involvement of the nitric oxide system in the antidepressant effect of the 

Methanol root bark extract of Acacia seyal in mice 

Pretreatment of mice with L- Arginine (50 mg/kg, i.p.) reversed the reduction in 

immobility time elicited by methanol root bark extract of Acacia seyal (500 mg/kg) 

orally (Figure 4.10). Pretreatment of mice with L-NNA (50 mg/kg i.p.) reversed the 

reduction in immobility time elicited by methanol root bark extract of Acacia seyal 

(500mg/kg) orally. The duration of immobility observed after the administration of 

Fluoxetine (20 mg/kg) was also reversed (Figure 4.11). 

 

4.9.6 Involvement of the noradrenergic system in the antidepressant effect of the 

Methanol root bark extract of Acacia seyal in mice 

Pretreatment of mice with yohimbine (1 mg/kg, i.p.) reversed the reduction in duration 

of immobility time elicited by methanol root bark extract of Acacia seyal (500 mg/kg) 

orally (Figure 4.12). Similarly, pretreatment of mice with prazosin (1 mg/kg, i.p.) 

reversed the reduction in duration immobility elicited by the methanol root bark extract 

of Acacia seyal (500 mg/kg) orally. The duration of immobility observed after the 

administration of Fluoxetine (20 mg/kg) was also reversed(Figure 4.13). 
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Figure 4.10: Effect of L-Arginine on the Activity of Methanol Root Bark Extract of 

Acacia seyal on Duration of Immobility of Mice in Tail Suspension Test 

Values are expressed as Mean ± S.E.M;
*
p≤ 0.001 significantly different from distilled 

water treated group; a & bp≤0.01= significant differencecompared to AS or FTX treated 

groupsrespectively(One way ANOVA followed by Dunnetpost hoc test) n=5, AS = 

Methanol extract of Acacia seyal DW=10 ml/kg of Distilled water,FTX= Fluoxetine, 

La= L-Arginine  
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Figure 4.11: Effect of L-NNA on the Activity of Methanol Root Bark Extract of 

Acacia seyal on Duration of Immobility of Mice in Tail Suspension Test 

Values are expressed as Mean ± S.E.M;
*
p≤ 0.001 significantly different from distilled 

water treated group; a & bp≤0.01= significant differencecompared to AS or FTX treated 

groupsrespectively(One way ANOVA followed by Dunnetpost hoc test) n=5, AS = 

Methanol extract of Acacia seyal DW=10 ml/kg of Distilled water,FTX= Fluoxetine, 

Ln=N-Arginine  
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Figure 4.12: Effect of Yohimbine on the Activity of Methanol Root Bark Extract of 

Acacia seyal on Duration of Immobility of Mice in Tail Suspension Test 

Values are expressed as Mean ± S.E.M;
*
p≤ 0.001 significantly different from distilled 

water treated group; a & bp≤0.01= significant differencecompared to AS or FTX treated 

groupsrespectively(One way ANOVA followed by Dunnetpost hoc test) n=5, AS = 

Methanol extract of Acacia seyal DW=10 ml/kg of Distilled water,FTX= Fluoxetine, 

Yhb=Yohimbine  
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Figure 4.13: Effect of Prazosin on the Activity of Methanol Root Bark Extract of 

Acacia seyal on Duration of Immobility of Mice in Tail Suspension Test 

Values are expressed as Mean ± S.E.M;
*
p≤ 0.001 significantly different from distilled 

water treated group; a & bp≤0.01= significant differencecompared to AS or FTX treated 

groupsrespectively(One way ANOVA followed by Dunnetpost hoc test) n=5, AS = 

Methanol extract of Acacia seyal DW=10 ml/kg of Distilled water,FTX= Fluoxetine, 

Prz=Prazosin  
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4.10 Chronic Unpredictable Mild Stress 

4.10.1 Effect of Chronic Unpredictable Mild Stress on Body weight 

Changes in body weight in the stressed group were statistically significant as compared 

to the unstressed group for the duration of 4 weeks. There was slight improvement in 

body weight in all groups in the last two weeks of treatment but was not statistically 

significant (Figure 4.14). 

 

4.10.2 Effect of Methanol Root Bark Extract of Acacia seyal on Sucrose 

Consumption in Mild Stress    
There was no significant difference in sucrose consumption across all groups before 

stress. However, after two weeks the stressed mice showed significant decrease in 

sucrose consumption when compared to unstressed mice. After two weeks of treatment, 

AS (250, 500 and 1000 mg/kg) and FTX (20 mg/kg) did not significantly increase 

sucrose consumption when compared with distilled water/CMS group (Figure 4.15). 

 

4.10.3 Effect of Methanol Root Bark Extract of Acacia seyal on Duration 

Immobility of Mice Subjected to Tail Suspension Test Followed by Chronic 

Unpredictable Mild Stress 

In the TST, there was no significant difference in immobility time among all groups 

before stress. However, stressed mice showed significant increase in immobility time 

when compared to unstressed mice. After two weeks of treatment, AS at the dose (500 

mg/kg) and FTX (20 mg/kg) showed significant (p<0.05) decrease in duration of 

immobility when compared with the stressed group (Figure 4.16). 
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Figure 4.14: Weekly Body Weight Changes of Mice Following Chronic 

Unpredictable Mild Stress 

Results are expressed as Mean ±S.E.M 
*
p<0.01= significant difference as compared to 

the NOCUMS group using Repeated Measure ANOVA followed by Dunnet post hoc 

test n=9  CUMS= Chronic unpredictable mild stress +  distilled water , NOCUMS= No 

chronic unpredictable mild stress, AS=Methanol root bark extract of Acacia seyal , 

FTX= Fluoxetine  
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Figure 4.15: Effect of Methanol Root Bark Extract of Acacia seyal on Sucrose 

Consumption Following Chronic Unpredictable Mild Stress 

Results are expressed as Mean ±S.E.M 
*
p<0.01= significant difference as compared to 

the NOCUMS group using One Way ANOVA followed by Bonferroni post hoc test n=9  

CUMS= Chronic unpredictable mild stress +  distilled water , NOCUMS= No chronic 

unpredictable mild stress, AS= Methanol root bark extract  of Acacia seyal ,  FTX= 

Fluoxetine  
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Figure 4.16: Effect of Methanol Root Bark Extract of Acacia seyal on Duration of 

Immobility Mice Following Chronic Unpredictable Mild Stress 

Results are expressed as Mean ±S.E.M 
*
p<0.01= significant difference as compared to 

the NOCUMS group. 
+
p<0.05= significant difference as compared to the CUMS group 

Mice were administered using One-way ANOVA followed by Bonferroni post hoc test 

CUMS= Chronic unpredictable mild stress +  distilled water (10 ml/kg, po), 

NOCUMS= No chronic unpredictable mild stress, AS= Methanol root bark extract of 

Acacia seyal , FTX= Fluoxetine  
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4.10.4 Effect of Methanol Root Bark Extract of Acacia seyal on Locomotor Activity 

of Mice Subjected Open Field Test Followed by Chronic Unpredictable Mild Stress 

In the OFT, there was no significant difference in the number of lines crossed among all 

groups before stress. However, stressed mice showed significant decrease in the number 

of lines crossed when compared to unstressed mice. After two weeks of treatment, AS 

(250 mg/kg)and FTX (20mg/kg) showed significant (p<0.05) increase in the number of 

lines crossed when compared with the stressed group (Figure 4.17). 

 

4.10.5 Effect of Methanol Root Bark Extract of Acacia seyal on Cortisol Levels 

Following Chronic Unpredictable Mild Stress in Mice 

The results showed that the stressed group significantly (p<0.05) increase serum cortisol 

levels when compared with the unstressed group. Administration of AS (250, 500 and 

1000 mg/kg) and FTX (20 mg/kg) significantly (p<0.05) decreased cortisol levels as 

compared to the stressed group (Figure 4.18). 

 

4.10.6 Effect of Methanol Root Bark Extract of Acacia seyal on BDNF Levels in 

Mice 

There was a significant (p<0.05) decrease in BDNF levels of mice when compared to 

the unstressed group following two weeks‘ exposure to stress. Administration of AS 

(250, 500 and 1000 mg/kg) and FTX (20mg/kg) significantly (p<0.05) increased the 

expression of BDNF as compared to the stressed/distilled water group (Figure 4.19). 
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Figure 4.17: Effect of Methanol Root Bark Extract of Acacia seyal on Locomotor 

Activity Following Chronic Unpredictable Mild Stress 

Results are expressed as Mean ±S.E.M 
*
p<0.01,= significant difference as compared to 

the NOCUMS group. 
+
p<0.05= significant difference as compared to the CUMS group 

Mice were administered using One-way ANOVA followed by Bonferroni post hoc test 

CUMS= Chronic unpredictable mild stress +  distilled water (10 ml/kg, po), 

NOCUMS= No chronic unpredictable mild stress, AS= Methanol root bark extract of 

Acacia seyal , FTX= Fluoxetine  
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Figure 4.18: Effect of Methanol Root Bark Extract of Acacia seyal on Serum 

Cortisol Levels Following Chronic Unpredictable Mild Stress in Mice 

Results are expressed as Mean ±S.E.M 
***

p<0.001= significant difference as compared 

to the NOCUMS group. 
+
p<0.05, 

++
p<0.01= significant difference as compared to the 

CUMS group Mice were administered using One-way ANOVA followed by Bonferroni 

post hoc test CUMS= Chronic unpredictable mild stress + distilled water (10 ml/kg, po), 

NOCUMS= No chronic unpredictable mild stress, AS= Methanol root bark extract of 

Acacia seyal, FTX= Fluoxetine  
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Figure 4.18: Effect of Methanol Root Bark Extract of Acacia seyal on Brain 

Derived Neurotrophic Factor levels in the brain of Mice Following Chronic 

Unpredictable Mild Stress in Mice 

Results were presented as Mean±S.E.M. Data was analysed using one-way ANOVA 

followed by Bonferoni post hoc test 
***

p<0.001 compared to the unstressed group, 
+
p<0.05, 

+++
p<0.001as compared to the stressed/distilled water group. n=5-9 
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CHAPTER FIVE 

5.0 DISCUSSION 

Acacia seyalwhich has been reported to be used in the management of depression in 

traditional medicine.This study wasaimed at evaluating the antidepressant activity of the 

methanol root bark extract of A. seyal using the tail suspension test, Force swimming 

test, open field test and chronic unpredictable mild stress. 

 

The median lethal dose of AS was greater than 5000 mg/kg and did not induce mortality 

or any signs of toxicity implying it is relatively safe. This agrees with the findings of 

Saleem et al. (2016) in which similar result was reported. The Irwin test evaluates the 

qualitative effects of test substances on the behaviour and autonomic as well as the 

physiological function of a test animal which provides clues for the classification of the 

active compounds to proceed for further testing (Irwin, 1968). No death was recorded 

after administration of the extract. However, an increased ambulation and defecation 

were noticed suggesting the extract can slightly alter both autonomic and physiologic 

functions.  

 

The mouse beam walking assay was used to evaluate the effect of AS on motor 

coordination a very sensitive model in predicting clinical sedation in humans caused by 

novel drugs (Stanley et al., 2005).  In the study there was no significant increase in the 

number of foot slips, an index of motor coordination and balance, thus suggesting that 

the depressant effect of the extract might be centrally mediated and not due to 

peripheral muscular blockade (Perez et al., 1998). 
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The antidepressant activity of AS was evaluated using tail suspension test.It is a test 

approved for the assessment of antidepressant-like effects of medications (Crowley et 

al., 2005; Lad et al., 2007). The extract of AS produced a significant decrease in the 

duration of immobility in the TST. Antidepressants that inhibit serotonin and/or NA 

reuptake decrease duration of immobility and increase swinging behaviour of mice in 

the TST (Berrocoso et al., 2013). The findings in this study were similar to some studies 

that showed that antidepressants decreased the duration of immobility in TST (Jin et al., 

2013; Afsar et al., 2017). 

 

The FST differentiates between antidepressants that act via serotonergic and or 

noradrenergic mechanisms, as noradrenergic compounds selectively increase climbing 

behaviour (Detke et al., 1995) and drugs with dual effects increased both swimming and 

climbing (Rénéricand Lucki, 1998). In this study, AS caused a reduction in the 

immobility time and increase in the swimming behaviour suggesting it has a 

serotonergic mechanism of action. 

 

The open field test was used to further evaluate exploratory behaviour and general 

locomotor activity in rodents (Sousa et al., 2005; Stanford, 2007). Psychostimulants, 

convulsants, and anticholinergics are able to increase locomotor activity in the OFT and 

give a false positive result in the TST and FST (Idayu et al., 2011). Since AS did not 

produce a significant increase in locomotion, the reduction of immobility time elicited 

cannot be attributed to any psychostimulant effect. 
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It is widely accepted that improving brain monoaminergic functions is effective in 

treating depression and the serotonergic, noradrenergic or dopaminergic systems are 

targets for development of antidepressants (Lambert et al., 2000; Esposito, 2006; 

Marazziti et al., 2014). In this study, the antidepressant-like effect elicited by AS was 

reversed by pretreatment of animals with sulpiride (a dopamine D2 receptor antagonist). 

This indicates that D2 receptors might play a role in antidepressant-like effect elicited by 

AS. 

A number of clinical studies indicate that the noradrenergic system is strongly 

implicated in the pathophysiology of depression (Frazer, 2000; Nutt, 2006). The α 1and 

α 2 -adrenoceptors have been shown to underlie some of the antidepressant-like 

responses of drugs in behavioural models of depression (Danysz et al., 1986; Masuda et 

al., 2001).The results obtained from this study showed that pretreatment of mice with 

prazosin (α1 adrenoceptor antagonist) and yohimbine (α2 adrenoceptor antagonist) 

reversed the antidepressant-like effect of Acacia seyal in TST. 

 

The serotonergic system has long been implicated in the pathogenesis of depression 

(Heninger et al., 1996). Some of the most compelling evidence involves the alleviation 

of depression caused by SSRIs, which increase the availability of serotonin at the 

synapse (Malagie et al., 2002). Most conventional antidepressants directly affect 

serotonin turnover in the brain (Kreiss and Lucki, 1995), inhibit serotonin reuptake and 

also interact with 5-HT 1A and 5-HT 2 receptors (Cyran et al., 2005). Results obtained 

from the pretreatment of mice with metergoline (a non-selective 5-HT2 receptor 

antagonist) and cypoheptadine (a 5-HT2 receptor antagonist) reversed the 
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antidepressant-like effect of ASon TST, suggesting inherent activity of the serotonergic 

system in the antidepressant effect of AS. 

 

Cholinergic dysfunctions may account for the development of cognitive symptoms 

associated with depression, especially when the disease is long-lasting and treatment 

resistant. Moreover, changes in hippocampal neurogenesis may be in part mediated by 

the cholinergic system and may also relate to the cognitive disturbances diagnosed in 

depression (Dagyte et al., 2011). Results obtained from the pretreatment of mice with 

atropine (muscarinic cholinergic receptor antagonist) reversed the antidepressant-like 

effect of AS on TST. 

 

There is substantial evidence implicating the opioid system in depression (Hegadoren et 

al., 2009), suggesting that compounds that enhance opioid neurotransmission may exert 

genuine antidepressant effects (Jutkiewicz, 2006; Berrocoso and Mico, 2009). Results 

obtained from the pretreatment of mice with naloxone (opioid receptor antagonist) 

reversed the antidepressant-like effect of Acacia seyal on TST. 

 

It has become generally accepted that NO plays a significant neuromodulatory role in 

the nervous system and the pharmacological manipulation of the NO–cGMP signaling 

pathway may constitute a novel therapeutic approach for the management of depression 

(Da Silva et al., 2000). Pretreatment of mice with L- Arginine a nitric oxide substrate) 

and L-NNA (a nitric oxide synthase enzyme inhibitor) reversed the antidepressant-like 

effect of ASon TST. 
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Findings in this study provide evidence of antidepressant effects produced by AS, which 

were prevented by 5-HT2, D2, α 1 and α 2-adrenoceptor and opiodergic, muscarinic 

cholinergic receptor antagonists and nitric oxide enzyme inhibitor and substrate.  

 

Chronic stress is an important factor in depression, and changes in various body systems 

that occur in depression are similar to those observed in response to stress (Muscat et 

al., 1992). Chronic Unpredictable Mild Stress (CUMS), the most promising and 

valuable rodent model of depression is widely used to investigate and screen for 

antidepressants. In addition, as proposed by Willner and his colleagues, CUMS appears 

more suitable for studying the mechanisms of antidepressant drugs (Wilner et al., 1992). 

In the CUMS procedure, animals are exposed to different kinds of mild stress every 

day, which mimics chronic stressful life events and results in anhedonia and decrease in 

locomotor activity, the core symptoms of human depression. As a result, these 

symptoms induced by CUMS procedure can be restored by therapeutically effective 

drugs for the treatment of depression (Wilner et al., 1992; Muscat et al., 1992). 

In this study, the effect of AS on CUMS-induced depression was determined, where it 

reversed the decrease in locomotor activity. Additionally, the mechanism of action of 

AS was also evaluated regarding the involvement of the neurotrophic, and 

neuroendocrine systems. 

 

The model was considered successful following application of stressors for two 

consecutive weeks, after which decreased locomotor behaviour, increased immobility 

time, weight loss, and decreased sucrose consumptions were observed. Afterwards, an 

increase in the level of an important neuroendocrine hormone cortisol, on the HPA axis 
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pathway and the resultant depletion of BDNF, an important growth factor in 

hippocampal neurogenesis, were all associated with this model. Two weeks 

aftertreatment with AS, behavioural deficits were reversed. Mice subjected to CUMS 

showed decreased sucrose consumption, which was an indication of anhedonia 

(Almeida et al., 2015), and is one of the key symptoms of depressive disorders. It has 

been postulated that depressed individuals show poor responses to rewards. The 

depressed mice after treatment with either fluoxetine or AS did not significantly 

consume more sucrose than the CUMS mice. 

In TST, the unstressed mice had shorter durations of immobility compared to the 

CUMS mice, indicating less behavioural despair. This was so because depressed 

individuals do not struggle to overcome stressful events in daily life but, instead, show 

behavioural despair (Evans et al., 2012). In this study, these behavioural symptoms 

were simulated by CUMS and reversed by treatment with fluoxetine and AS. 

 

The stressed and depressed mice displayed a decrease in locomotor activity in OFT 

when compared with the unstressed mice, indicating a loss of interest in external 

stimuli. However, treatment with AS reversed the impaired locomotor activity mice to 

normal. This result supported the fact that the antidepressant action of AS is specific at 

the doses tested and is not associated with any stimulating locomotor activity. 

 

A loss in body weight was observed in the CUMS mice, while the unstressed group 

gained weight all through the experiment. However, there was no statistical difference 

between AS, fluoxetine, and CUMS mice during 2 weeks‘ exposure to stressors. 

Afterwards there was no significant increase in body weight following 2 weeks‘ 

treatment with AS and fluoxetine. 
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The occurrence of depressive symptoms is closely related to the decrease of monoamine 

neurotransmitters, which are involved in HPA axis hyperactivity (Zhao et al., 2018). 

Long-term exposure to chronic stress can induce HPA axis hyperactivity, which has 

been found to cause a reduction in monoamine neurotransmitters in the central and 

peripheral nervous systems as well as an increase in serum levels of cortisol 

(Khajehnasiri et al., 2013). The resultant disruption in the HPA axis is a manifestation 

of depressive behaviour. Antidepressants relieve HPA axis hyperactivity, improve the 

levels of monoamine neurotransmitter, and also decrease the levels of excess cortisol in 

circulation. In this study, AS significantly reversed hyperactivity in the HPA axis by 

reducing serum cortisol levels. Therefore, the antidepressant effect of AS on CUMS 

mice may involve the inhibition of the HPA axis and upregulation of the monoamine 

levels. This further support the findings that AS could exert its antidepressant effect by 

normalizing HPA axis hyperactivity through cortisol levels regulation. 

 

The neurotrophic hypothesis has been found to be worthy of attention in recent years in 

addition to the monoamine hypothesis (Liu et al., 2018). Brain derived neurotrophic 

factor (BDNF) is essential for neuronal plasticity and survival in the adult brain (Mizui 

et al., 2016). Alterations of brain BDNF levels in the pathophysiology of depression and 

the effects of antidepressants depend on brain areas (Yu and Chen, 2011). An increase 

of the hippocampal BDNF following chronic antidepressant treatment is associated with 

neurogenesis (Lyon et al., 2011), while the antidepressant action in the prefrontal cortex 

relates to synaptic plasticity (Sairanen et al., 2007). 

In this study, AS and fluoxetine increased BDNF levels in the brain. The findings of this 

study suggest that AS possesses neuroprotective effect that may be beneficial against 

depression. The results obtained in this study are similar to those of others researches in 



81 
 

which BDNF concentrations were reduced in the brain of mice exposed to CUMS and 

reversed by administration of antidepressants (Dong et al., 2014; Boonlert et al., 2017). 

 

Medicinal plants contain a wide range of metabolites for the management of symptoms 

associated with various mental disorders (Rahimi and Abdollahi, 2012; Farzaei et al., 

2013; Farahani et al., 2015). Phytoconstituents such as alkaloids, flavonoids and 

saponins have been reported to possess antidepressant properties (Nesterova et al., 

2011; Xiong et al., 2011; Fajemiroye et al., 2014). Flavonoids have been widely studied 

for their antidepressant effect. Naringenin is one of the flavonoids in grapefruit 

(Felgines et al., 2000), represented its antidepressant effect by elevation of 5-HT, NE, 

and BDNF levels as well as glucocorticoidreceptors (Yi et al., 2010, 2012, 2014).  

 

The serotonergic, noradrenergic, and dopaminergiceffects of berberine, an isoquinoline 

alkaloid of barberry, have been demonstrated in several studies (Peng et al., 2007; 

Bahramsoltani et al., 2015; Perviz et al., 2016). Berberine acts via the l-arginine-NO-

cGMP pathway as well as δ opioid receptors. Nitric Oxide synthase (NOS) converts l-

arginine to NO, which results in elevation of intracellular cGMP in neuronal cells. 

Previous studies demonstrated the antidepressant activity of NOS inhibitors and the role 

of NO in depression pathophysiology (Kulkarni and Dhir, 2007; Freitas et al., 2013). 

Glycyrrhizin, a triterpene saponin from derived from the underground parts 

of Glycyrrhiza plant known as Chinese licorice (Seki et al., 2008) was found to possess 

antidepressant effect by the involvement of α1 adrenoceptor and DA D2receptor 

(Dhingra and Sharma, 2005). 
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The phytochemical screening showed that AS contained phytoconstituents such as 

alkaloids, flavonoids and saponins which may be responsible for the observed 

antidepressant like effects of AS seen in this study. 
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CHAPTER SIX 

6.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS 

6.1 Summary 

Phytochemical screening of methanol root bark extract of A. seyal revealed the presence 

of secondary metabolites such as alkaloids, saponins, tannins, flavonoids, 

steroids/triterpenes and carbohydrates. 

Oral acute toxicity study of AS showed that it was relatively safe. Pharmacological 

studies provided some scientific rationale for the use of Acacia seyal in the management 

of depression.  

Mice were subjected to chronic unpredictable mild stress (CUMS)-induced depression. 

The methanol root bark extract of Acacia seyal showed no significant effect on weight 

and anhedonia. However it reversed the decrease in the duration of immobility and the 

number of lines crossed induced by CUMS-induced depression following two weeks of 

treatment. 

The study established the possible mechanism of action of Acacia seyal, which include 

the involvement of monoaminergic, opioidergic, cholinergic, nitric oxide, neurotrophic 

and neuroendocrine systems.   

6.2 Conclusion 

The methanol root bark extract of Acacia seyal possesses antidepressant activity 

providing scientific rationale for the traditional use of the plant in the management of 
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depression. The antidepressant activity of the extract may possibly be mediated via 

monoaminergic, opioidergic, cholinergic, nitric oxide pathway, neurotrophic and 

neuroendocrine systems. 

6.3 Recommendations 

1. There is need to carry out bioassay guided fractionation to isolate and test the 

bioactive constituents responsible for the antidepressant activity of Acacia seyal 

2. A chronic toxicity study needs to be carried out to ascertain the safety of Acacia 

seyal 

3. There is a need to evaluate the possible involvement of the neuro-inflammatory 

pathway in the antidepressant activity of the plant. 

6.4 Contributions to Knowledge 

1. The study provided some scientific rationale for the folkoric use of Acacia seyal 

in the management of depression. 

2. The study showed Acacia seyal is a promising plant with antidepressant action 

on Chronic unpredictable mild stress induced depression. 

3. The study established the possible mechanisms of action of methanol root bark 

extract of Acacia seyal which involve neurotransmitter (dopaminergic, 

serotonergic, adrenergic, opioidergic and muscarinic), neurotrophic (brain 

derived neurotrophic factor) nitric oxide and neuroendocrine (cortisol) systems.    
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APPENDICES 

Appendix I: Effect of Methanol Extract of Acacia seyal s on Motor Coordination 

in Mice  

Treatment (mg/kg) Number of foot slips 

Distilled water 10 ml/kg 4.20±0.37 

AS 250 1.40±0.40 

AS  500 2.80±0.86 

AS  1000 4.00±0.68 

Diazepam 10 10.00±1.22
*
 

 

Values are expressed as Mean ± S.E.M; 
*
p≤ 0.05 compared to distilled water (One way 

ANOVA followed by Dunnettpost hoc test) n=6, AS = Methanol extract of Acacia seyal 
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Appendix II: Effect of Methanol Root Bark Extract of Acacia seyal on Duration of 

Immobility of Mice in Tail Suspension Test 

Treatment (mg/kg) Duration of immobility(s) 

Distilled water 10 ml/kg 232.87±10.29 

AS 250 152.83±18.02
*
 

AS  500 84.7±17.29
***

 

AS  1000 135±9.85
**

 

Fluoxetine 20 68.67±20.58
***

 

 

Values are expressed as Mean ± S.E.M; 
*
p≤ 0.05, 

**
p≤ 0.01, 

***
p≤ 0.001 compared to 

distilled water (One way ANOVA followed by Dunnettpost hoc test) n=6, AS = 

Methanol extract of Acacia seyal 
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Appendix III: Effect of Methanol Root Bark Extract of Acacia seyal on Duration of 

Immobility of Mice in Forced Swim Test 

Treatment (mg/kg) Duration of immobility(s) 

Distilled water 10 ml/kg 160.67±4.37 

AS 250 30.83±6.78
**

 

AS  500 42.67±49.42
***

 

AS  1000 60±13.92
**

 

Fluoxetine 20 40.17±3.83
***
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Values are expressed as Mean ± S.E.M;  
** 

= p< 0.01, 
***

 = p<0.001 compared to 

distilled water (One way ANOVA followed by Dunnettpost hoc test) n=6, AS = 

Methanol extract of Acacia seyal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix IV: Effect of Methanol Root Bark Extract of Acacia seyal on Line 

Crosses Activity in Mice in the Open Field Test 

Treatment (mg/kg) Number of line crossing 

Distilled water 10 ml/kg 48.83±10.16 

AS 250 73.83±36.47 
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AS  500 90.50±17.10 

AS  1000 89.17±1.43 

Diazepam 0.5 147.17±12.49
***

 

 

Values are expressed as Mean ± S.E.M; 
***

 = p<0.001 compared to distilled water (One 

way ANOVA followed by Dunnettpost hoc test) n=6, AS = Methanol extract of Acacia 

seyal 
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Appendix V: Effect of Methanol Root Bark Extract of Acacia seyal on Serum 

Cortisol Levels Following Chronic Unpredictable Mild Stress in 

Mice 

Treatment (mg/kg) Concentration(ng/ml) 

NOCUMS 0.159±0.017 

CUMS 1.222±0.464
***

 

CUMS + AS 250 0.155±0.025
++

 

CUMS + AS  500 0.121±0.029
++

 

CUMS + AS  1000 0.192±0.004
+
 

CUMS + Fluoxetine 20 0.116±0.023
++

 

 

Results are presented as Mean ±S.E.M. Data was analysed using One-Way ANOVA 

followed by Dunnett post hoc test
 ***

p<0.001 as compared to the unstressed group, 
+
p<0.05,

++
p<0.01, 

+++
p<0.001 as compared to stressed/ CMS group 
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Appendix VI: Effect of Methanol Root Bark Extract of Acacia seyal on Brain 

Derived Neutrophic Factor Levels in the brain of Mice Following 

Chronic Unpredictable Mild Stress 

Treatment (mg/kg) Concentration(pg/ml) 

NOCUMS 1262±78.12 

CUMS 692.6±39.21
***

 

CUMS + AS 250 1031±80.69
++

 

CUMS + AS  500 1026±107.57
++

 

CUMS + AS  1000 1017.8±61.05
+
 

CUMS + Fluoxetine 20 1229.4±44.15
+++

 

 

Results are presented as Mean ±S.E.M. Data was analysed using One-Way ANOVA 

followed by Dunnett post hoc test
 ***

p<0.001 as compared to the unstressed group, 
+
p<0.05,

++
p<0.01, 

+++
p<0.001 as compared to stressed/ CUMS group 

 

 


