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ABSTRACT

Depression is one of the most common neuropsychiatric disorders and is associated with
dysfunction of the neuroendocrine system and alterations in specific brain proteins. Boophone
disticha (BD) is an indigenous psychoactive bulb that belongs to the Amaryllidacae family,
which is widely used in Southern Africa to treat depression, with scientific evidence of potent
antidepressant-like effects. The present study examined the antidepressant effects of BD and
its mechanisms of action by measuring some behavioural parameters in the elevated plus maze,
light dark box, open field forced swimming, brain content of corticosterone, brain derived
neurotropic factor (BDNF), and neuroblast differentiation in the hippocampus of Balb/c mice
exposed to the five-day repeated forced swim stress (5dRFSS) and 28 days chronic restraint
stress. Male Balb/c mice were subjected to the 5dRFSS and 28 days chronic restraint protocols
to induce depressive-like behaviour (decreased swimming, increased floating, decreased open
arm entry, decreased time spent in the open arms and decreased head dips in the elevated plus
maze test, increased time in dark box in the light dark box test, reduced frequency of rearing
and increased time on the sides of the open field in the open field test), and treated with distilled

water, fluoxetine and BD.

Three weeks Boophone disticha treatment (10mg/kg/p.o) significantly attenuated both the
5dRFSS and chronic restraint-induced behavioural abnormalities and the elevated brain tissue
corticosterone levels observed in stressed mice. Additionally, 5dRFSS exposure significantly
decreased the number of neuroblasts in the hippocampus and BDNF levels in the brain of
Balb/c mice, while fluoxetine and BD treatment attenuated these changes. In the chronic
restraint stressed mice, similar effects of BD treatment were observed after 21 days of
treatment, however, the levels of corticosterone were not different in control and stressed
animals, probably due to habituation to stress. In both 5dRFSS and chronic restraint stress, the

antidepressant effects of BD were comparable to those of fluoxetine, but unlike fluoxetine, BD



did not show any anxiogenic effects, suggesting better pharmacological functions. It is
important to note that in chronic restraint stress mice, it appeared that animals seemed to have
habituated to stressful conditions, demonstrated in part by brain tissue levels of corticosterone
that were not elevated in stressed animals treated with distilled water. However, BDNF levels
remained significantly low in stressed animals treated with distilled water, suggesting that the

effect of chronic stress in this parameter were not reversed when animals habituated.

In conclusion, our study shows that BD exerted antidepressant-like effects in both 5dRFSS and
chronic restraint stress mice, mediated in part by normalizing brain corticosterone and BDNF
levels. Due to some degree of habituation in chronic stress model, caution should be exercised
when evaluation effects of treatment in different parameters to evaluate antistress effects of
tested agents, particularly levels of corticosterone. Furthermore, the persistent low levels of
BDNF suggest that habituation of animals to chronic stress is due to normalising levels of
corticosterone but not BDNF. The above occurrence could suggest that recovery from chronic
stress without antidepressant treatment could alleviate other behavioural symptoms but not

cognitive impairment which is influenced in part by BDNF levels.
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CHAPTER ONE

1.0 INTRODUCTION

World Health Organization identifies depression as one of the leading causes of morbidity and
mortality worldwide (Jogdand, 2014). Depression is a complex disease that can occur as a
result of a multitude of different factors, including biological, emotional, and environmental
influences (Zayka et al., 2015). Diagnosis of depression is mainly based on symptomatic
behavioural criteria, such as depressed mood, low self-esteem, and recurrent thoughts of death
and suicide. The heterogeneity of depression suggests that multiple different biological
mechanisms may underlie its aetiology (Anacker, 2014). It is estimated that 40% risk of
developing depression is genetic, though the specific genes involved are partially understood
(Homung and Heim, 2014). The other 60% non-genetic risk remains poorly defined, with
diverse theories implicating acute or chronic stress, childhood trauma, viral infections, and
even random processes during brain development as possible causes (Kessler el. al, 2003).

In addition to structural, learning and memory changes observed in depression, chronic stress
results in dendritic remodelling i.e dendritic atrophy and spine loss in the hippocampus
(Sierakowiak et al., 2015). It has also been shown that chronic stress causes a decrease in cell
proliferation and concomitant increase in granule cell death in the dentate gyrus of the adult
hippocampus (Saaltink and Vreugdenhil, 2014). There is however, no evidence to date to show
if stress reduces the total number of neurons in the hippocampus and if so, the cellular
mechanisms by which this neuronal loss occurs (Kheirbek and Hen 2013).

Other reports suggested that dendritic restructuring, decreased hippocampal neurogenesis, and
decreased neuronal cell survival associated with stress may provide a cellular basis for the
impairments seen in the brains of patients with depression (Qiao et al., 2016). Several studies
have also shown that stress and depression causes a reduction in hippocampal neurotrophin

levels, including brain derived neurotropic factor (BDNF), leading to dysfunction of the



cholinergic system (Smith et al., 1995; Kaneko et al., 2006). The neurotropic factor family has
been the focus of much of the work on stress and depression, and the most widely studied
member of this family is BDNF (Duman, 2002). Brain derived neurotropic factor, nerve growth
factor (NGF) and neurotrophin-3 (NT-3), influence the proliferation, differentiation, and
growth of neurons during development, but are also expressed in the adult brain and play a
critical role in the survival and function of mature neurons (McAllister, 2002). High levels of
BDNF are expressed in limbic brain structures implicated in mood disorders, including the
hippocampus, prefrontal cortex, and amygdala, and act through a transmembrane tyrosine
kinase receptor referred to as TrkB (Tanis et al., 2007). Exposure to immobilization stress
results in a dramatic reduction in levels of BDNF in the rodent hippocampus (Smith et.al, 1995)
relative to the major subfields of the CA3 pyramidal cell layer and granule cell layer of the
hippocampus whereas dendritic atrophy and decreased neurogenesis are observed respectively
in response to stress (Smith et.al, 1995). Although there is no evidence suggesting that
depression associated anatomical and chemical changes in the hippocampus involve a change
in neuronal number, antidepressants may supposedly mediate their long-term therapeutic
effects by triggering cellular mechanisms that counteracts the structural impairments.

Czen et al, (2001) further demonstrated that chronic, not acute, treatment with the atypical
antidepressant tianeptine, reverses the stress-induced impairments such as changes in
metabolite concentrations, decreases in neurogenesis and reduction in volume of the dentate
gyrus in the hippocampus. A study by Pawluski et.,al, 2014 showed that minipump
administration of fluoxetine in female rats increased cell proliferation in the hippocampal
granular cell layer.

Most of the current antidepressant drugs have undesirable side effects and are beyond the reach
of many South Africans, and Africans in general. As a result, the populace mainly relies on

alternative and complimentary traditional medicines for antidepressant therapeutics. These



factors have led to an investigation into natural products and herbal medicines with potential
anxiolytic and antidepressant properties including Boophone disticha (BD) as affordable and
easily accessible alternatives to conventional antidepressants. Therefore, the present study
evaluated the anxiolytic/ fluoxetine-like action of BD in search for a cheap, easily available
and accessible alternative to modern conventional antidepressant drugs.

Boophone disticha (L) (family Amaryllidaceae; tumbleweed/sore-eye flower) is an indigenous
psychoactive bulb that is widely used in Southern Africa. Boophone disticha belongs to the
Amaryllidaceae family, Boophone genus, which can be found throughout Southern and
Tropical Africa (Gadaga et al., 2011). It has been reported that South African traditional healers
use the bulbs and leaves of Boophone disticha to treat anxiety (Sandager et al., 2005). The
study done by Gadaga and colleagues (2011), described the neurotoxicological effects of the
Boophone hydro-ethanolic extract ranging from mild tremors to limb paralysis and death at
high doses. In the above study, the LD50 was estimated to be above 120 mg/kg, while 50
mg/kg dose showed little toxicity, and hence 50 mg/kg was recommended for therapeutic
purposes. A dose of 10mg/kg has previously been shown to significantly reduce mean arterial
pressure in mice (Pote et.al, 2014). In addition to the above, crude extracts of the leaves of
Boophone disticha have been shown to have affinity for the selective serotonin reuptake
inhibitor (SSRI) site of the serotonin transporter (Pedersen et al., 2008). Furthermore, two
alkaloids isolated from Boophone disticha (buphanadrine and buphanamine), have been shown
to be responsible for binding to the selective serotonin reuptake inhibitor (SSRI) site of the
serotonin P transporter (Cheesman et al., 2012). These mechanisms may partially explain why
Boophone disticha is used traditionally for the management of anxiety and depression. Thus,
much needs to be done in current and future studies to test this hypothesis. The focus of the

present study is to validate if a crude extract of Boophone disticha has any anxiolytic-like



and/or antidepressant-like activity and its effects on the chemical neuroanatomy using the
established mouse models of depression.

Available literature showed no report on the effects of Boophone disticha treatment on
disorders due to stress on behaviour and brain structure in animal models of depression, and
the present study is designed against this backdrop to elucidate the neuro-therapeutic effects of
the hydroethanolic extract of the bulbs of Boophone disticha. This study further, attempts to
bridge the knowledge gap between the toxicity and beneficial effects of Boophone disticha in
in-vivo treatment of anxiety disorders in an effort to further extend the frontiers of the search
for suitable, affordable and available antidepressant drugs from traditional herbs.

Boophone disticha is expected to demonstrate antidepressant, anxiolytic and neuroprotective

effects in the mouse models of depression.



CHAPTER TWO
LITERATURE REVIEW

2.1 Overview of depression

Major depressive disorder is a devastating mental illness that has profound effects in the quality
of life of the affected individuals. Symptoms of depression that mostly affect the individuals
quality of life include low-self esteem, poor concentration, sleep disorders, loss of pleasure and
interest, and sadness amongst other things (Depression, W.H.O., 2017). While the aetiology
underlying this disorder is not clearly understood, psychosocial stress is one of the major
factors implicated in this condition (Costello et at., 2002; Yang et al., 2015). Stress is described
as the external or internal events or conditions that affect the organism (Goldberger and
Breznitz, 2010). These adverse events challenge the equilibrium in an organism’s physiological
state, triggering a cascade of adaptive responses (Chrousos and Gold, 1992; Chrousos, 2009).
It has been suggested that the ability of an individual to respond to stress is influenced by
genetic factors, with the inheritability of 32 to 38% chances (Feder et al., 2009). The
hypothalamic pituitary adrenal (HPA) axis is an essential component of the stress system, and
its accurate functioning is crucial for the success of the adaptive response to stress (Tsigos, and
Chrousos, 1994). The response to stress is meant to be temporal, to restore the physiological
equilibrium and disappear (Tafet and Nemeroff, 2016). However, chronic stressful conditions
result into maladaptive behaviours that lead to pathological conditions such as mood disorder

including depression (Caspi et al., 2003; Heim et al.,2008; Nemeroff and Seligman, 2013).

2.2 Prevalence of depression
The report by the Institute of Health Metrics and Evaluation indicated that 280 million people,
including 23 million children and adolescents, were living with depression in 2019 (Institute

of Health Metrics and Evaluation, 2021). The burden of depression has been shown to be high



in both males and females across the entire life span in many locations around the world (GBD
2019 Mental Disorders Collaborators, 2022). However, studies have shown that the prevalence
of depression is higher in females (5.1%) compared to males (3.6%) (Ferrari et al., 2013). There
is also evidence that despite many majors put in place to reduce the impact of depressive
disorders globally, no reduction in prevalence of depression is realized since 1990 (Patel et
al.,2016). The African continent is no exception to the pandemic of depression representing
about 10% of the global burden of mental (WHO, 2017). A review by Gbadamosi et al. 2022
noted that the epidemiological data in Sub-Saharan African countries is poor with only a few
countries, including South Africa, represented in the published data. The disease was
aggravated by the outbreak of SARS-COVID-19 pandemic which caused a 25% increase in
prevalence of depression worldwide (COVID-19, WHO, 2022). One study estimated that 53.2
million new depression patients were added globally after the outbreak of COVID-19
throughout the year 2020 (Santomauro et al., 2021). In areas like the African continent where
poverty and mental health issues already have a negative interaction in these vulnerable
population, COVID-19 had a significant negative impact (Alvarez-Iglesias et al., 2021). The
increase in prevalence of depression after COVI-19 outbreak has become one of the main
driving factors for plant derived antidepressant agents that can be used with easy access and

minimal negative effects (Fedorova et al., 2021).



2.3 Endocrine process in depression

Hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis is among the most prevalent
biological findings in major depression (Baumeister et al., 2016). Altered levels of cortisol is
one of the important varieties of hormonal abnormalities, indicating the existence of endocrine
disturbances, more specifically the dysfunctions in the hypothalamic-pituitary- adrenal (HPA)
axis (Brigitta, 2002). The HPA axis consists of positive and negative feedback loops that
involve the brain, pituitary, and adrenal glands, which regulates glucocorticoid production
(Keller et al., 2017). When environmental stress is experienced, monoamines, serotonin,
norepinephrine and dopamine are released from the amygdala, hippocampus, and other brain
regions (Manke, 2019), which triggers the paraventricular nucleus (PVN) of the hypothalamus
to synthesize corticotrophin-releasing hormone (CRH). This hormone binds to corticotropin-
releasing hormone receptor one (CRH1) and two (CRH2) in the anterior pituitary. The binding
of the CRH causes secretion of the adrenocorticotropic hormone (ACTH) into the circulation,
which activates the production and release of glucocorticoids (GCs) in the adrenal glands
(cortisol in humans, corticosterone in rodents). Homeostasis is restored by the negative
feedback mechanisms initiated by binding of GCs to glucocorticoid receptors (GR) of the
hippocampus, hypothalamic paraventricular nucleus (PNV) and the anterior pituitary gland,
inhibiting further release of CRH (Figure 2.1) (de Kloet., 2005). However, in the major
depressive disorder (MDD), the sensitivity of the GR is impaired leading to a reduced negative
feedback mechanism resulting in hypersecretion of CRH and an elevated production of GCs
(Holsboer, 2000). These elevated levels result into HPA shifting into high set point causing
prolonged elevated HPA activity in patients with MDD (Raison and Miller, 2003, Young et
al., 2003). In 2020, a Human Sciences Research Council conducted a study which showed that

33% of South Africans were depressed (Nguse and Wassernaar, 2021).
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Figure 2.1: Regulation of corticosterone in HPA axis:

Exposure to stress stimulate the hypothalamus to secret corticotrophin releasing hormone
(CRH). The CRH activates the adreno-corticotropic hormone (ACTH) in the pituitary gland.
Aceto-corticotrophin hormone stimulates the adrenal gland to release corticosterone (CORT).
Corticosterone will than bind to the glucocorticoid receptor and form GR complex which
subsequently undergoes dimerization. The binding of the GR complex to CRH and ACTH
makes a closed loop that results into a negative feedback (Sriram et al., 2012).

Furthermore, changes in serotonin receptors are some of the effects of hypercortisolism (Angst
et al., 2007, de Kloete, 1998), which are thought to be the mechanism for specific symptoms
observed in severe MDD (Leonard, 2005).

In humans, association between MDD and cortisol levels seems to be dependent on the stage
and severity of the disease (Nandam et al., 2020). A study using dexamethasone suppression
testing recorded no differences in salivary and serum cortisol levels between controls and
patients who had chronic MDD for more than two years (Watson et al., 2002). On the contrary,
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high cortisol levels were observed in remitted MDD patients compared to controls after
exposure to a visual stress cue (Holsen et al., 2013). The above suggests that in remitted MDD,
persistent hyperresponsiveness to dexamethasone can be used to predict relapse, while in
chronic MDD, cortisol levels do not provide prognostic information (Zobel et al., 2001;
Watson et al., 2002).

In addition, a number of studies have shown that severity of MDD is proportional to cortisol
levels, with more severe subtypes, like melancholic and psychotic, consistently displaying
elevated baseline cortisol levels than atypical MDD which is a less severe subtype (Zobel et
al., 2001; Posener et al., 2000; Schatzberg et al., 2014; Keller et al.,2006; Karlovi¢ et al., 2013).
Early life stress (ELS) is one of the factors that are responsible for programming responses to
abnormal adult corticosterone during stressful events (Hunter et al., 2011). Changes to GR and
mineralocorticoid receptor (MR), glucocorticoid resistance and increased central CRH activity
are the potential mechanisms via which responses to corticosterone changes are programmed
(Heim and Binder, 2012, Juruena, 2014). Impairment of HPA axis in adulthood has been
recorded in a number of childhood trauma associated psychiatric disorders including MDD,

suggesting persistent abnormal cortisol into adulthood (Heim et al., 2001).

2.4 Neurotransmitter systems in depression

Neurotransmitters are important connecting molecules in the transmission of neural signals
with precision and intensity at either presynaptic or postsynaptic level (Branco and Staras,
2009). In the 1750’s, effective antidepressant drugs were introduced stimulating the interest in
the brains neurochemistry and neurotransmission system (Palazidou, 2012). Deficiency of
mono-amine neurotransmitters together with the abnormal function of the neurotransmitter
receptors is the biological etiology of the major depressive disorder (MDD) (Liu et al., 2020).

Abnormalities in expression of dopamine (DA), serotonin (5-HT), and norepinephrine (NE)



monoamine neurotransmitter systems has been observed in several neuronal circuits in
different regions of the brains of subjects with MDD (Castren, 2005; Hamon and Blier, 2013).
The disruption of monoamine neurotransmitters has a potential to affect the function of their
receptors.

Decreased levels of DA in the receptors causes over excitability of the amygdala due to failure
of inhibition from the frontal cortex, resulting in fear and pathological anxiety (Liu et al., 2018).
The D2 receptor subtype of DA has been specifically found to have lower density in patients
with anxiety disorders compared to their heathy counter parts (Shin and Liberzon, 2010).
Reports by previous researchers recorded evidence that decreased expression of DA receptors
in the striatal pathways, with enhanced activity of the insula and adjacent operculum, play a
role in mood alterations and related behaviours including eating disorders (Stice et al., 2009;
Frank et al., 2012), suggesting that the regulation of mood by the dopaminergic system is
through the insula.

Furthermore, it has long been hypothesized that decreased activity of 5-HT pathways is part of
the mechanism in the pathophysiology of depression (Coppen A, 1967; Hogenelst et al., 2016).
The administration of reserpine in humans has been shown to deplete brain stores of 5-HT and
to interfere with its synaptic vesicles, resulting into depressive symptom (Shore et al., 1955).
Further research noted that reserpine induced depressive symptoms could be reversed by
monoamine precursors (Hirschfeld, 2000). In addition, patients with MDD have been shown
to have lower 5-HT serum concentrations compared to healthy controls, suggesting 5-HT
deficiency in patients with MDD (Bot et al., 2015; Phillips, 2017). A number of studies have
recorded low levels of primary metabolite of 5-HT (5-HIAA) in patients with MDD,
specifically those exhibiting suicidal behaviour (Kruesi et al., 1990; Asberg, 1997; Placidi et
al., 2001). The low concentrations of 5-HT observed in MDD are probably due to low neuronal

5-HT synthesis and abnormal function of 5-HT receptors (Artigas, 2013). At least five of the
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fourteen 5-HT receptor subtypes: 5-HT1A, 5-HT1B, 5-HT4, 5-HT6, and 5-HT7 presumably
play a role in depression (Hamon et al., 1990; Beck et al., 1992; Riad et al., 2000; Richardson-
Jones et al., 2010).

The subsequent development of selective serotonin reuptake inhibitors (SSRIs), that work by
increasing availability of 5-HT in the receptors ameliorating depressive symptoms in patients,
supported the theory that 5-HT systems are a biochemical basis for MDD (Cowen, 1990). A
preclinical study in transgenic mice discovered that altering levels of raphe 5-HT1A
autoreceptors is a determining factor to response and no response to antidepressant treatment
(Richardson-Jones et al., 2010). The above study found mice with lower levels of 5-HT1A
autoreceptors to be more resistant to stress, with better response to SSRI treatment than mice
that had elevated levels of 5-HT1A autoreceptors. Furthermore, mice exhibiting decreased
levels of 5-HT1A autoreceptors have also been shown to respond to acute treatment with SSRIs
in novelty suppressed feeding (NSF), a behavioural paradigm that usually responds to chronic
antidepressant treatment of at least 14 days (Richardson-Jones et al., 2010; Samuel and Hen,
2011) indicates that the negative feedback of raphe 5-HT1A autoreceptors has a temporal
limiting effect in behavioural response to SSRI treatment (Yohn et al., 2017).

The involvement of NE in the pathophysiology of depression was proposed in 1979, whereby
it was suggested that depressive symptoms are caused in part by the reduction of NE in the
central nervous system (Zis and Goodwin, 1979). Further research has shown that inability to
adequately regulate stress response is one of the key factors in the pathophysiological of
depression (Carboni et al., 2010; Weger and Sandi, 2018). Several studies have shown that
there is overstimulation of NE in MDD patients (Yehuda et al., 1998; Mausbach et al., 2005;
Nutt et al., 2006). In addition, norepinephrinergic neuronal cell bodies have been recorded to

have increased binding of agonist ligands at a2-adrenergic autoreceptors, indicating higher
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activity of these NE autoreceptors, which is indicative of reduced noradrenergic

neurotransmission in MDD (Hamon and Blier, 2013).

2.4.1 Inflammatory process in depression

Activated inflammatory pathways and increased proinflammatory cytokines have been
observed in patients with major depression (Raison et al., 2006; Miller et al., 2009, Stetler and
Miller, 2011). Furthermore, cytokines reach the brain and interact with neurotransmitter
metabolism, neuroendocrine function, neural circuitry, and synaptic plasticity, all of which
plays a role in pathophysiology of depression (Borden and Parkinson, 1998). In the brain,
cytokine signals stimulate synthesis, release, and reuptake of dopamine, norepinephrine and
serotonin, which are mood-relevant neurotransmitters (Felger et al., 2007; Anisman et al.,
2008; Miller, 2009). Other effects of proinflammatory cytokines are on the HPA-axis where
they cause increase in levels of CRH and ACTH, as well as cortisol in patients suffering from

depression (Besedovsky and del Rey, 1996; Pariante and Miller, 2001).

Prolonged activation of cytokine networks in the brain systems can cause dysregulation of
cognitive function and glial/neuronal circuits thereby contributing to the pathophysiology of
depression (Miller et al., 2009). Increased serum and plasma concentrations of interleukin 6
(IL-6) and C-reactive protein (CRP) are frequently observed inflammatory markers in
depressed patients (Howren et al., 2009). In addition, BDNF, an important requirement of
antidepressant response which fosters neurogenesis has been shown to be reduced by increased
levels of interleukin beta (IL-1pB), tumour necrosis factor (TNF) and necrosis factor caper beta
(NF-xB) in stress-induced animal models of depression (Goshen et al., 2008; Koo et al., 2010).
Furthermore, inflammatory mediators have been associated with depressive symptoms,
whereby both acute and chronic administration of cytokines/cytokine inducers like

lipopolysaccharide (LPS) can cause behavioural symptoms similar to those seen in patients
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with major depression (Reichenberg et al., 2001; Brydon et al., 2008). Elevated levels of
hippocampal TNF-a and IL-1 and cognitive impairment have been observed after peripheral
administration of LPS resulting from reduction in expression of hippocampal BDNF (Wu et
al., 2007). Additionally, hippocampal dependent learning and memory, synaptic plasticity and
neuronal survival are linked to BDNF and its signalling pathways, partially explaining the
cognitive impairment seen with elevated levels of proinflammatory cytokines (Sairanen et al.,

2005).

2.4.2 Genetic predisposition in depression

Epidemiological evidence suggests that heritability of bipolar disorders is about 80% based on
the studies done on twins, adoption and family, where genetic factors were found to play a
significant role in the aetiology of affective sicknesses (Berrettini, 1999). Furthermore,
development of the MDD has been found to have a very strong dependence on gene-
environmental interactions (Kendler et al., 1997; Klengel and Binder, 2015; Binder, 2017).
Gene—environment interaction is a different effect of an environmental exposure on disease
risk in persons with different genotypes or a different effect of a genotype on disease risk in
persons with different environmental exposures (Ottman, 1996). The pioneering study on
gene-environment interaction in depression was done in 2003, and demonstrated close
interaction between a functional polymorphism in the serotonin transporter gene (5-HTTLPR)
and stressors that predict depression (Caspi et al., 2003). Additionally, a study done in healthy
male adults who were exposed to public speaking stress task showed significant effect of the

BDNF Val66Met polymorphism on HPA-axis reactivity (Alexander et al., 2010).
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2.5 Neuroanatomy of depression

The connection between the cingulate gyrus, hippocampus, the hypothalamus and the anterior
thalamic nuclei, the structures collectively referred to as a limbic system, was first described
by James Papez in 1937. He described the above circuit as a communication between these
brain structures that plays a role in the storing of memory and also enabling the cortex to control
the emotions. Further advances in technology including the introduction of neuroimaging
techniques broadened the knowledge on the importance on ‘neurocircuit of emotion’ where the
prefrontal cortex (PFC) was also found to play a role in the circuit (Pelazidou, 2012). This
circuit has been shown to be responsible for maintaining emotional stability, and the
destruction in the structures involved in it is believed to be central to the pathophysiology of

depression.

2.5.1 The role of the prefrontal cortex in depression

The PFC is located anterior to the premotor and the primary motor area of the frontal cortex.
It is divided into three main parts: (i) the dorsolateral, (ii) the paralimbic, and (iii) the anterior
cingulate cortex (ACC). The ventromedial (VMPFC) and the dorsolateral (DLPFC) connect
with each other via the cingulate gyrus and the hippocampus (Pelazidou, 2012).

Decreased activity of the PFC, including its connections to and from other depression linked
limbic and subcortical structures, has been observed in depressed patients (Savitz and Drevets,
2009). Previous studies conducted on MRIs of MDD patients have shown large volumetric
reduction in anterior cingulate cortex (ACC) and orbitofrontal cortex (OFC) (Koolschijn et al.,
2009; Gray et al., 2020). In addition, MMD patients with large grey matter volume in the right
dorsal anterior cingulate cortex (dACC) and right inferior frontal gyrus have better clinical
outcomes and fewer symptoms of depression (Serra-Blasco et al., 2016). Studies in rodents

found the right ventromedial prefrontal cortex (vmPFC), an analog of the human subgenual
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cingulate cortex (sgACC) is of critical importance in the regulation of HPA axis (Sullivan and
Gratton, 1999).

Chronic stress that lasts for a number of days to weeks is known to induce behavioural
depressive symptoms and brain structural changes (Ferenczi et al., 2016; Willner, 2017). The
structural changes due to chronic stress are not only limited to the amygdala and hippocampus,
but they also involve the PFC that includes dendritic spine density amongst other changes

(McEwen and Morrison, 2013; McEwen et al., 2016).

2.5.2 The role of amygdala in depression

The amygdala is a brain structure connected to the superior aspect of the hippocampus. It plays
an important role in processing emotions, affective state, conditioning of fear and social
behaviours (Fox and Shackman, 2019; Hur et al., 2019; Janak and Tye, 2015; Lindquist et al.,
2012; Putnam and Chang, 2021; Shackman et al., 2016). Studies indicate that the amygdala
function acquires a sustained increase in the activity during acute phase of depression, which
normalises after antidepressant treatment (Sheline et al., 2001; Fu et al., 2004; Siegle et al.,
2007). The recorded increase in amygdala activity has been shown to be associated with
severity of symptoms of depression (Drevets et al., 2002). Furthermore, depressed patients
with first episode of MDD were shown to have increased volume of the amygdala while on
depression treatment (Frodl et al., 2002; Lange and Irle, 2004; Weniger et al., 2006). On the
other hand, patients who recovered from recurrent depression showed no structural or
volumetric increase of the amygdala, suggesting that the volume normalised after
antidepressant treatment (Mervaala et al., 2000; Caetano et al., 2004; Hastings et al., 2004). It
has been suggested that the increase in the volume of amygdala is related to the increase in the

generation of oligodendrocytes (Wennstrom et al., 2004).
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2.5.3 Role of the hippocampus in depression

The hippocampus is a key hub of the limbic system known to be dysfunctional in the
neuropathology of the MDD (Campbell and MacQueen, 2004). The hippocampus is an
elevated tissue of gray matter that lies within the parahippocampal gyrus in the floor of the
temporal horn of the lateral ventricle (Fogwe et al., 2018). It consists of three distinct zones:
the dentate gyrus (DG), the hippocampus proper, and the subiculum, which is a transitional
zone joining the DG and the hippocampus proper (Fogwe et al., 2018). Definitions may also
include the presubiculum and parasubiculum, which are the anatomically adjacent areas, and
the functionally connected areas which includes entorhinal, parahippocampal cortices, and
white matter areas including the fimbriae and the fornix (Amaral et al., 2007). The
hippocampus proper consist of the cornu ammonis subfields 1 to 4 (CA1-CA4) (Amaral et al.,
2007). CA3 and CA2 form the borders of the hilum of the dentate gyrus on either side (Fogwe
et al., 2018). CA3 forms the larger subfield of the hippocampus that receives fibers from the
proximal dendrites of the granule cells of the DG (Daugherty et al.,2016).

Each subfield of the hippocampus is further organized into distinct layers. The main cellular
layer is the pyramidal cell layer which is also referred to as stratum pyramidale which contains
approximately 300,000 — 400,000 cells in rodents (Miettinen et al., 2012). The neurones of the
above layer have been shown to connect to different cortical and subcortical structures with the
exception of few cases where one neurone project into two different regions (Ishikawa and
Nakamura, 2006). The above connections are believed to project between the ventral
hippocampus to the medial nucleus of the amygdala, whereby they modulate bulbar
cardiorespiratory control circuits (Ajayi et al., 2018).

Other layers include a noncellular stratum oriens which lies deep to the pyramidal cell layer,
and the noncellular stratum lucidum, which lies above the pyramidal cell layer in the CA3 sub-

field (Ajayi, 2019). The stratum lucidum is also present immediately superficial to the
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pyramidal cell layer in CA1 and CA2 subfields, where it contains the apical dendrites of the
cells in the pyramidal cell layer. In addition, mossy fibres projecting from the DG to the CA3
subfield mainly occupy the above layer (Ajayi, 2019). Lying superficial to the stratum lucidum
is the stratum radiatum which constitutes intrinsic connections within the subfield, and lastly,
the superficial area of the hippocampal regions is the stratum lacunosum-moleculare, which
receives terminal projections from the thalamus, entorhinal cortex, and other cortical areas
(Amaral, 1995). The DG is made up of three layers namely, the superficial stratum moleculare
that has scattered neuronal cells, the middle stratum granulare with densely packed oval shaped
granule cells, and the stratum multiforme which consists of polymorphic neuronal cells (El
Falougy et al., 2008).

The main hippocampal circuit functions within the hippocampal formation which includes
subiculum inferiorly, the DG medially and the molecular layer (Schultz and Engelhardt, 2014).
Autopsy and imaging studies have shown that the hippocampus, parahippocampal region, and
the neocortical association are essential for memory processing (Fogwe et al., 2018). Bilateral
damage to the above regions has been shown to cause impairment of short-term memory
resulting into an inability to form new memories (Kizilirmak et al., 2019). Learning and
memory circuit comprises two important pathways, the polysynaptic (Fig. 2.2) and direct (Fig.
2.3) intrahippocampal pathways (Anand and Dhikav, 2012). The polysynaptic
intrahippocampal pathway (PIP) comprises entorhinal cortex, DG, CA and the subiculum
(Prasad et al., 2019). Inputs to the PIP originate from the occipital cortex, temporal cortex, and
posterior parietal cortex via the entorhinal cortex as summarised in Figure 2.2 (Prasad et al.,

2019).
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Figure 2.2: Schematic representation of the intrahippocampal polysynaptic pathway (Prasad
etal., 2019).

The direct intrahippocampal pathway (DIP) receives input from the inferior temporal
association cortex and connect directly with CA1 through layer 111 of the entorhinal cortex as
illustrated in Figure 3 (Prasad et al., 2019).
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Figure 2.3: Schematic representation of the direct intrahippocampal pathway (Prasad et al.,
2019)
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The hippocampus is intricately sensitive to stress and the stress hormone class, glucocorticoids.
The DG sub-region has a high density of GC receptors that respond to increased levels of
circulating GCs resulting into hippocampal atrophy (De Kloet et al., 1998). Hippocampal
atrophy has been linked to a number of mechanisms (Dhikav and Anand, 2011). One of the
important mechanisms resulting into hippocampal atrophy is stress resultant from increase in
circulating glucocorticoids (Gilbert and Brushfield, 2009). Deposition of beta amyloids,
suppression of hippocampal neurogenesis, impairment of long term potentiation, oxidative and
metabolic stress are five mechanisms implicated in stress induced hippocampal atrophy
(Hiramatsu et al., 1992; Hamaguchi et al., 2006; Howland and Wang, 2008; Srivareerat et al.,
2009; Ondrejcak et al., 2010; Rothman, and Mattson, 2010; Tran et al., 2010; Yassa and Stark,

2011).

2.5.3.1 Beta amyloid deposition and hippocampal atrophy

Amyloid beta (AB) is a peptide that is secreted by neurones in an activity-modulated manner
as observed in the pathophysiology of Alzheimer’s disease whereby it removes dendritic
spines, and sites of excitatory synaptic transmission (Wei et al., 2010). The effects of Ap
accumulation are profound, including loss and deterioration of synapse, inflammation and
eventually, cell death (Cline et al., 2018). Previous studies have shown that large accumulation
of AP accompanies reduction in the volume of hippocampus (Knopman, 2013; Jack et al.,
2014; Gordon et al., 2016). Similarly, chronic stress has been implicated in dendritic atrophy
and loss of dendritic spines in areas CA1, CA3, and loss of hippocampal volume probably due

to the same A mechanism (McEwen, 1999; Sousa et al., 2000; Pawlak et al., 2005).
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2.5.3.2 Suppression of neurogenesis and hippocampal atrophy

A process of production of new neurons in the adult hippocampus, referred to as neurogenesis,
is now believed to be taking place in several mammalian species (Peter et al., 1998; Lucassen
et al., 2010). Neurogenesis is believed to play an important role in the pathophysiology of
depression, however, there is still a lack of explanation as to how the newborn neurons play a
role in mood and other symptoms of depression (Kempermann et al., 2008). A view that
neurogenesis is part of the mechanism of action of the antidepressant drugs has been suggested
(Santarelli et al., 2003). The above is because reduction in neurogenesis cannot produce
depressive symptoms on its own even though the prolonged reduction in the formation of new
granule cells in the dentate gyrus (DG) can impair the composition of the cell population in the
DG and make it vulnerable to impaired functioning (Lucassen et al., 2014). It is for this reason
that part of the success of antidepressant treatment should be the restoration of the normal rate

of neurogenesis (Kempermann et al., 2008).

Most neuronal stem cells (NSC) in the adult brain are inactive, however, NSCs in the
subventricular zone (SVZ) and subgranular zone (SGZ) of the hippocampal dentate gyrus (DG)
slowly divide to generate new neurons, a process called neurogenesis (Kempermann and Gage,
1999; Encinas et al., 2011; Ming and Song, 2011). The belief in the existence of adult
neurogenesis started in the 1960s when adult generated brain cells were identified in rodents
(Altman, 1962). This philosophy of newly generated adult brain cells was met with great
skepticism for three decades until confirmed in numerus mammals including humans and non-
human primates (Cameron and Gould, 1994; Peter et al., 1998; Gould et al., 1999). Recent
studies have also shown the persistence of neurogenesis in Balb/c mice and avians, noting that
the proliferation and migration of newly formed cells decline with age (Nkomozepi et al.,
2019a; Nkomozepi et al., 2019b). In animals, the newly formed cells migrate into the olfactory

bulb and subsequently get integrated into the olfactory neuronal circuitry (Alvarez-Buylla and
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Garcia-Verdugo, 2002; Sun and Moon, 2010; Faiz et al., 2005). Five stages of developing
granule cells have been described (Fig. 2.4) (von Bohlen Und Halbach, 2007). The first stage
is the proliferation stage which is represented by neuronal stem cells or by type 1 radial glial
cells (RGL) which can be labelled with glial brillary acidic protein (GFAP), Sex determining
region Y-box 2 (SOX2) and Nestin or even other markers of stem cells. Stage 2 is marked by
intermediate progenitor cells (IPCs) that arise from RGLs. The IPCs continue to divide and
show expression of doublecortin (DCX). In stage 3, IPCs give rise to migrating neuroblasts
which also express DCX and give rise to stage 4 mature dentate gyrus neurones. In stage 5,
newly formed neurones are integrated into the hippocampal circuitry.

However, research has shown that neurogenesis is upregulated by a number of factors such as
pregnancy, environmental enrichment, exercise, antidepressant treatments, while other factors
like aging and stress downregulates neurogenesis (Fan et al., 2017; Trinchero et al., 2019; Wan
et al., 2019). The reduction in neurogenesis has been shown to cause reduction in the volume
of the dentate gyrus and CA3 in the hippocampus after four weeks of suppression of
neurogenesis, and reduction of whole hippocampal volume after eight weeks (Schoenfeld et
al., 2017). However, suppression of neurogenesis is not a main contributor of hippocampal
volume loss compared to factors such as reduction in number of inhibitory interneurons and

astrocytes seen in depression throughout the hippocampus (Czéh et al., 2015; Tata et al., 2006).
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Figure 2.4: Cell stages in neurogenesis (Adapted from Samuels et al., 2016).

2.5.3.3 Long term potentiation and hippocampal atrophy

Long-term potentiation (LTP) is described as a persistent strengthening of synapses leading to
long-lasting increase in signal transmission between neurons (Fu and J hamandas, 2020). Long-
term potentiation can be disrupted by chronic stress and/or glucocorticoid administration which
may lead to depression (Srivareerat et al., 2009). Deposition of Abeta, glucocorticoid
administration, and chronic stress are some of the factors thought to be responsible for
disruption of LTP in long term depression (Hamaguchi and Yamada, 2006; Howland and
Wang, 2008; Adekar et al., 2010). It is believed that enhanced postsynaptic potentials following
presynaptic stimulation serves as a substrate in the hippocampal neuronal circuit during

learning and memory (Molnar, 2011).

2.5.3.4 Oxidative stress and hippocampal atrophy

Stress and Abeta (Alpha beta) is broadly known to increase production of free radicals in the
brains of experimental animals (Howland and Wang, 2008; Srivareerat et al., 2009). A number
of authors have shown that the pyramidal cells of CA3 and granule cells of the dentate gyrus
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are prone to oxidative stress, with some authors suggesting that pyramidal cells of CA1 are the
ones that are more susceptible to oxidative damage (Chang et al., 2012; Huang et al., 2012,

2013; Uysal et al., 2012).

2.6 Stress effects on plasticity and molecular structure

As mentioned in sections above, the most widely understood explanation of mental and brain
illnesses is the imbalances in the monoaminegic neurochemical system. Modern research has
shown that pathophysiology of stress involves abnormalities in the plasticity and the changes
in the volume of limbic structures of the brain (Lucassen et al., 2014). The above changes
include apoptosis, remodeling of dendrites, and changes in glial cells (Czéh and Lucassen,
2007; MacQueen and Frodl, 2011; Rajkowska and Stockmeier, 2013). These changes in limbic
brain structures are thought to be coupled with behaviors observed in stressed individuals, even
though it is uncertain whether the structural changes are reversible adaptations to stress or

pathologic changes (Lucassen et al., 2014).

2.6.1 Changes in dendritic spines

The importance of the dendritic spines is their involvement in storing the information and
formation of synapses, all of which are impaired by prolonged chronic stress (Tasker and
Herman, 2011). Exposure to chronic stress and prolonged administration of high doses
corticosterone is known to cause blunting of the apical spines of the dendrites of neurons in
CA3 and CAL of the hippocampus after a couple of weeks of stressful conditions (Woolley et
al., 1990). Other effects of chronic stress include changes in vesicles and mitochondria at
synapses, larger surface area of postsynaptic density and reduction of synapses of mossy fibers

(Sandi et al., 2003; Tata et al., 2006).

Reduction in dendritic spine densities and atrophy which was reversible with training or
recovery period has been recorded in stressed animals (Magarifios et al., 1996; Sandi et al.,
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2003; Stewart et al., 2005). The above effects have been observed specifically in the prefrontal
cortex and pyramidal cells of the hippocampus (Goldwater et al., 2009; Radley and Morrison,
2005; Radley et al., 2005). In addition, the morphology of both pre- and post-synaptic neurons

is markedly altered after prolonged exposure to stress and glucocorticoids (Liston et al., 2013).

The opposite of the above effects has been recorded in the nucleus accumbens and amygdala
whereby exposure to chronic stress resulted in increased density and hypertrophy of dendritic

spines (Mitra et al., 2005; Vyas et al., 2004).

2.6.2 Stress and apoptosis

Apoptosis, also called programmed cell death is a process whereby cell growth and division
ceases resulting into the dead of cells that are subsequently removed from the system by the
process of phagocytosis (D’Arcy, M.S., 2019). Prolonged exposure to glucocorticoids has also
been shown to causes shrinkage and volume reduction of the hippocampus and cerebral cortex,
probably due to increase in neuronal cell apoptosis (Swaab et al., 2005; Lucassen et al., 2006;
Sapolsky et al., 2002; McKernan et al., 2009; Shelton et al., 2011). Contrary observations have
been reported in patients and animal models of depression where no neuronal loss or
hippocampal shrinkage was observed (Lucassen et al., 2001; Mller et al., 2001). In a previous
study where the dentate gyrus of unmedicated patients showed fewer granule cells, it was
suggested that the cellular changes in the hippocampus of depressed individuals could be
related to the length of time of the disease (Boldrini et al., 2013). In rodent stress models,
apoptosis has been observed in acute stress (Heine et al., 2004; Lucassen et al., 2006; Yu et al.,
2011), while in chronic stress, apoptosis only happens in some hippocampal structures and
normalises after treatment (Lucassen et al., 2004). The above is crucial in interpretation of the
structural and neuronal changes observed in the experiments of the depression animal models
to properly explain both the effects of depression and antidepressant treatment (Huang et al.,
2013; Lucassen et al., 2001).
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2.7 Treatment of depression

Given the known pathophysiology of depression, the medical sciences have developed
antidepressant drugs that would counteract the symptoms of depression in order to maintain
healthy living (Khushboo and Sharma, 2017). The principle of treatment is based on the
foundation of neurotransmitter functionality of the pre and post synaptic transmission, which
is highly regulated by enzymes and several mechanical steps (Bondy, 2012). The steps of
neurotransmitter function include synthesis, storage, release, induction of cellular response and
termination of the neurotransmitter release (Bondy, 2012) . Firstly, the synthesis step is the
process where neurotransmitter amino acid precursors, go through facilitated transport from
the blood to the brain. In the brain, the precursors will be converted by enzymes into a specific
neurotransmitter (Bondy, 2012). Secondly, in the storage step, the synthesized neurotransmitter
will get stored in synaptic vesicles which are found within the neurons in the brain (Bondy,
2012) . Thirdly, the release step is the process of regulated release of the neuro-transmitter into
the synaptic cleft (Bondy, 2012). Fourthly, the induction of cellular response step is the process
where the neurotransmitter molecules within the synaptic cleft induce a signal transduction
cascade reaction (Bondy, 2012) . It is also important to note that the induction reaction will be
triggered by binding of the neurotransmitter on the surface of the neurotransmitter receptors
located on the post-synaptic membrane (Whalen, 2018). However, neurotransmitter molecules
do not cross or go through the post-synaptic membrane (Whalen, 2018). Finally, the
termination step is carried out by the enzymatic process (Bondy, 2012). The antidepressant

drugs will act by intervening in one of the steps above as described below.

2.8 Antidepressants and their mode of action
Antidepressant drugs are divided into five categories which are: tricyclic antidepressants,
selective serotonin reuptake inhibitors (SSRIs), serotonin noradrenaline reuptake inhibitors

(SNRI), monoamine oxidase inhibitors, and atypical antidepressants (Ferguson, 2001).
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Selective Serotonin Reuptake Inhibitors are a group of commonly used anti-depressant agents,
mainly because of their high efficacy in alleviating depressive episodes (Whalen, 2018).
According to Fasipe (2018) the mechanism of action of SSRIs is explained by their selective
inhibition of the serotonin transporter (SERT). A more precise mechanism of SSRI is however
its ability delaying the inhibition of serotonergic neurotransmission in about four pathways that
occur after desensitization of 5-HT1A and 5-HT1B auto-receptors (Fasipe, 2018). However,
SSRIs affect a wide range of postsynaptic receptor subtypes, which result in a wide range of
side effects including nausea, headaches, dry mouth and sexual dysfunction (Ferguson, 2001).
Thus, though effective, the resultant side effects limits its overall usefulness in the treatment
of depression and necessitates the search of a cheap and better alternative treatment drug from

natural plant sources.

2.9 Medicinal plants with antidepressant properties

There is a fair amount of literature documenting the use of medicinal plants to treat depression
(Aderibigbe, 2018; Ahmadpoor et al., 2019; Jahani et al., 2019; Rabiei and Setorki, 2019;
llkhanizadeh et al., 2021). The study done on the antidepressant effects of Albizia adianthifolia,
one of the plants used by traditional healers in African countries to treat depression showed
reduction in immobility time in both forced swimming tests and tail suspension test in Swiss
mice (Aderibigbe, 2018). Adiantum capillus-veneris (Pteridaceae), a cosmopolitan plant that
is widely distributed in parts of the world that have tropical climate and high humidity is one
of the plants that has been shown to have a wide range of medicinal properties including
analgesic, anti-inflammatory, and anti-oxidant properties (Trojan-Rodrigues et al., 2012;
Rajurkar and Gaikwad, 2012; Gaikwad et al., 2013). In addition to the above medicinal
properties, a study conducted in male Balb/c mice exposed to chronic stress showed that
Adiantum capillus-veneris possesses antidepressant properties in elevated plus maze and forced

swimming test where the frequency of entry in open arms was increase and the immobility time
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reduced in forced swimming test and elevated plus maze respectively (Ahmadpoor et al., 2019).
From the African perspective, the study of Amaryllidaceae alkaloids began in the late 1990s
with the investigation of the alkaloidal content of Crinum bulbispermum (Elegorishi et al.,
1999). Since ancient times, medicinal plants belonging to this family have been used to treat
depression in different cultures (Elgorashi, 2019). The rationale behind the use
of Amaryllidaceae in traditional medicine and their medicinal efficacy is attributed largely to
the presence of a unique type of alkaloids. These alkaloids are present exclusively in this family
and have been isolated from each member of Amaryllidaceae investigated so far. Few South
African Amaryllidaceae species have been investigated for their affinity for the serotonin re-
uptake transport protein (Nielsen et al, 2004). Extracts of the leaves and bulbs of B.
disticha have exhibited strong affinity to the SSRI site, while leaf extracts of Brunsvigia
grandiflora and root extracts of G. ciliaris have moderate to low affinity to SSRI site,
respectively (Nielsen et al, 2004). In addition, ethanolic extracts of BD showed functional
inhibition of serotonin transporter, noradrenalin transporter, and dopamine transporter upon
screening in a functional inhibition assay using COS-7 cells (Pedersen et al, 2008). The efficacy
of Amaryllidaceae alkaloids from Boophone disticha (BD) stimulated the screening of many
Amaryllidaceae alkaloids isolated from a number of Crinum and Cyrtanthus species for their
affinity to the SSRI site (Elegorishi et al., 1999). These activities were also confirmed in
vivo using the tail suspension and the forced swim tests in mice and rat models (Viladomat et
al, 1997, Pote et al, 2018, Gadaga et al., 2010). There is currently a paucity of information
regarding the mechanism by which BD exerts its antidepressant effects on the brain. The
current study used mice model to close this gap. Mice and rats possesses numerous advantages
for research purposes, such as sharing 90% genome homology with humans, in addition to

many genetic, physiological, and organ anatomical similarities (Tabassum et al, 2015).
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2.10 Overview of Boophone Disticha

Boophone disticha (BD) belongs to a large family of bulbous flowering plants known as
Amaryllidaceae (Fig. 2.5) (Nair and Van Staden, 2014). The genus “Boophone” consists of
only two species, namely: Boophone disticha and Boophone haemanthoides (Nair and Van

Staden, 2014).

Boophone disticha plant has been used for centuries by traditional healers within the Southern
African regions (Neuwinger et al.,1997). Rock paintings and Khoi-San mummies that

contained Boophone disticha scales, further substantiate the fact that this plant has been used

by South African natives for centuries (Nair and VVan Staden, 2014).

Figure 2.5: Representing the Amaryllidaceae, bulbous plant known as Boophone Disticha
(SMGrowers.co.za).

The Amaryllidaceae plants have been extensively used for medicinal purposes by some of the
most popular South African tribes namely: Sotho, Zulu and Xhosa (Nair and Van Staden,
2014). Different parts of the plants are used to treat different conditions. For example, dry bulbs

are used for the feeling of weakness, fresh bulbs are taken to increase sexual potency, leaves
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are taken for gastrointestinal wash and roots are burned and ground to powder in order to be

applied to an area where one would experience paralysis (Gadaga et al. 2011).

2.10.1 Alkaloids of Boophone Disticha

The medicinal activity can be attributed to the alkaloids of the plant (Neuwinger, Leon-Rot and
Mebs, 1997). There are eleven alkaloids that have been isolated in the BD plant, which are
buphanidrine, undulatine, buphanisine, buphanamine, nerbowdine, crinine, crinamidine, and

lycorine, distichamine, acetylnerbowdine and buphacetine (Fig. 2.6) (Neuwinger et al., 1997)

(')/\\ OH

Figure 2.6: Representing the structures of the Boophone Disticha Alkaloids as follows:

(A) Buphanamine (B) Buphanisine (C) Buphanidrine (D) Acetylenerbowdine, (E)
Nerbowdine, (F) Udantaline, (G) Crimanidine, (H) Crinine, (1) Distichamine and (J) Lycorine
(Cheeseman et al. 2013).

A previous study on the inhibitory binding affinity of the alkaloids, of BD extract, on the

Serotonin Reuptake Transporters (SERT) showed that Buphanadrine, Buphanamine and

Distichamine have high binding affinity for the serotonin reuptake site (Neergaard et al., 2009).
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According to Gadaga et al. (2011), buphanidrine is the most abundant alkaloid found in BD,
occurring at a percentage abundance of 19.4%. The plant is well known for its powerful
analgesic and neurotoxicity effects. Furthermore buphanidrine has a high hepatotoxicity at
profile at high doses (Neuwinger, Leon-Rot and Mebs, 1997). Buphanidrine, has an LD50 of
8.9 mg/kg for mice administered Subcutaneously. A dose of 10 mg/kg has previously been

shown to significantly reduce mean arterial pressure in mice (Pote et al., 2014).

2.10.2 Pharmacological Activity of Boophone Disticha

The alkaloids of the BD give the plant a source of its pharmacological activity (Nair and Van
Staden, 2014). Boophone disticha exerts its anti-inflammatory effects by inducing the
production of Adenosine triphosphate (ATP) on isolated human neutrophils while
simultaneously inhibiting the release of superoxide from neutrophils (Gadaga et al. 2011). The
above mechanism could account for the plant’s traditional use to alleviate rheumatic pains,
muscular sprains and other inflammatory conditions. Additionally, BD inhibit cyclo-oxygenase
1 (cox-1) enzyme (Gadaga et al. 2011). This enzyme is responsible for maintaining hemostasis

by inducing platelet aggregation (Whalen 2018).

A previous study showed that BD displaces more than 50% of the transport protein bound
citalopram at various concentrations (Neergaard et al., 2009). A study on a serotonin binding
assay showed inhibition of serotonin (Nair and Van Staden, 2014). A study done by Gadaga et
al, (2011) showed that BD has a high affinity for binding to the receptors of the SSRIs, and
inhibition of Serotonin Reuptake Transporters (SERT), Noradrenaline Reuptake Transporters
(NAT) and affinity for Dopamine Transporter (DAT). The anticholinesterase effects (inhibition
of cholinesterase enzyme) of BD have been demonstrated using thin Layer Chromatography
(LC), explaining the use of this plant for memory enhancement and tretment Alzheimer’s

disease (Gadaga et al., 2011).
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2.11 Rodent models of depression

Despite a tremendous effort dedicated to neuro-psychiatric pharmacological research, not
much has been attained to counteract the onset and progression of affective disease, with most
treatment strategies simply targeting the mono-aminagic neurotransmitter system (Hyman,
2014). This setback is due to the lack of detailed understanding of the molecular, cellular and
neuronal circuits involved in the pathophysiology of the affective disorders, with some
suggestions genetic and environmental interplay in the disease process (Caspi and Moffitt,
2006; Sullivan, 2015; Han and Nestler, 2017; Wray et al., 2018). To acquire a deeper
understanding of the pathophysiology of affective disorders, rodent models have become
increasingly relevant in the research of mental disorders (Italia et al., 2020). Mice are the most
commonly used animals model in the research of mental disorders due to ease of handling and
versatility in different behavioral tests (Hylander et al., 2022). Forced swimming test (FST) is
one of the commonly used stress models in mice to demonstrate the effects of mild
unpredictable stress (Becker et al., 2021). On the other hand, chronic restraint stress is useful
for modeling chronic life psycho-emotional stressors which might have more longer lasting

effects (Huang et al., 2015; Xu et al., 2017; Wu et al., 2018).

Based on the argument that FST is a test for copying mechanism and not necessarily a stressor,
it is important to combine the FST with chronic stress in drug testing as chronic stress might
be more resistant to treatment than the acute stress (Molendijk and de Kloet, 2022). For
example, a previous study demonstrated that neuropeptide Y is more effective in reversing the
effects of acute stress and less effective in reversing the effects of chronic stress

(Andriushchenko et al., 2022).
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2.12 Aims and objectives of the study

2.12.1 Aim of the study
To determine the effect of Boophone disticha on the behaviour and hippocampal neuroanatomy

in male Balb/c mouse model of depression.

2.12.2 Objectives

(1) To determine the anxiolytic like and antidepressant-like activity of orally gavaged
hydroethanolic extract of Boophone disticha and compare with similar effects of
fluoxetine using open field test, elevated plus maze and light dark box in established
mouse models of depression.

(if) To compare the effects of orally gavaged hydroethanolic extract of Boophone disticha
and fluoxetine on levels of brain derived neurotropic factor (BDNF) and corticosterone
in the brains of mice subjected to different established mouse models of depression by
ELISA technique.

(i) To compare the effect of orally gavaged hydroethanolic extract of Boophone disticha
to fluoxetine on the volume of the hippocampus and its dentate gyrus of the mice
subjected to different established mouse models of depression on Nissl stained sections
using Volumest plugin of image J.

(iv) To compare the effect of orally gavaged hydroethanolic extract of Boophone disticha
and fluoxetine on the expression of doublecortin (DCX) in the dentate gyrus of the
hippocampus using immunohistochemical techniques (immunostained brains sections)

in mouse brain subjected to different established mouse models of depression.

2.12.3 Hypothesis

Buphoone disticha attenuate the effects of stress on the behaviour and neuroanatomy of

Balb/c mouse model.
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CHAPTER THREE

METHODOLOGY

3.1  Experimental animals

Seventy-two adult male Balb/c mice (Postnatal day 30) were used in the current study. Animals
were purchased and housed in the Wits research animal facility (WRAF) and handled with the
help of professional personnel. Mice were randomly allocated to one of the following two
established models of depression, 1) five days repetitive forced swimming forced swimming
model (5d-RFSS), 2) 28 days repetitive restraint stress model. The procedure for induction of
the stress models is described below (section 3.4 - 3.5). Animals randomly assigned to each
stress model were treated for 21 days post stress induction as shown in Appendix 1. Briefly,
each stress model had four groups of animals (Control, distilled water, BD and fluoxetine
groups) with 9 animals in each group (n=9), adding up to 36 animals per stress model. The
Control group was the normal animals that were not exposed to stress, the distilled water group
was the stressed animals that were orally gavaged with 0.2 ml of distilled water, the BD group
was the group that was orally gavaged with 10 mg/kg of BD dissolved in 0.2 ml distilled water,
the fluoxetine group was the positive control that was orally gavaged with 10mg/kg of
fluoxetine. During days 7, 14 and 21 of the treatment period, the animals underwent the
following behavioural tests: open field test, elevated plus maize and light dark box as described
in section 3.6.1 below. For a forced swimming stress model, the forced swimming was used
for both induction of stress and a behavioural test during the treatment period. The tests were
done in a random order. Following behavioural studies, animals were anesthetized using
isoflurane for a short period, followed by perfusion using normal saline. After this procedure,

brains were harvested as described in section 3.7 below.

Male mice were chosen in the current study to eliminate the confounding hormonal factors as

the female mice could be at different oestrous cycles. While it is not impossible to monitor the
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individual for differences in the estrous cycles, the current study design did not cater for that

procedure.

3.2 Plant material and extraction of phytochemicals

Bulbs of BD were purchased from Random Harvesters in Muldersdrift Johannesburg, South
Africa and were authenticated at the Department of Botany, University of Johannesburg, South
Africa. A table knife was used to chop the fresh bulbs of BD into small pieces and sun dried
for seven days. The dried plant material was ground into a fine powder using a kitchen blender.
The powder was then mixed with 70% ethanol in a ratio 5:1 (70% ethanol: BD powder) and
placed on an automatic shaker for 24 hours at room temperature. After 24 hours, plant debris
were filtered using Whatman No. 1 filter paper. The resultant extract was concentrated using a
rotary evaporator at 70°C. The final product was a dark brown solid paste which was air dried,
crushed into powder and stored at room temperature. The administered dose of the powder was
weighted in grams according to each animal’s body weight and dissolved in 2ml distilled water

and administered through orogastric gavage.

3.3 Identification of phytochemicals using LC-MS

A Thermoscientific ultimate 3000 Ultra High-Performance Liquid Chromatography (UHPLC)
in conjunction with Bruker Compact Q-TOF high resolution mass spectrophotometer (HRMS)
was used to analyse 20 ul of BD extract dissolved in methanol. Gradient elution techniques
was applied to elute 20 ul of the sample that was injected into the UHPLC in a period of 14
minutes. Solvent A with a concentration ranging from 95%-5% of 0.1% formic acid in water
(v/v) and a solvent B with a concentration ranging from 5%-95% of 0.1% formic acid in
acetonitrile (v/v) was used through Raptor ARC C18 Column (2.7 um 2.1 x100 mm). Analyses
of the sample was done using the UHPLC-HRMS analyses, while Bruker Daltonics analyses

was used for mass spectrum analyses.
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3.4 Five day repeated forced swimming stress model (5d RFSS)

Forced swimming stress model was first introduced by Porsolt et al, in 1977. The procedure
for this model is to place the mouse for 6 minutes into a glass-polycarbonate cylinder (25 cm
highx10 cm wide) filled to a depth of 10cm with water maintained at 24°C (Fig. 3.1).
Immediately following the 6 minutes exposure into the water cylinder, the animals are removed
from the cylinder and dried using a water absorbent pad. In the current study, we used a recently
described 5 d repeated forced swim stress (5d-RFSS) protocol (Serkov et al., 2015), in which
mice were forced to swim in an open cylindrical container (diameter, 10 cm; height, 25 cm)
containing 10 cm deep water (25°C) for five consecutive days. The five days procedure
constituted the induction phase of the stress model. This protocol had been shown to produce
the depressive symptoms that last for at least four weeks, allowing for a time window to test
and study therapeutic interventions (Serkov et al., 2015). After the five days induction period,
animals were treated for 21 days vial oral gavage as described in section 3.1, while behavioural
tests were conducted and video recorded at intervals on days 7, 14 and 21, after 5d RFSS. The
period/duration of swimming and immobility during the 6 minutes test was measured from the
video recordings and recorded using a timer. While the FST has received extensive criticism
regarding its validity and reproducibility, a meta-analysis of 73 behavioral studies that used
FST in mice demonstrated external validity and reproducibility of the FST where different

types of antidepressant drugs reduced immobility in the test (Kara et al., 2018).

The issue of ethics regarding the use of the FST has been raised due to its perceived suffering
to animals (PETA, 2020). However, there is currently no regulation against the use of the FST.
The fact sheet published by British Association for Psychopharmacology in conjunction with,
the Laboratory Animal Science Association and Understanding Animal Research advocated

for the continued use of FST as a valuable behavioral screening tool (LASA, 2020). A recent
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commentary suggested the use of none-behavioral neurochemical measures like BDNF as an

alternative to the FST (Sewell et al., 2021).

Figures 3.1: Schematic representation of the forced swimming test. (Adapted from: Creative
biolab. Accessed on 21 December 2022).

3.5 Repetitive restraint stress

Clinical observations suggest that stress can act as a precipitating factor in the onset of affective
illnesses, especially major depression (Bidzinska, 1984). The pathophysiology of depression
and the neurobiology of stress are linked by their shared association with the hypothalamic
pituitary-adrenal (HPA) axis and in particular with serotonin and norepinephrine containing
neuronal systems (Breslow et.al., 1989). In animals, the behavioural deficits and the
abnormalities in the nervous system and neuroendocrine system that are induced by exposure
to uncontrollable and unpredictable chronic stress, such as hypo-activity in the open field,

aberrations in the HPA system, and alterations in neuroplasticity and neurogenesis, can be
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reversed by antidepressant treatments (Xu et.al., 2009). In this study, mice were restrained in
acrylic cylinders (6.5 cm inner diameter, 20 cm long, with air ventilation at the sides and at the
nasal end of the cylinder, Fig. 3.2) for 6 h (10:00-16:00 h) for 28 consecutive days (Makhathini
et al.,2017). After the induction of chronic restraint, the 21 days treatment was conducted as

described in section 3.1 with the behavioural tests in days 7, 14 and 21.

Figure 3.2: Picture demonstrating the restrain procedure during the chronic restraint stress
induction.
(Adapted from: https://midsci.com/item/ASRATREST/Rat-Restraints/).
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3.6 Behavioural tests

On the test day, mice were brought into the test room for at least one hour before the test. All
testing was performed between 9:00 am and 15:00 pm by the experimenter. Behavioral tests
were done randomly (Elevated plus maize, open field test, light dark box and forced swimming
test). All behavioral activities were video recorded via an overhead video camera (Canon
Legria, HF R806, Makro, South Africa) and later analyzed by the independent observer blinded

to the experimental groups.

3.6.1 Elevated plus maze

The maze is plus-shaped with four identical 50 cm (length) X 10cm (width) arms, elevated 70
cm above the floor (Fig. 3.3Two opposite arms are surrounded on three sides by 30cm tall
opaque walls, and the other two arms are open with no protecting walls on the sides. Each
animal was introduced in the centre area (10 cm X 10 cm) facing an open arm and allowed to
explore freely for 5min. The number of arm entries and time spent in each arm was scored. An
arm entry was scored when all four paws of the animals entered an arm and time in arm was
counted only if all four paws of the animal are within the arm (Porsolt et al., 1977). Behaviours
in this task (i.e., activity in the open and closed arms) reflect a conflict between the rodent’s
preference for protected areas (e.g., closed arms) and their innate motivation to explore novel
environments (e.g., open arms). Anti-anxiety behaviour (increased open arm time and/or open
arm entries) can be determined simultaneously with a measure of spontaneous motor activity

(total and/or closed arm entries (Nalloor et al., 2011; Walf and Frye, 2007).
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Figure 3.3: Schematic representation of the elevated plus maze (Adapted from: Media Wiki
pedia: Accessed on 21 December 2022).

3.6.2 Open field test

The open field is an arena with walls to prevent escape. Commonly, the field is marked with a
grid and square crossings (Fig. 3.4). The centre of the field is marked with a different colour to
differentiate from the other squares. The Open Field Test provides simultaneous measures of
locomotion, exploration and anxiety (Walsh & Cummins, 1976). The number of central square
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entries and the duration of time spent in the central square are measures of exploratory
behaviour and anxiety. A high frequency/duration of these behaviours indicates high
exploratory behaviour and low anxiety levels. Stretch attend postures are “risk-assessment”
behaviours which indicate that the animal is hesitant to move from its present location to a new
position (Blanchard, Griebel & Blanchard, 2001) and thus a high frequency of these postures
indicates a higher level of anxiety. A mouse was gently placed into the corner of the field, and
allowed to explore the arena for 10 minutes. Movements was recorded by a video camera
mounted above the arena and analysed manually. The number of entries into the centre, the
time in the centre, the total distance number of grid line crossing during the test period was

measured.

Figure 3.4: Schematic representation of the open filed test (Adapted from: Biomed.au.dk:
Accessed on 22 December 2021).
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3.6.3 Light/dark box

The light/dark test is based on the innate aversion of rodents to brightly illuminated areas and
on the spontaneous exploratory behavior of rodents in response to mild stressors, that is, novel
environment and light (Crawley and Goodwin, 1980). A natural conflict situation occurs when
an animal is exposed to an unfamiliar environment or novel objects. The conflict is between
the tendency to explore and the initial tendency to avoid the unfamiliar (neophobia) situations.
The exploratory activity reflects the combined result of these tendencies in novel situations.
Thus, in the light/dark test, drug-induced increase in behaviors in the white part of a two-
compartment box, illuminated and a black compartment, darkened, is suggested as an index of
anxiolytic activity. An increase in transitions without an increase in spontaneous locomotion is
considered to reflect anxiolytic activity (Bourin, Martine Hascoet, 2003). The apparatus for
this test consists of two equally sized compartments (h:24 X w:25 X 1:33 cm) connected by an
8x8 cm opening (Fig. 3.5). One compartment was painted black and covered with a black lid
(dark box). The other compartment was opaque and remained uncovered during the test (light
box). An opaque black Plexiglas with a door separated the two boxes. Inside the light box was
illuminated by a 30 lux light. Inside the dark box there was no appreciable illumination (0.2
lux). On test days, mice were moved to the test room 30 minutes prior to testing. To start the
test, the mouse were placed in the center of the light box facing away from the door to the dark
box and allowed to freely explore the apparatus for 5 min. The movements of the animals
during the 5-minute test period was tracked by a video camera positioned above the center of
the light dark box. The data of behavior analysis included the time spent in the light box and
dark box with the entry in each chamber defined as at least half of the animal’s body from one

chamber to the next.
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Figure 3.5: Schematic representation of the light dark box
(Adapted from: https://brainstuff.org/blog/what-does-the-light-dark-box-test-measure)

3.7 Terminal procedures

After behavioural tests, animals were euthanized by an overdose of 5% isoflurane at a flow of
2L/min, followed by intra cardiac perfusion with buffered saline. Following perfusion, brains
were rapidly removed from the skull and separated into two hemispheres. The left hemisphere
was immediately snap frozen in dry ice before being stored at -80° C for biochemical analyses.
The Elabscience competitive ELISA kit (Biocom Africa, South Africa, catalogue No. E-EL-
M0203, BDNF and E-OSEL-MQ0001, Corticosterone) for BDNF and corticosterone was used
according to the product specifications. The detection range is 3.12-200 ng/mL, with no
significant cross reactivity, a standard curve range of 0-1000 pg/ml, sensitivity of 1.93ng/mL

and a repeatability: coefficient of variation is <10%. The brain stem and cerebellum was
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removed from the brains, after which the tissues were weighed and then homogenized in ice
cold PBS (0.01M, pH=7.4) in a volume ratio of 1:9 tissue to PBS with a kitchen blender in 1,5
ml PCR tubes dipped in ice. The homogenates were then centrifuged for 5-10 min at 5000xg
at 2-8°C to get the supernatant. 100 uL each dilution of standard, blank and sample was added
into the appropriate plates. Plates were then covered and incubated for 90 min at 37°C. After
decanting the solution, 100 uL of Biotinylated Detection Ab working solution was added to
each well, followed by 1 hour incubation at 37°C. The solution was decanted and 350 pL of
wash buffer was added to each well, and pat dried after 1 minute. Washes were repeated 3
times. 100 uL of HRP conjugate working solution was then added to each well followed by 30
min incubation at 37°C. Wells were washed 5 times in a buffered solution and then 90 pL of
substrate Reagent was added to each well, followed by 15 minutes incubation at 37°C. 50 uL
of stop Solution was added to each well and readings were done at 450 nm using a preheated
microplate reader. The mean absorbance was calculated. The right hemisphere was immersion
fixed in 4% buffered paraformaldehyde overnight before being transferred into 30% sucrose

for Nissl staining and immunohistochemistry.

3.7.1 Sectioning of the brain tissues

The right cerebral hemispheres were sectioned in a coronal plane at 50 pum, using a Leica
croyostat at -25°C. One in 5 serial sections were collected free-floating into 24 well culture
plates with 0.1 M PB. The first set of serial sections were mounted in positively charged slides
and air dried, followed Cresyl violet staining. These sections were used to orientate the
sections, measure the volumes of the DG, granule cell layer (GC) and hippocampus proper.
The second set of the serial sections were stained with DCX for migrating cells using
immunohistochemical techniques. The remainder of the sections were stored for further
analyses.
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3.7.2 Nissl staining

For anatomical orientation, and brain tissue architecture, Cresyl violet or Nissl staining was
used. Decreasing concentrations of 5 minutes alcohol baths (100%, 95%, 70%, and 50%) were
used to rehydrate the slide mounted tissues, followed by 1 minute deionization in water. Slides
were than immersed for 1 minute in 1% Cresyl violet staining solution, transferred into distilled
water for 1 minute. Five minutes baths of increasing concentrations of alcohol (50%, to 100%)
were used to dehydrate the slides. Dehydration was interrupted with a differentiation in 70%
alcohol/acetic. Slides were dipped in the above solution until the desired intensity of the Cresyl
violet stain was achieved. After differentiation, dehydration was continued, and slides were

than cleared in xylene and cover slipped with DPX.

3.7.3 Immunohistochemistry

A protocol modified by Nkomozepi et al, (2019) was used for DCX immunohistochemistry
stains. Brain tissue sections were incubated in endogenous peroxidase inhibitor solution
containing 49.2% 0.1M PB, 49.2% methanol and 1.66% H-O., and then the sections were
washed in three ten minutes washes in 0.1 M PB. Washes were followed by a 2 hours
incubation with gentle shaking at room temperature in a blocking buffer solution containing
0.25 % Triton X-100 in 0.1 M PB, 2% bovine serum albumin and 3% normal goat serum. The
sections were then incubated with gentle shaking for 48 hours in primary antibody solution of
rabbit anti-DCX [(5dRFSS: 1:2000, AB18723, Abcam, UK); (Chronic restraint stress:1:250,
AB135349, mouse monoclonal, Abcam, UK)] in a blocking buffer solution, followed by three
ten minutes washes in 0.1 M PB. Sections were than incubated under gentle shaking for 2 hours
in 1,000 dilution of biotinylated anti-rabbit 1gG] (5dRFSS: BA-5000; Vector Laboratories,

USA or for Chronic restraint stress: 1:200: AS10 1427, Goat anti-Mouse 1gG (H&L), HRP
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conjugated, min, cross-reactivity to; vector laboratories, USA)] secondary antibody solution in
blocking buffer solution, followed by three 10 minute washes in 0.1 M PB. Sections were then
incubated for one hour in an avidin-biotin solution [1:125 A and 1:125 B (Vector Laboratories,
USA) in 0.1 M PB] under gentle shaking, followed by three ten minutes washes of 0.1 M PB.
The sections were then transferred into a solution containing 0.05% 3, 3-di-amino-benzidine
tetrachloride (DAB) in 0.1 M PB for five minutes. 3.3 pL of 30% H:0: was added to each 1
ml of the above solution, and the reaction was monitored by viewing the tissues under the
stereomicroscope. To stop the reaction, sections were transferred to a 0.1 M PB, and then
washed for 10 minutes in another fresh solution of 0.1 M PB. Stained sections were mounted
on positively charged slides and air dried overnight, followed by dehydration in increasing
concentrations of alcohol. Air dried slides were cleared in xylene and cover slipped with DPX.
Random control sections were stained following the above procedure but omitting either the
secondary or primary antibody to eliminate the confounding effects of none specific staining.

The control sections did not show DCX stained cells.

3.7.4 Volumes of the hippocampus and its subfields

The volumes the DG, granule cell layer (GC), pyramidal cell layer and hippocampus proper
for each animal were measured in all serial sections that were 250 wm part from each of the 72
brains (36 5dFSS and 36 chronic restraint stress) in each group on photomicrographs acquired
using a Leica ICC50 HD digital camera. The volumes were measured using a free hand tool of

ImageJ plugin, VOLUMEST (Schneider et al., 2012).
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3.7.5 Doublecortin quantification

Six brain sections that were 250 um apart were quantified for DCX in the SGZ of hippocampus
in each animal. Cells were manually counted by means of a cell counter of ImageJ (Schneider
et al., 2012) on photomicrographs taken by a Leica ICC50 HD microscope mounted camera.
Adobe photoshop version 7 software (Adobe Systems, Mountain View, CA) was used to
prepare the sample of micrographs of the DG of the hippocampus. The originality of the

micrographs was not interfered with.

3.7.5 Statistical analysis

Statistical analysis was done using Graph pad prism (version 7.0). All tests were parametric,
and P<0.05 was considered significant. ANOVA followed by Bonferroni’s post-hoc tests was
used for comparisons of significant differences among the treatment groups. Comparisons of
all scored behaviours were expressed as means * standard error and compared across
treatments groups. A paired t-test was used to compare the weights and food consumption
changes between the normal and the restrained animals during the chronic restraint stress

induction period.
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CHAPTER FOUR
RESULTS

4.1.1 Identification of phytochemicals in the hydro-ethanolic extracts of boophone
disticha using LC-MS

The spectrum view at 5.92 minutes had parental peaks as indicated by the black squares in Fig.
4.1 with the circle dots showing the fragments of the compounds. With the aid of a metabolite
mass spectral database, the parental peaks in figure 7 were identified according to their specific
m\z as follows: 246.1492 is Tropococaine; 274.1439 is Galanthamine; 286.1439 is Narwedine;
302.1388 is Buphanamine, and 316.1537 is Buphanidrine. All the phytochemicals obtain in
this spectrum view are alkaloids and they are the most abundantly isolated phytochemicals,

probably due to the use ethanol solvent.

Intens +MS, 5.92min #3917
x10P 27“439
2.0 4
316.1543
246.1492
1.5 4
1.0 4
286.1439
0.5 4 ) )
137.0598
D
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b 4 302.1383
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UULOC@h ..... e =
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Figure 4.1: Spectrum view of LCMS chromatogram, acquired in the positive-ion mode, from
an extract of the bulb of boophone disticha.
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4.1.2 Phytochemical profile of BD based on LC-MS data

The table below indicates the alkaloids of BD detected in the current study (Table 4.1). In the
table below, m/z is calculated as mass divided by charge number with the horizontal axis in a
mass spectrum expressed in units of m/z. z is almost always equal to 1, hence the value of m/z

1s considered as mass.

Table 4.1: Phytochemical profile of BD based on LC-MS data

Retention time m/z Common name Structural
formulae
104.1072 Choline CsHisNO
0.71min 302.1388 Buphanamine Ci17H19NO4
315.1537 Buphanidrine CisH21NOg4
3.77 min 205.097 Vasicinol C11H12N202
5.15 min 288.1241 Lycorine Ci6H17NO4
5.48 min 332.1493 Tazittine Ci1sH21NOs
272.1298 Crinine CisH17NO3
5.92 min 246.1492 Tropacocaine Ci15sH19NO2
6.86 min 286.144 Narwedine\Nerbowdine Ci7H9NO3
7.77 min 330.1335 Distichamine Ci6H17NOs
274.1439 Galanthamine Ci6H19NO3
14.92mm 275.1471 Carboxyprimaquine CisHisN2Os
18.16 min 353.2691 Montalnol C21H36NO4
24.39 min 264.2411 Caranine Ci6H17NOs
26.02 min 556.4332 Chloroxathin/OH- C40Hs0O
Nerosporene

4.1.3 Animal weights

Table 4.2 shows the changes in body weights of the animals in this study. Initial body weights
were taken at the start of the experiment, and then once every week. Terminal weights were
also recorded and compared to initial weights as shown in table 4.2. There was no statistically
significant difference in weight gain across the experimental groups (P=0.449). However, the
percentage weight gain of the control group was significantly higher than the experimental

groups (P=0.01).
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Table 4.2: Body masses (grams)

Parameter Treatments
Control  Stress + Distilled Stress+BD  Stress + P

water Fluoxetine value
Initial body mass (g) 18.75 21. 625 22 22.33 0.029
Final body mass (g)  24.125 24.25 24 24.83 0.449
Body mass gain (g) 5.375 2.625 2 2.5 0.001
% change in body 28.66 12.14 9.09 11.19 0.01
mass

4.1.4 Five days repetitive forced swimming stress

4.1.4.1 Induction Phase

During the induction phase, mice were forced to swim for 6 minutes daily for 5 days. On day
one, the swimming and immobility times were 141.06+29.55 and 218.93+£29.55 respectively.
These two indices significantly changed to 76.37+£29.77 and 283.62+29.77 respectively on day
five (P=0.000). From day six, the animals were assigned to three different treatment groups
(stress + distilled water; stress + BD; stress + fluoxetine) as described in the methods section

and were retested again after days 7, 14 and 21 of the treatment period post 5dRFSS.

4.1.4.2 Changes in swimming times during the treatment period

There were significant differences in swimming times across all the groups after 21 days of
treatment (F= 8.647, P=0.004; Fig. 4.2A). Bonferroni’s post hoc analysis showed that the
swimming time for both fluoxetine and BD treated groups was significantly higher than that of
the distilled water treated group (P<0.05). A time dependant effect of treatments recorded in
behavioural tests that were conducted in days 14 and 21 was performed. The post hoc analyses
showed that by treatment day 14, the swimming time for the fluoxetine treated animals was
significantly higher (P=0.0012) compared to the distilled water and BD treated animals, while

BD treated animals only showed a significant increase in swimming time by day 21 (P=0.004;
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Fig. 4.2B), at which time the fluoxetine treated group had reached a plateau of increase in

swimming time.

4.1.4.3 Changes in immobility times

On day 14 of the treatment period, immobility times were significantly different across the
treatment groups as demonstrated in ANOVA test (F=4.237, P=0.029). Furthermore,
Bonferroni’s post hoc analysis revealed that the immobility times were significant reduced in
the fluoxetine treated group compared to both the distilled water and BD treated groups (P=
0.01). On the contrary, no significant differences were found between the distilled water and

BD treated groups in post hoc test (P=0.185).

In day 21, ANOVA test detected significant differences in immobility times across the
treatment groups (F=8.597, P=0.004, Fig. 4.2C). Bonferroni’s post hoc analysis revealed that
immobility times were significantly reduced in both the fluoxetine (0.001) and BD (0.004)

groups compared to the distilled water treated group.

When compared to the control, distilled water treated group had significantly high immobility
times by treatment day 21 (P=0.001). However, no differences were found between the control

and both the fluoxetine (P=0.067) and BD (P=1.00) treated groups.

A time dependant steady reduction in immobility time from day 5 to day 21 was observed in
the BD treated animals, whereas a steady reduction was observed in a fluoxetine treated group
from day 5 to day 14 and plateaued between day 14 and 21. The immobility time for distilled

water treated group remained high throughout the treatment period (P= 0.001, Fig. 4.2D).
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Figure 4.2: Graphic representation of changes in swimming times after 21 days of treatment.
A) Significant differences in swimming time across different groups were observed in ANOVA
test (P=0.04). B) The post hoc test showed that in day 14 of treatment, the swimming time for
the fluoxetine treated animals was significantly higher (P=0.0012). C) In day 21, immobility
times were significantly different across the treatment groups as demonstrated in ANOVA test
(P=0.029). D) A significant time dependant steady reduction in immobility time from day 5 to
day 21 was observed in the BD treated animals (P=0.004). Error bars correspond to the SEM,
** indicates significant changes due to treatments.
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4.1.5 Elevated plus maze

4.1.5.1 Time spent in open arms

Figure 14 shows the results of the elevated plus maze. The ANOVA test showed that the time
spent in the open arms of the elevated plus maze was significantly different among the groups
(F=44.41, P=0.0001, Fig. 4.3A). Bonferroni’s post hoc test revealed that the time spent in the
open arms was significantly higher in the control group compared to experimental groups
(P<0.05). Furthermore, BD treated group recorded significantly high time in the open arms
compared to both distilled water and fluoxetine treated groups (P<0.05). The time spent in the
open arms for fluoxetine and distilled water treated groups was not significantly different
(P>0.05).

4.1.5.2 Time spent in closed arms

The time spent in closed arms was not significantly different across the groups as shown in
ANOVA test (F= 1.835, P=0.195). The control group recorded the lowest time in closed arms,
though non-significant, when compared with the treatment groups. However, both fluoxetine
and BD recorded low time in the closed arms as compared to the distilled water group (Fig.
4.3B).

4.1.5.3 Number of head dips and frequency of open and closed arm entries

The number of head dips was significantly different across the groups as shown by ANOVA
test (F= 6.122, P=0.0105, Fig. 4.3C). Bonferroni’s post hoc test showed that the control group
had significantly high number of head dips compared to distilled water and fluoxetine treated
groups, both of which scored the lowest number of head dips (P<0.05). Furthermore,
Bonferroni’s post hoc test showed that the head dips of the BD treated group were not
significantly different from those of the control group (P>0.05). In addition, the post hoc test
showed that both the control and BD treated groups recorded significantly high frequency of

open arm entries compared to both distilled water and fluoxetine treated groups (P<0.05, Fig.
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4.3D). Furthermore, BD treated group had significantly low frequency of closed arm entries

compared to distilled water and fluoxetine treated groups (P<0.05; Fig. 4.3E).
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Figure 4.3: Graphic representation of the elevated plus maze results.

A) The time spent in the open arms was significantly different across the groups in ANOVA
test (P=0.0001). B) The time spent in the closed arms was not significantly different across the
groups (P=0.195). C) The number of head dips was significantly different across the groups as
shown by ANOVA test (F= 6.122, P= 0.0105). D) Both the control and BD treated groups
recorded high frequency of open arm entries. E) BD treated group had significantly low
frequency of closed arm entries (P<0.05). Error bars correspond to the SEM, ** indicates
significant changes due to treatments.
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4.1.6 Volume of hippocampus

The ANOVA test did not detect any significant differences in the volume of the dentate gyrus
(F=0.3083, P=0.8190, Fig. 4.4A), whole hippocampus (F= 3.110, P= 0.1101, Fig. 4.4B), and
granule cell layer of the dentate gyrus (F= 1.501, P= 0.2955, Fig. 4.4C) across all the groups.
However, there was a slight reduction of the dentate gyrus volume in the experimental groups
compared to the control group. Similarly, a slight reduction in the hippocampal volume of the
experimental groups was observed compared to the control group. The same observation was
also noted in the volume of the granule cell layer of the experimental groups compared to the

control group.
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Figure 4.4: Graphic representation of the volumes of the dentate gyrus and hippocampus

across the groups.
A) The ANOVA test did not detect any significant differences in the volume of the dentate

gyrus (F=0.3083, P=0.8190); B) whole hippocampus (F= 3.110, P= 0.1101): and C) granule
cell layer of the dentate gyrus (F= 1.501, P= 0.2955), Error bars correspond to the SEM, **

indicates significant changes due to treatments.
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4.1.7 DCX Expression

There were statistically significant differences in the DCX expression across the groups as
detected by the ANOVA test (F=10.23, P=0.0005). Bonferroni’s post hoc test showed that the
DCX expression was significantly lower in the distilled water treated group compared to both
fluoxetine and BD treated groups (P<0.05, Fig. 4.5 and 4.6A). The DCX expression in
fluoxetine and BD treated animals was similar and comparable to the control group.
Furthermore, the DCX immunoreactive cells of the control, BD and fluoxetine treated groups
had well developed dendritic spines, while those of the distilled water treated group had poorly

developed dendritic spines (Fig. 4.6).

Figure 4.5: Photomicrographs showing DCX immunoreactive cells in the subgranular zone
(SGZ) of the dentate gyrus of the hippocampus of the normal (control) (A) and treated (B to
D) groups.

The black arrows are showing the cell bodies of the neuroblasts and the white arrows are
showing the dendritic spines. Poorly developed dendritic spines can be seen in the distilled
water treated group B. The oval circle in group B shows one of the patches in the lower limb
of the dentate gyrus where DXC immunoreactive cells were absent leading to low cell count in
this group. The magnified areas on the top right of each micrograph represent the areas
indicated by the black rectangles.
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Figure 4.6: Graphic representation of the expression of DCX immunoreactive cells (DCX-ir)
and biochemical analyses of brain derived neurotropic factor (BDNF) and corticosterone.

A) The expression of DCX-ir was significantly different across the groups (P=0.0005). B) The
expression of BDNF was significantly different across the groups (P =0.0026). C) The
expression of corticosterone was significantly different across the groups (P=0.001). Error bars
correspond to the SEM, ** indicates significant changes due to treatments.
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4.1.8 Brain derived neurotropic factor (BDNF)

The expression of BDNF was significantly different across the groups in ANOVA test (F=
9.051, P =0.0026, Fig. 4.6B). The expression of BDNF was significantly lower in the distilled
water group compared to the control, fluoxetine and BD treated groups in the post hoc test
(P<0.05). Furthermore, the post hoc test showed that fluoxetine and BD treatment significantly
increased the expression of BDNF compared to the distilled water group (P<0.05). There were
no significant differences when comparing the control group to both fluoxetine and BD treated

groups (P>0.05).

4.1.9 Corticosterone

The tissue levels of corticosterone were significantly different across the groups (F= 53.55, P=
0.001, Fig. 4.6C). The post hoc test showed that corticosterone levels remained significantly
high in the distilled water treated group when compared to the control group (P<0.05). On the
contrary, treatment with either fluoxetine or BD significantly reduced corticosterone levels
(P<0.05). The levels of corticosterone in the fluoxetine and BD treated groups were not

significantly different from that of the control group (P>0.05).
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4.2 CHRONIC RESTRAINT

4.2.1Chronic stress induction phase

4.2.1.1 Food consumption and weight changes during chronic restraint

During the induction phase of chronic restraint stress model, the experimental animals were
restrained for 6 hours as described in section 3.5. The control animals were not restrained and
had access to food and water ad- libitum. The paired sample T test was used to compare the
weight and food consumption changes between the control and the restrained animals during
the days 7, 14, 21 and 28 of the chronic restraint stress period to determine the effect of the
restraint in these two parameters. The t-test showed that the weight gain of the chronic restraint
animals was not significantly different from that of the control animals by day 7 of chronic
restraint (P=0.196). However, the weight gain was significantly lower in the chronic restraint
animals after days 14 (P=0.007), 21 (P=0.017) and 28 (P=0.004; Table 4.3).

Table 4.3: Showing weight changes during the 28 days chronic restraint induction period

Experimental = Parameter Chronic Chronic Chronic Chronic
group restraint day 7 restraintday  restraintday @ restraint day
weight gain 14 weight 21weight gain = 28 weight
gain gain
Control Initial mass (g) 20+0.6324
group Mass change (g) 21.75+0.0680 23+£1.1175 23.875+1.2578 = 24.5+1.3524
Body mass gain (g) 1.75 3 3.875 45
% Change in body @ 8.75 15 19.35 22.5
mass
Chronic Initial mass (g) 20.35+0.6324
stress group Mass change (9) 21.64+1.5667 21.38+4.26711 21.85+1.9752 | 22.02+1.9069
Body mass gain (g)  1.29 1.03 15 1.67
% Change inbody 7.5 3.69 5.53 6.16
mass
P value: % change in initial body = 0.196 0.007 0.017 0.004
mass

The average food consumption during the restraint period is shown in Fig. 4.7 and Table 4.4
below as recorded in days 7, 14, 21 and 28. The paired t-test was also conducted to compare
the changes in average food consumption between the normal and the restrained animals during

the 28 days of the chronic restraint period. The t-test showed that the average food consumption
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was significantly reduced in stressed animals compared to the control animals in day 7 of the
restraint period (P=0.033). On the contrary, the food consumption was not significantly
different between the control and stressed animals in days 14 (P=0.459) and 21 (P=0.433) of
the restraint period. By day 28, the food consumption was significantly reduced in stressed

animals compared to the control animals (P=0.041).

Table 4.4: Showing changes in food consumption during the induction of the chronic
restraint stress model.

Experimental group | Food Food Food Food
consumption | consumption | consumption | consumption
(9) day 7 (9) day 14 (9) day 21 (9) day 28
Control group 19.5+1.8518 31+3.7729 28.7+2.7439 25.3+3.1245
Chronic stress group | 18.2+1.5667 29.5+4.2711 | 29.2+1.9752 20.7+£1.9069
P value 0.033 0.459 0.433 0.041
I Consumption
I Weight
2
g " /E\
E
E — —— —= %
“'g_’ 20.00 _,/
g
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g 10.00
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Figure 4.7: Summary of changes in food consumption and weigh changes in the intervals of
days 7, 14, 21, and 28 during chronic restraint Stress induction period.

The t-test showed that the average food consumption was significantly reduced in stressed
animals compared to the control animals (P=0.033). On the contrary, in days 14 (P=0.459) and
21 (P=0.433), the food consumption was not significantly different between the control and
stressed animals. By day 28, the food consumption was significantly reduced in stressed
animals compared to control animals (P=0.041).
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4.2.2 Animal weight changes after the treatment period

Table 4.5: Body masses (g)

Parameter Treatments
Control Stress + Stress + BD Stress + P

Distilled water Fluoxetine value
Initial body mass 20+0.00 20+0.00 21+0.00 21+0.8165 0.003
(9)
Final body mass 25.37+1.2500 23+0.9128 23.62+0.5000 24.12+1.2500 0.051
(9)
Body mass gain 5.37+1.2583  3+0.9574 2.62+0.8539 3.12+1.2500 0.036
(9)
% Change in 26.85 15 12.47 14.85 0.015
body mass

4.2.3 Elevated plus maze

4.2.3.1 Elevated plus maze day 7 test during the treatment period
After the chronic restraint test, animals underwent 21 days of treatment. During the treatment
period, behavioural tests were conducted in days 7, 14 and 21 using elevated plus maze, light

dark box, and open field test.

The time spent in closed arms of the elevated plus maze was significantly different across the
groups in the ANOVA test (F= 3.775; P=0.041; Fig. 4.8). However, the Bonferroni’s post hoc
test showed a p value of 0.075 when comparing the time spent in closed arms for distilled water
and fluoxetine, with fluoxetine recording low time in closed arms (Fig. 4.8A). The time spent

in the closed arms by BD treated and control animals was not significantly different (P=1.00).

The time spent in the centre was significantly different across the groups (F=3.559; P=0.055).
Bonferroni’s post hoc test showed that the fluoxetine group had significantly higher time in the
centre when compared to the distilled water treated animals (P=0.055; Fig. 4.8B), while the
BD treated, and normal animals had comparable time spent in the centre (P=1.00). The time
spent in the open arms was not significantly different across the groups (F=1.910; P=0.182;

Fig. 4.8C). Similarly, no significant differences were detected across the groups in the number
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of open arm entries (F= 1.910; P=0.182; Fig 4.8D), number of closed arm entries (F=1.529;

P=0.257; Fig 4.8E), and the number of head dips (F= 3.257; P=0.060; Fig 4.8F).
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Figure 4.8: Graphic representation of the elevated plus maze results in day seven of the
treatment period.

A) Fluoxetine had marginally low time in closed arms. B) Fluoxetine group had significantly
higher time in the centre. C) The time spent in the open arms was not significantly different
across the groups (P=0.182). D) No significant differences were detected across the groups in
the number of open arm entries (P=0.182), E) number of closed arm entries (P=0.257), and F)
the number of head dips (P=0.060). Error bars correspond to the SEM, ** indicates significant
changes due to treatments.

4.2.3.2 Elevated plus maze day 14

There were no statistically significant differences in the time spent in the centre (P=0.517; Fig.
4.9 A), closed arms (P= 0.185; Fig. 4.9B) and the number of closed arm entries (P=1.00; Fig.

4.9 C).
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Figure 4.9: Graphic representation of the none-significant elevated plus maze results in the
14" day.

A) No statistically significant differences in the time spent in the centre (P= 0.517), B) closed
arms (P=0.185), C) number of closed arm entries (P=1.00). Error bars correspond to the SEM.

There were statistically significant differences in the time spent in the open arms across the
groups (F= 58.814; P= 0.0001; Fig. 4.10A). The Bonferroni’s post hoc test showed that the
distilled water group had significantly low time in open arms when compared to the control
(P=0.0001), BD (P=0.0001), and fluoxetine (P= 0.003) treated groups. Furthermore, the time
spent in the open arms for control and BD treated animals was not significantly different (P=
0.313). Additionally, the time spent in open arms was significantly lower in fluoxetine treated

group compared to BD treated (P=0.001), and control groups (P=0.0001).

The number of closed arm entries was significantly different across the groups (F= 9.267;
P=0.002; Fig. 4.10B). Bonferroni’s post hoc test showed that the number of closed arm entries
were significantly higher in the distilled (P= 0.002), BD treated (P=0.049), and fluoxetine

(P=0.015) treated animals when compared to the control group.

The number of head dips was also significantly different across the groups in the ANOVA test

(F=35.952; P=0.0001; Fig 4.10C). The Bonferroni’s post hoc test showed that the number of
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head dips was significantly lower in distilled water, BD and fluoxetine groups when compared

to the control group, all with a P value of 0.0001.
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Figure 4.10: Graphic representation of the significant differences in the elevated plus maze
results in the 14" day of treatment.

A) Significantly low time in open arms when compared to the control (P= 0.0001), BD (P=
0.0001), and fluoxetine (P= 0.003) treated groups. B) The number of closed arm entries was
significantly higher in the distilled (P=0.002), BD (P=0.049), and fluoxetine (P=0.015) treated
animals. C) The number of head dips was significantly lower in distilled water, BD and
fluoxetine groups when compared to the control group, all with a P value of 0.0001. Error bars
correspond to the SEM, ** indicates significant changes due to treatments.

4. 2.3.3 Elevated plus maze day 21

There were no statistically significant differences in the time spent in the center of the maize
across the groups (F=4.437; P=0.057; Fig. 4.11A). The time spent in open arms of the maize
was significantly different across the groups in the ANOVA test (F= 4.311; P= 0.028; Fig.
4.11B). The Bonferroni’s post hoc test showed that the time spent in open arms of the maze
was significantly lower in the fluoxetine group (P=0.051). On the contrary, the time spent in
the open arms of the maze was not significantly different when comparing distilled water (P=

0.139) and BD (P=1.00) groups to the control group.
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There were statistically significant differences in the time spent in closed arms across the
groups in the ANOVA test (F= 16.726; P=0.0001; Fig. 4.11C). The Bonferroni’s post hoc test
showed that the time spent in closed arms was higher in the distilled water group compared to
the control group (P=0.019). Furthermore, the time spent in the closed arms was significantly
lower in the BD treated group compared to the control group (P=0.046). The time in the open
arms for the fluoxetine group was not significantly different from that of the control group
(P=0.922). In addition, the time spent in closed arms was significantly higher in the fluoxetine

treated group compared to the BD treated group (P=0.003).

100.00 B

60.00
80.00 5000

60.00 40.00

30.00 *%
40.00
2000
20.00
10.00
0.00

Control Distilled Boophone disticha Fluoxetine Control Distilled Boophone disticha Fluoxetine

Treatment group Treatment group

Time in the center day 21§

Time in open anms day 21 )

o
=
8

in closed anms day

Control Booph disticha

Treatmentgroup

Figure 4.11: Graphic representation of the significant differences in the elevated plus maze
results in the 21% day of treatment.

A) No statistically significant differences in the time spent in the centre of the maize across the
groups (F=4.437; P=0.057). B) The Bonferroni’s post hoc test showed that the time spent in
open arms of the maze was significantly lower in the fluoxetine group (P=0.051). C) The time
spent in closed arms was higher in the distilled water group compared to the control group
(P=0.019). Error bars correspond to the SEM, ** indicates significant changes due to
treatments.
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The number of entries in open arms were significantly different across the groups in the
ANOVA test (F=8.800; P=0.002; Fig. 4.12A). The Bonferroni’s post hoc test showed that the
number of open arm entries was significantly higher in the distilled water group compared to
the control group (P=0.013). The post hoc comparisons of the number of open arm entries for
fluoxetine, and BD to the control and the treatment groups themselves did not reveal any

significant differences (P=1.000).

There were no statistically significant differences in the number of entries in closed arms across
the groups (F=1.448; P= 0.278; Fig. 4.12B). However, the number of closed arm entries was
slightly lower in the BD treated group compared to distilled and fluoxetine treated group. This

slightly low number of closed arm entries of the BD group was comparable to that of the control

group.

The number of head dips was significantly different across the groups in the ANOVA test
(F=21.504; P=0.0001). Bonferroni’s post hoc test showed that the number of head dips was
significantly lower in distilled water (P= 0.004), BD (P= 0.001), and fluoxetine (P= 0.001)
treated groups compared to the control group (Fig. 4.12C). Further analyses of the Bonferroni’s
post hoc test revealed no differences amongst the distilled water, BD and fluoxetine treatment

groups.
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Figure 4.12: Graphic representation of the significant differences in the elevated plus maze
results in the 21% day of treatment.

A) The Bonferroni’s post hoc test showed that the number of open arm entries was significantly
higher in the distilled water group compared to the control group (P=0.013). B) No statistically
significant differences in the number of entries in closed arms across the groups (F=1.448; P=
0.278). C) The number of head dips was significantly lower in distilled water (P= 0.004), BD
(P=10.001), and fluoxetine (P=0.001) treated groups compared to the control group. Error bars
correspond to the SEM, ** indicates significant changes due to treatments.

4.2.4 Light dark box

4.2.4.1 Time spent in light and dark box during treatment period

There were statistically significant differences across the groups in the time spent in the light
box as demonstrated by the ANOVA test (P= 0.0001). Interestingly, the Bonferroni post hoc
test showed that the control animals had significantly low time in the white box compared to
all treatment groups, all with a P value of 0.0001 (Fig. 4.13A). Furthermore, the time spent in
the white box for BD treated group was not significantly different from that of the distilled
water treated group (P=0.158), while the time spent in the light box was significantly higher in
the fluoxetine treated group when compared to all other groups, all with a P value of 0.0001.

As the time spent in the dark box was measured in the same time period as the time in the white
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box, the results of the time spent in the dark box are a direct opposite of the time spent in the

white box (Fig.4.13B).
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Figure 4.13: Graphic representation of the time spent in light and dark box in day 7 of the

behavioral tests.

A) Bonferroni post hoc test showed that the control animals had significantly low time in the
white box compared to all treatment groups, all with a P value of 0.0001. B) As the time spent
in the dark box was measured in the same time period as the time in the white box, the results
of the time spent in the dark box are a direct opposite of the time spent in the white box. Error
bars correspond to the SEM, ** indicates significant changes due to treatments.

In day 14 of the treatment period, there were statistically significant differences in the time

spent in the light box across the groups in the ANOVA test (P=0.0001). The Bonferroni’s post

hoc test showed that both the distilled water and BD treated groups had significantly low time
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in the light box compared to the control group, both with the p value of 0.0001 (Fig. 4.13A).
On the contrary, the fluoxetine treated group had significantly high time in the light box
compared to the control, distilled water and BD treated groups, all with a p value of 0.0001.
The time spent in the light box for BD and distilled water groups were not significantly different
(P=1.00). The time in the dark box was a direct contrast of the time in the light box as animals

were either in the light or dark box (Fig. 4.13B).
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Figure 4.13: Graphic representation of the time spent in light and dark box in day 14 of the
behavioral tests.

A) The Bonferroni’s post hoc test showed that both the distilled water and BD treated groups
had significantly low time in the light box compared to the control group, both with the p value
of 0.0001. B) The time in the dark box was a direct contrast of the time in the light box as
animals were either in the light or dark box. Error bars correspond to the SEM, ** indicates
significant changes due to treatments.
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In day 21 of the treatment period, there were statistically significant differences in the time
spent in the light box across the groups (F=7.020; P=0.006; Fig. 4.14A). The Bonferroni’s post
hoc test showed that the time spent in the light box was significantly lower in the fluoxetine
treated group compared to the control group (P=0.032). Additionally, the time spent in the light
box was significantly higher in the BD treated group compared to the fluoxetine treated group
(P=0.006). On the contrary, the time spent in the light box for distilled water and BD treated
groups was not significantly different from the control group, both with a p value of 1.00. The

time spent in the dark box was a direct contrast of the time spent in the light box (Fig. 4.14B).
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Figure 14: Graphic representation of the time spent in light and dark box in day 21 of the
behavioral tests.

A) The Bonferroni’s post hoc test showed that the time spent in the light box was significantly
lower in the fluoxetine treated group compared to the control group (P=0.032). B) The time
spent in the dark box was a direct contrast of the time spent in the light box as the animals were

either in the light or a dark box. Error bars correspond to the SEM, ** indicates significant
changes due to treatments.
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4.2.5 Open field test

4.2.5.1 Time spent in the center of the field

There were statistically significant differences in the time spent in the center of the field across
the groups in day 7 of the treatment period as shown by the ANOVA test (F=3.577; P=0.047).
However, the Bonferroni’s post hoc test showed a p value of 0.074 when comparing the time
spent in the center of the field for the distilled water and BD treated groups, suggesting a
marginal difference, whereby the BD treated group had higher time spent in the center of the
field than the distilled water treated group. The comparison of distilled water (P= 1.00), BD
(P=0.115) and fluoxetine (P=1.00) groups to the control group showed no statistically

significant differences (Fig. 4.15A).

Similarly, in day 14 there were statistically significant differences in the time spent in the center
of the field across the groups as detected by the ANOVA test (F=6.476; P= 0.01). Contrary to
day 7 however, the Bonferroni’s post hoc test showed that the time spent in the center of the
field was significantly higher in the BD treated compared to the control (P=0.028) and
fluoxetine treated (P=0.033) groups. The time spent in the center of the field was not
significantly different when comparing the distilled water (P=0.291) and fluoxetine (P=1.000)

treated groups to the control group (Fig. 4.15B).

Furthermore, in day 21 of the treatment period, the ANOVA test did not detect any significant
differences in the time spent in the center of the filed across the groups (F=2.094; P=0.165;

Fig. 4.15C).
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Figure 4.15: Graphic representation of the time spent in the center of the open field during
behavioral tests.

A) There were statistically significant differences in the time spent in the centre of the field
across the groups in day 7 of the treatment period as shown by the ANOVA test (F=3.577,;
P=0.047). B) The Bonferroni’s post hoc test showed that the time spent in the centre of the
field was significantly higher in the BD treated compared to the control (P=0.028) and
fluoxetine treated (P=0.033) groups. C) In day 21 of the treatment period, the ANOVA test did
not detect any significant differences in the time spent in the centre of the filed across the
groups (F=2.094; P=0.165). Error bars correspond to the SEM, ** indicates significant changes
due to treatments.
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4.2.5.2 Time spent on the sides of the open field

The time spent on the sides of the open field was significantly different across the groups in
day 7 of the treatment period as detected by the ANOVA test (F=3.577; P=0.047). However,
for a comparison between the time spent on the sides of the open field for the distilled water
and the BD groups, the Bonferroni’s post hoc test showed a p value of 0.074 suggesting that
thought the ANOVA test showed significant differences, the significance was marginal,
whereby the time spent on the sides for a distilled water group was higher than that of the BD
group. Bonferroni’s post hoc test further showed there were no significant differences in the
time spent on the sides of the open field when comparing between the control and distilled

water (P= 1.00), BD (P=0.115) and fluoxetine (P=1.00) groups (Fig. 4.16A).

Similarly, in day 14 of the treatment period, the time spent in the center of the filed was
significantly different across the groups in the ANOVA test (F=3.728; P=0.045). However, the
Bonferroni’s post hoc test showed a p value of 0.063 when comparing the time spent on the
sides of the open field by the control and BD treated groups indicating a marginal significance
of high time on the sides for a BD group. The comparison of the time spent on the sides of the
open field for distilled water (P=0.498) and fluoxetine (P=1.000) to the control group did not

show significant differences (Fig. 4.16B).

In day 21 of the treatment period, the ANOVA test demonstrated that there were no significant
differences in the time spent on the sides of the open field across the groups (F= 1.058;

P=0.406; Fig. 4.16C).
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Figure 4.16: Graphic representation of the time spent on the sides of the open field during

behavioral tests.

A) Bonferroni’s post hoc test showed a p value of 0.074 suggesting that thought the ANOVA
test showed significant differences, the significance was marginal. B) In day 14 of the treatment
period, the time spent in the centre of the filed was significantly different across the groups in
the ANOVA test (F=3.728; P=0.045). C) In day 21 of the treatment period, the ANOVA test
demonstrated that there were no significant differences in the time spent on the sides of the
open field across the groups (F= 1.058; P=0.406). Error bars correspond to the SEM, **
indicates significant changes due to treatments.
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4.2.5.3 Frequency of rearing
The frequency of rearing was not significantly different across the groups in days 7, 14 and 21

of the treatment period. The results are detailed in Fig. 4.17 below.
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Figure 4.17: Graphic representation of the frequency of rearing in the open field during
behavioral tests.

A) BD and fluoxetine treated groups recorded similar low frequency of rearing when compared
to both distilled water and control groups, even though the differences were not significant. B)
The ANOVA test did not detect any significant differences in the frequency of rearing across
the groups in day 14 (F=0.893; P=0.478). C) Day 21, the frequency of rearing was not
significantly different across the groups (F= 2.323; P=0.136). Error bars correspond to the
SEM.
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4.2.5.4 Frequency of line crossing

The frequency of line crossing was not statistically significant in treatment days 7, 14 and 21

as detailed in Fig. 4.18 below.
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Figure 4.18: Graphic representation of the frequency of line crossing in the open field during

behavioral tests.

A) The number of line crossings in day 7 of the treatment period was not significantly different
across the groups as detected by the ANOVA test (F=1.029; P= 0.414). B) Similarly, the
ANOVA test did not detect significant differences in line crossing in day 14 of the treatment
period (F= 1.516; P=0.265). C) The same trend was also observed in day 21 of the treatment
period with nonsignificant differences in the frequency of line crossing across the groups
(F=0.676; P=0.585). Error bars correspond to the SEM.
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4.2.6 Volume of the hippocampus

There were no statistically significant differences in the volume of the hippocampus proper (F=
1.288; P=0.323; Fig. 4.19A and B), dentate gurus (F=0.962; P=0.462; Fig. 4.20 A and B) and
the granule cell layer (F=0.675; P=0.594; Fig. 4.21 A and B) across the groups. Even though
the differences were not significant, a slight volumetric reduction of the hippocampus proper,
was observed across the treatment groups compared to the control group (Fig. 4.19B).
Interestingly, the volume of the dentate gyrus in the distilled water treated group was slightly
higher than that of the BD and fluoxetine treated animals (Fig. 4.20B). Volumetric analyses
of the granule cell layer of the dentate gurus showed a different trend whereby the BD treated
group recorded slightly lower volume compared to control, distilled water treated and

fluoxetine groups (Fig. 4.21B).
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Figure 4.19: Graphic representation of the volume of the hippocampus proper/CA.

A) Photomicrograph showing Image J hand tool highlighted hippocampus proper for
computation of the volume. B) Bar graph indication nonsignificant differences in the volumes
across the groups (F= 1.288; P=0.323). Error bars correspond to the SEM. CA: Cornu Amonis,
PL: Pyramidal cell layer, DG: Dentate gyrus, GCL: Granule cell layer. Error bars correspond
to the SEM.
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Figure 4.20: Graphic representation of the volume of the dentate gyrus of the hippocampus.
A) Photomicrograph showing Image J hand tool highlighted dentate gyrus computation of the
volume. B) Bar graph indicating nonsignificant differences in the volumes of the pyramidal
layer across the groups (F=0.962; P=0.462). Error bars correspond to the SEM. CA: Cornu
Amonis, PL: Pyramidal cell layer, DG: Dentate gyrus, GCL: Granule cell layer. Error bars
correspond to the SEM.
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Figure 4.21: Graphic representation of the volume of the granule cell layer of the
hippocampus.

A) Photomicrograph showing Image J hand tool highlighted dentate gyrus computation of the
volume. B) Bar graph indicating nonsignificant differences in the volumes of the pyramidal
layer across the groups (F=0.675; P=0.594). Error bars correspond to the SEM.
CA: Cornu Amonis, PL: Pyramidal cell layer, DG: Dentate gyrus, GCL: Granule cell layer.
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4.2.7 BDNF and Corticosterone

In the current study, tissue levels of BDNF and corticosterone were analyzed in homogenized
brain tissue using the ELSA kit. There were statistically significant differences in the brain
tissue levels of BDNF as shown by ANOVA test (F= 4.962; P=0.0182). The Bonferroni’s post
hos test showed that the distilled water treated animals had significantly low levels of BDNF
compared to the control group (P= 0.017). The comparison of BD (P=0.245) and Fluoxetine
(p=0.130) indicated that there were no significant differences between these groups (Fig.
4.22A). Interestingly, the ANOVA test did not detect any significant differences in
corticosterone levels across the groups (F=0.966; P=0.433). However, both distilled water and
fluoxetine showed a slightly high levels of corticosterone compared to both the control and BD

groups (Fig 4.22B).
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Figure 4.22: Graphic representation of the brain levels of BDNF and corticosterone.

A) Bar graph showing significantly low levels of BDNF in distilled water treated group. B)
Bar graph show comparable levels of brain corticosterone across all the groups. Error bars
correspond to the SEM, ** indicates significant changes due to treatments.
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4.2.8 DCX expression

DCXir cells could not be analysed in the chronic restraint stress model. The supplier of the
antibodies terminated the production/supplier of the rabbit polyclonal antibodies (AB18723,
Abcam, UK) which were successfully used in the forced swimming stress model. Several
attempts to stain with the monoclonal antibodies (AB135349, mouse monoclonal, Abcam, UK)
could not yield positive results. Due to time frames of the current study, eventually a decision
was made to addendum this aspect of the study. It was considered that this decision will not
negatively affect the outcome of the study as the trend was established in the forced swimming
stress model and inferences could be made based on the results of the biochemical analyses of
BDNF and corticosterone. Below we present the pictures of the nonspecific stain obtained

from the failed antibodies for illustrative purposes (Fig. 4.23).
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Figure 4.23: Demonstration of nonspecific failed DCX stain:

A) Low magnification (4X) of the hippocampus. B) Medium magnification (10X) of the
dentate gyrus (DG), (square rectangle in A). C) Hi magnification (40X) of the granule cell layer
(GCL), (square rectangle in B), showing the nonspecific staining of the granule cells.
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CHAPTER FIVE
DISCUSSION

5.1 INTRODUCTION

In the current study, two stress models were used, FST and chronic restraint stress. The idea of
the two stress models was based on the fact that no one stress model is able to replicate stressful
condition as seen in humans (Campos et al., 2013). It has been established that the effective
animals stress models must meet three basic criteria reflected by human beings in stressful
conditions viz: face validity, correlating the physiological and behavioral changes associated
with specific emotional states, construct validity, the etiology of diseases, and predictive
validity, responses to pharmacological treatments (Becker et al., 2021). While both the FST
and the chronic restraint stress reflect the same characteristic in terms of the behavior of
animals, pathophysiology of the disease and response to treatment, they have different
strengths in reflecting the above three basic criteria. The weakness of the FST is that the
response of animals to this stressor is inconsistent due to genetic factors that are not yet
explained (Henn and Vollmayr, 2005). In the chronic restraint stress, animals tend to adapt or
habituate to the stressful conditions resulting in short lived depressive symptoms (Christiansen
etal.,, 2011; Grizzell et al., 2014, Park et al., 2018). In the current study, while the behavior of
animals did not show inconsistencies in the FST, signs of habituation were notable in the
chronic restraint stress animals as reflected in the results section and specified in the sections
below. Overall, the results of the current study were a good reflections of the three basic criteria
specified to extrapolate the results to human conditions in that the behavior of animals in the
tests, elevated levels of corticosterone, reduction of BDNF levels and response to treatment
was similar to that observed in humans (Nakagawa et al., 2019; Russell and Lightman, 2019;

Dong et al., 2022). Contrary to volumetric reduction seen in human hippocampi of stressed
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patients (Belleau et al., 2019), the current study did not observe significant changes in the

volume of hippocampus.

The LCMS of BD was conducted in the current study to detect the alkaloid constituent. Of the
alkaloids detected in the current study (Table4.1), buphanamine, lycorine, nerbowdine, crinine
and distichamine have also been detected in a previous study conducted by Neergaard et al,
2009. The above study also detected undulatine, acetylnerbowdine, crinamidine, buphacetine
and buphanisine which were not detected in the current study. Of importance in the results of
the current study, is the detection of buphanidrine and buphanamine, the two alkaloids which

are known to be responsible for binding to the serotonin transporter site (Table 4.1).

5.2  Forced swimming test

5.2.1 Changes in immobility time

In the current study, we investigated the therapeutic efficacy of the hydroethanolic extract of
BD in attenuating the effects of five days forced swimming stress in male Balb/c mice. In the
induction phase of the stress model, mice were forced to swim for 6 minutes, each day, in a
glass cylinder for five consecutive days followed by 21 days treatment interventions mixed
with behavioral tests in-between. The results indicate that the five days forced swimming
significantly increased the immobility time in day five compared to day one, thus confirming
a successful stress induction. The immobility time was high in control group compared to either
fluoxetine or BD treated groups throughout the 21 days treatment period. The persistent high
immobility time observed in distilled water treated group corroborates with previous reports
indicating that the 5 days forced swimming induced stress persists for a period of four weeks
(Mul et al., 2016; Serchov et al., 2016). Treatment with fluoxetine caused significant reduction

in immobility time by day 14. By day 21, immobility time for fluoxetine treated group remained
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similar to day 14 but BD treated group showed significant decline in immobility time compared
distilled water group.

The absence of change in immobility time in fluoxetine treated group between day 14 and 21
suggest fast onset and peak of action by fluoxetine, followed by plateaued effect. Previous
studies reported similar reduction in immobility time following 10mg/kg fluoxetine treatment
for 24 days in Balb/c mice but did not include the weekly intervals of behavioural test
assessments as in the present study (Dulawa et al., 2004). However, the result is consistent with
other previous reports of continuous reduction in immobility time between week one and week
two of fluoxetine treatment (Mezadri et al., 2011). Therefore, the distinction between the
present study results and the previous report, (Mezadri et al., 2011), is the third week
behavioural test assessment which showed a plateauing in the action of fluoxetine.

The present study has therefore revealed lack of prolonged fluoxetine action relative to
prolonged continuous potency of BD against the effects of the stress (Dulawa et al., 2004).
The time dependent increase in the efficacy of BD with the same dose could be an advantage
in maintaining depression patients without increasing the dosage of the drug. A previous study
showed that two alkaloids of BD, buphanidrine and distichamine have the affinity for the
SERT, a property which is believed to be responsible for the antidepressant effects of BD
(Sandager et al., 2005; Neergaard et al., 2009). Overall, the effects of both fluoxetine and BD
on the swimming behavior of animals are in agreement with the known principle that
serotonergic compounds like fluoxetine are sensitive to swimming behavior while tricyclic
antidepressants are sensitive to climbing behavior of animals [Detke et al.,995; Page et al.,

1999).
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5.2.2 Elevated plus maze

Fluoxetine treated group performed poorly in the elevated plus maze with regards to the
number of head dips and time spent in the open arms when compared BD treated group. The
lower fluoxetine scores in the open arms and head dips is in agreement with the reports by the
previous authors who recorded that acute administration of selective serotonin reuptake
inhibiters paradoxically increase symptoms of anxiety for some individuals whereby anxiolytic
effects only become observable after chronic treatment (Bagdy et al., 2001; Nutt, 2005). A
sharp increase in serotonergic function of SSRIs provoke an anxiogenic effects in animal
models (Birkett et al., 2011). The same effect has been observed in humans where anxiety is
exacerbated at the initiation of SSRIs treatment (Handley and McBlane, 1993). It is possible
that the slow action of BD shown in this study gives an advantage of a slow increase in
serotonergic function as opposed to a sharp increase caused by SSRIs which has been suspected
to cause anxiogenic symptoms in patients taking these drugs. The number of head dips, time
spent in open arms and the frequency of open arm entries in the BD treated group was
comparable to that of the control group, suggesting that BD attenuated the effects of stress.
These findings are in agreement with a previous study where 10, 25 and 40mg/kg doses of BD
produced high scores of head dips and frequency of unprotected arm entries (Pote et al., 2018).
We hypothesize that the observed time dependant increase in the efficacy of BD is the reason

for anxiolytic effects of BD treated animals as demonstrated in the elevated plus maze test.

5.2.3 Volume of the hippocampus
Not much has been reported about how acute stress affect the volumes of the hippocampus.
Previous studies have reported a 3% reduction in hippocampal volume in rats after exposure to

chronic stress (Rocher et al., 2004; Lee et al., 2009; Malhi et al., 2019; Moica et al.,2016;
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Rahman et al., 2016; Zimmerman et al., 2016). The neuronal loss caused by stress in the
hippocampus could be one of the explanations for the reduction in the volume of the
hippocampus (Kara et al., 2003; Mirescu and Gould, 2006). A previous study done do
demonstrate the effects of prenatal stress on the volume of the hippocampus found that the
reduction in volume specifically affected DG, subiculum, molecular layer, all subfields of the
cornu armonis and GC (Mareckova et al., 2018). The above hippocampal subfields are
identified as sensitive to stress and glucocorticoids (Mareckova et al., 2018). Furthermore,
animal studies have shown that changes in hippocampal volume are interlinked to changes in

cell proliferation, dendritic structure and neurogenesis (Maguire et al., 2006; Leuner and

Gould, 2010).

5.2.4 Doublecortin (DCX) expression

In the current study, the chronic stress significantly reduced the expression of DCX
immunoreactive cells. This reduction in expression of DCX immunireactive cells was
attenuated by both fluoxetine and BD treatments. The above results are consistent with the
previous findings that provided evidence that acceleration of neurogenesis is one of the cellular
mechanisms underpinning SSRIs antidepressant efficacy (Kobayashi et al., 2010; Ohira and
Miyakawa, 2011; Miller and Hen, 2015; Schoenfeld and Cameron, 2015 Ohira et al., 2019;
Shuto et al., 2020). Chronic administration of SSRIs including fluoxetine has long been shown
to play a role in promoting proliferation of progenitor cell early phase maturation and cell
survival stages of neurogenesis (Pawluski et al., 2014; Encinas et al., 2006; Wang et al., 2003).
In human patients, it has also been shown that the number of mature granule cells in the dentate
gyrus of major depressive disorder patients treated with SSRIs is higher than in untreated
patients (Boldrini et al., 2013). On the hand, a previous study in 5-HT1A receptor knockout

mice showed that proliferation and early maturation of cells in the DG was lacking after
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treatment with fluoxetine (Samuels et al., 2016). The above results suggest that the effects of
SSRIs on granule cell layer proliferation is mediated through 5-HT1A receptors (Turcotte-
Cardin et al., 2019). The involvement of 5-HT1A receptors in SSRIs mediated neurogenesis is
also confirmed by the studies that used a 5-HT1A receptor agonist, 8-OH-DPAT, where the cell
proliferation in the DG was seen to increase after short-term administration in rodents (Klempin
et al., 2010; Arnold and Hagg, 2012). In addition, 5-HT4 receptor activation has also been
shown to facilitate proliferation and maturation of new-born neurones (Mendez-David et al.,
2014). In the current study, BD treated animals showed results comparable to fluoxetine in
terms of expression of DCX immunoreactive cells. Previous studies have demonstrated that
two alkaloids of BD, buphanidrine and buphanamine have the affinity for the SHT (1A)
receptors (Ramaekers, 2003). The above is thought to be the explanation for the antidepressant
effects of BD. While previous studies did not look at the effect of BD on the expression of the
DCX immunoreactive cells of the dentate gyrus, the observations of the current study suggest
that BD causes antidepressant effects with the mechanism similar to that of fluoxetine in

rectifying the decline of DCX imminoreactive cell expression.

5.2.5 Corticosterone and BDNF levels

A significant increase in the brain corticosterone was observed in stressed control animals of
the current study, in agreement with previous authors (Browne et al., 2014; Habr et al., 2014;
Gong et al., 2015; Wasinski et al., 2016; Sousa et al., 2019; Safari et al., 2020). In the current
study, treatment with either fluoxetine or BD normalised the levels of brain corticosterone.
Similarly, other studies have recorded reduction in corticorsterone levels in depressed human
patients and animals after treatment with SSRIs (Aihara et al., 2007; Knorr et al., 2012;
Hernandez et al., 2013; Ruhé et al., 2015). Furthermore, our observations confirm the findings

by previous research that SSRIs are able to downregulate the HPA axis activity in both rats and
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human subjects (Inder et al., 2001; Paile-Hyvérinen et al., 2003). The reduction of
corticosterone levels seen after SSRIs treatment has been associated with improvement in
depressive symptoms including memory impairment (Hinkelmann et al., 2012).

We recorded significantly reduced levels of BDNF in the distilled water group of the current
study. These findings are in agreement with previous authors who reported low levels of BDNF
in animals exposed to stress and in post mortem brains of depressed patients (Aydemir et al.,
2005; Castrén and Rantaméki, 2010; Nagahara and Tuszynski, 2011; Guilloux et al., 2012;
Tripp et al., 2012; Wu et al., 2012; Phillips, 2017). Evidence has been previously provided that
the reduction in BDNF levels are linked to depressive symptoms in mice (Monteggia et al.,
2007; Lindholm and Castrén, 2014). Similar to corticosterone, treatment with either fluoxetine
or BD restored the levels of BDNF to the levels comparable to that of the control group in the
current study. Early studies established that part of the mechanism of action of antidepressant
drugs is enhancement of BDNF and TrkB mRNA expression in the hippocampus and cortical
regions (Nibuya et al., 1995; Nibuya et al., 1996). Fluoxetine in particular has been shown to
promote BDNF expression in the visual cortex and hippocampus through BDNF signalling
(Vetencourt et al., 2008). Furthermore, the increased levels of BNDF coupled with increase in
DCX immunoreactive cells recorded in the current study further support the theory that the
activity of the antidepressant drugs is related to neuronal plasticity (Castrén, 2014; Castrén and
Kojima, 2017). It is therefore possible that BD exerts its antidepressant effects on the BDNF

levels through the same mechanism described for fluoxetine and SSRIs in general.
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5.3 Chronic restraint stress

5.3.1 Weight and food consumption changes

The results of the current study showed that the chronic restraint did not affects the weight gain
of the animals in the first seven days compared to normal animals. The significant weight
reduction was only observed from days 14 to day 28. Interestingly, the significant food
consumption changes were observed in the first (day 7) and the last week (day 28) of chronic
restraint. It is not clear why the reduction in food consumption did not effect the weight of the
animals in day 7 as the significant weight reduction was only observed in day 14. Our results
are contrary to the study conducted by Jeong et al (2013). The above authors observed
significant decline in both weight and food consumption in the five day of a 2 hours daily
chronic restraint that was applied for 15 days in mice. Similar to the current study, the above
authors also observed a significant recovery in food consumption after the first five days of the
chronic restraint. This recovery could be due to stress induced increase in corticosterone levels
which is known to activate the stimulation of the appetite in the hypothalamus (Dallman et al.,
2004). However, the current study observed that the prolonged stress caused a relapse is
reduction of food intake in the fourth week. This is in line with the weight reduction that was
consistently lower in stressed animals compared to control animals. Glucocorticoids stimulate
the activity of the lipoprotein lipase in the adipose tissues of the organs, which in turn elevates
the fat storage around the organs, which would promote weigh gain in stressed individuals
(Bjorntorp, 2001). However, glucocorticoids also cause the release of the protein lipase which
supresses the appetite (Jequier, 2002). The above mechanism could explain the observed
weight reduction of the stressed animals in the current study. Furthermore, it has also been
suggested that chronic restraint increase energy metabolism due to heat loss that happens as
result of sympathetic nervous system stimulation which cause vasodilation (Rybkin et al.,

1997). The terminal percentage weight gains after the treatment period was significantly lower
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in all treatment groups of animals compared to the control group in the current study. This is
consistent with the previous studies which indicated that the weight gain in stressed animals
never reach full restoration even after the recovery or treatment period (Bjorntorp, 2001;

Jequier, 2002; Jeong et al., 2013; Zareian et al., 2015).

5.3.2 Anxiolytic effects of BD using elevated plus maze

To evaluate the anxiolytic effects of BD, after 28 days of chronic restraint, stressed animals in
the current study were divided into distilled water, BD and fluoxetine groups. Distilled water
was used as a negative control while fluoxetine was a positive control. Animals were treated
for 21 days, and behavioural tests conducted in days 7, 14, and 21 of the treatment period.
Below, we will start by consolidating the results of the elevated plus maze test in days 7, 14

and 21 followed by discussion.

In day 7, the only significantly different parameters were the time spent in open arms and time
spent in the centre of the elevated plus maze, both of which were observed in the fluoxetine

treated animals.

In day 14, the significant differences across the groups were observed in the tome spent in open
arms, number of closed arm entries, and the number of head dips. When comparing BD and
fluoxetine treated animals, a shift was observed in day 14 whereby the time spent in open arms
was significantly higher in BD treated compared to fluoxetine treated animals. In fact, the time
spent in open arms for BD treated animals was comparable to the control group. In addition,
BD, fluoxetine and distilled water treated animals recorded significantly high number of closed
arm entries when compared to the control group. The above was also observed with the number

of head dips.
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In Day 21, the significantly different parameters were the time spent in both closed and open
arms, number of open arm entries, and the number of head dips. The trend of the significantly
low time spent in the open arms for fluoxetine treated animals continued in day 21.
Interestingly, the distilled water and the BD treated groups scored similarly in the time spent

in open arms, and they were comparable to the control group.

It is also interesting to note that the BD treated group scored significantly low time in closed
arms compared to the control group. The comparison of the time spent in closed arms between
the fluoxetine and BD treated animals showed that BD performed better than fluoxetine

whereby BD treated animals had significantly low time in closed arms compared to fluoxetine.

With the number of head dips, all treatment groups scored significantly low compared to the
control group, with no significant differences when comparing the treatment groups amongst

themselves.

The time spent in open arms for fluoxetine treated animals was significantly low only in
treatment day 7 in the current study. These results are central to the popular believe that acute
administration of fluoxetine produces anxiety like or anxiogenic effects in rodent models due
to sharp increase of serotonin (Silva and Brandao, 2000; Drapier et al., 2007; Robert et al.,
2011; Abuhamdah et al., 2015). The above was also emphasised in a review of 18 rodent
studies where all studies reviewed noted the does dependant anxiogenic effects of chronic
fluoxetine administration (Kryst et al., 2022). On the contrary, while BD treated animals had
low time in the open arms in day 7, the subsequent tests showed significant increase in time
spent in open arms in the in this group of animals compared to fluoxetine. These results confirm
the finding observed in the five days forced swimming stress model as documented in section
5.1 above in our published data (Xhakaza et al., 2022). The said results indicated that BD is a

slow acting agent which only produce anxiolytic effects after 14 days of treatment. It is evident
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that these anxiolytic effects of BD are the same for both chronic and acute stress, making this

plant extract an effective antidepressant agent in both these conditions.

5.3.3 Anxiolytic effects of BD using light dark box
The light dark box test was also performed in days 7, 14 and 21 as detailed for the elevated

plus maize in section 5.2.2 above.

Our results showed that the time spent in the light box was significantly lower in the control,
BD and distilled water treated groups compared to fluoxetine which recorded significantly high

time in the light box in day 7.

In day 14, fluoxetine treated animals continued to perform better than control, BD and distilled
water treated animals. However, the performance of the control animals approved when

compared to BD and distilled water.

It is interesting to note that the anxiogenic effects of fluoxetine only started to show in day 21
in the light dark box test where the time spent in the light box became significantly lower than
all other groups. The control animals also showed the expected performance whereby the time
spent in the light box was not exceeded by the treatment groups even though it was similar to

that of the distilled water and BD treated animal.

The observed poor performance of the control animals in days 7 and 14 could due to lack of
habituation to handling as these animals were handle less due them not undergoing chronic
restraint stress. It has been suggested that handling experience reduces anxious behaviour in
rodents during behavioural tests (Abuhamdah et al., 2015). It does seem this in the current
study, the time spent in the light box was a matter of habituation more than the effects of
treatment for the distilled water and BD treated groups. This is due to the fact that by day 2,
both the distilled water and the BD treated animals had similar time in light box which was

also comparable to that of the control animals. Our results are contrary to the previous studies
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where normal animals had significantly high time in the light box compared to the dark box
(Ardayfio and Kim, 2006; Ibironke and Olley, 2014; Orellana et el., 2015; Anandan et al., 2020
Ghosh et al., 2021). It is not clear why this is the case as studies do not give details regarding
animal handling before the light dark box test. Further investigate is necessary for accurate
interpretation of the results. We however hypothesise that the effects of the repetitive handling
during the chronic stress induction is a major factor of the difference in the results obtained in
the current study. The repetitive handling been shown to reduce the anxiety behaviour in

experimental animals (Ueno et al., 2020).

5.3.4 Anxiolytic effects of BD using open field test

In the open field test, the analyses of the time spent in the centre and the sides in days 7, 14 and
21 showed significant differences in day 14 where BD treated animal had significantly high
time spent in the centre of the field. The lack of the effects of the fluoxetine and BD in day 21
is agreement with the notion that SSRIs are no not effective in the centre time in the open filed

test (Prut and Belzung, 2003).

The frequency of rearing and line crossing also did not show significant differences across the
groups. The open filed test is important for exploring motor activity in addition to anxiolytic
effects of the tested agents. The line crossings in the current study were used a measure of
distance the differences in the distance travelled. It is important to note while BD did not show
anxiolytic effects in all parameters of the open field test, the absence of significant differences
in line crossing is a good indicator that BD does not have any negative effects on the mobility
or motor activity in the animals. The distance travelled, measured by frequency of line crossing
in the current study is of great importance in the open field test as the reduction in the mobility
of the animal can confound other parameters that are dependant on the mobility of the animals

(Seibenhener and Wooten, 2015). Due to manual analyses of the behaviour of animals in the
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open field test of the current study, other factors like free, and immobility could not be
accounted for. It has been suggested that the above parameters could affect the time spent on

the centre and sides of the open field (Rodgers, 2007).

5.3.5 Volume of the hippocampus

The volume of the hippocampus did not show any significant changes in all parts of the
hippocampus measured in the current study. The current study had the same findings for the
volume of the hippocampus in the forced swimming stress. Our finding are contrary to those
of several previous authors who reported that chronic stress causes reduction of the volume of
the hippocampus (Rocher et al., 2004; Lee et al., 2009; Malhi et al., 2019; Moica et al.,2016;
Rahman et al., 2016; Zimmerman et al., 2016). However, all the said previous studies were
done on MRIs and not on histological sections as is the case with the current study, a possible

reason for the contradiction in the findings.

5.3.6 BDNF and corticosterone

The current study recorded significantly low levels of BDNF in the distilled water treated
animals, while those animals treated with both BD and fluoxetine had BDNF levels comparable
to those of the control animals. These finding are in agreement with the previous studies which
suggested that stress reduces the levels of BDNF (Cunha et al., 2006; Palomino; Guilloux et
al., 2012). A previous study showed that the mice that were exposed to chronic stress with had
poor memory compared to the control mice in a habituation open filed test (Gamaro et al.,
1999). While distilled water treated animals in the chronic restraint stress model showed signs
of habituation, in behavioural tests, it is possible that the effects of low BDNF levels might
have persistent effects on memory, even though the current study had no interest in memory

deficits.
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The corticosterone levels were not significantly different across the groups. The above findings
could support the idea that during the chronic restraint stress experiment, animals undergo
some degree of habituation and resistance to stress (Benini et al., 2019; Ueno et al., 2020).
However, the persistent low levels of BDNF indicate that the habituation could be related to
normalising levels of corticosterone but not BDNF. This finding is of great clinical significance
as it may explain the persistence of memory deficits observed in adult depression patients with
a history of childhood trauma (Bicker et al., 2013; Burri et al., 2013; Petkus et al., 2017;
Nakanyama et al., 2020). In the above studies, it was noted that treatment regiment of children
exposed to trauma should carefully consider the long impact the trauma may have in these
patients at a later stage. The findings of the current study maybe therefore suggest that

antidepressant treatment should be part of the treatment regimen in childhood trauma.
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6. CONCLUSIONS, LIMITATIONS AND RECOMMENDATIONS

We hypothesize that the hydroethanolic extract of BD exerts its antidepressant effects with a
mechanism similar to that of fluoxetine. Both the above treatments caused a reduction of
corticosterone and an increase in BDNF levels. The increase in BDNF levels is believed to be
responsible for the improvement in the count of DCX immunoreactice cell counts in the treated
animals when compared to the control group. Meanwhile both BD and fluoxetine demonstrated
anxiolytic effects in the forced swimming test, animals treated with fluoxetine showed
anxiogenic like behaviour in the open field test where the animals spent more time in the
protected arms and had fewer count of head dips, while animals treated with BD showed good
anxiolytic activities where the above parameters were significantly higher. In the current study,
we have also shown that the potency of BD has a time dependant increase in the forced
swimming test. Fluoxetine treatment reached its maximum potency by day 14 of the treatment
period as shown by the swimming time of the animals, while in BD treated animals swimming
time continued to increase steadily, and by day 21 it was comparable to that of fluoxetine
treated animals. On the other hand, in chronic restraint stress animals, the therapeutic effects
BD were more delayed, only becoming significant in treatment day 21, at which point
fluoxetine began showing anxiogenic effects. These results suggest that BD has a potential for
better outcomes as an antidepressant medication when compared to the current conventional
medication.

In BD treated animals, the lack of anxiogenic effects observed that is observed after chronic
fluoxetine treatment suggest the long term use of BD could have a better therapeutic effects
compared to fluoxetine.

Overall, the results of the current study suggest that BD attenuates the effects of stress on the

behaviour and neuroanatomy of mouse model of depression.
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In the current study, behavioural tests were manually analysed due to lack of access to the
relevant softwares and equipment for analysing and recording the animal behaviours. This was
one of the limitations of the current study as the softwares give more accurate results.
Furthermore, the supplier’s termination of the polyclonal antibodies in the middle of the
experiment resulted into an immerse struggle to get the antibody compatible with the mouse
brain tissue. The above resulted into exclusion of the DCX analyses in the chronic restraint
stress. This also contributed to the limitations of this study. The use of male mice might be a
limitation as response to stress is known to have sex differences. The results obtained in the
current study could therefore be applicable to males and probably not to females.

It is recommended that future studies of this kind be conducted using the software to analyse
the behaviours of animals for accuracy and ease of comparisons with other studies. It is also
recommend that the chronic restraint stress to conducted with the inclusion of DCX analyses.
Analysis of the volume of the hippocampus using MRIs is also recommended for similar
studies in future as the protocol of the current study differed from the previous ones that used
MRIs to analyse the volumes of the hippocampus. Further recommendation is made that future
studies should include western blot for expression of corticosterone and BDNF receptors since

in the brain, physiological effects of biomolecules are closely linked to receptor expression.
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72 Male Balb/c Mice

APPENDICES:

Divided into two groups for two stress
models

Appendix 1: Workflow |

I

Forced swimming model (n=36): 5 days forces
swimming except for control group

Repetitive restraint (n=36): 28 days restraint stress
except for control group

Control Stress+ Stress+10mg
Stress+
(n=9) 0.2ml /kg BD 10rrnES/skg
Distilled (n=9) fluoxetine
No stress water (nzg) (nzg)

Control Stress+ Stress+10
(n=9) 0.2ml mg/kg BD 150:16571%
Distilled (n=9) fluoxetine
No stress water X
(n=9) (n=9)

v

'

All animals will undergo behavioral tests on days 7, 14 and 21

Termination and sample collection
in day 21 after treatments

Left hemisphere will be formalin fixed, cryosectioned for histology (Nissl and
immunohistochemistry)

Hippocampus will be dissected from the right hemisphere, homogenized, centrifuged and supernatant
collected for biochemical analysis (BDNF and corticosterone)
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APPENDIX 6:

Boophone disticha attenuates five day
repeated forced swim-induced stress and
adult hippocampal neurogenesis impairment
in male Balb/c mice

Nkosiphendule Khuthazelani Xhakaza'™, Pilani Nkomozepi', Ejekemi Felix Mbajiorgu'

"Scheal of Anzicmical Scmnces, Facoky of Heakh Sciencm, Unereresy of the Witesiznrand, foboasesburg, “Deparimaent of Ansiemy, School of
Medicing, Sciako Maghatho Health Scwmces Unsvesuity, Prviors, ‘Tepariment of Human Asssomy and Physalegp, Faculty of Health, Scemcn,
Univezmty of [ohanraesbarg, ehanrssburg, South Alrica

Abstract: Depression is ome of the most common nenropsychisnic disonders and is associated with dysfonction of the
meurcendocrine system and alerations in specific brain prodeins. Booplamse digticha (BD) s an indigenons peychaactive bulk
that belongs to the Amarpiidacae family, which ks widely wsed in Southern Africa to treat depresdon, with sclentific evidence
of potent antidepressant-like effects. The present study examined the amidepressant effects of BD and its mechanisms of
action by measuring some behavioural paramseters in the dlevated plis maze, braln content of cortionsterone, braln derived
meurotrophs factor (BN FL and meuroblas d fferentiation in the hippocanpuos of Balhi mice exposed to the five day repeated
finrced swim stress (5d-RFSS) Male Balb'c mice were subjacted to the 5d-RFSS protocol 1o indisce depressive-like behaviour
(decreased swimming, Increased floating, decreased open arm emtry, decreased time spent in the open arms and decreased
kezad dips im the sevated plus maze test) and treated with distilled water, floosetine and B B treatnsent {10 mg/kgfpoo
fior 3 weeks] significamily atiezuaied the 5d-RF55-Induced behaviowural sbnormalities and the devated sernam costiomterone
levels observed im stressed mice. Additionally, 51-RF58 exposure significamtly decreased the number of peurohlasis in the
hippoecampus and BOMF levels im the brain of Balbfc mice, while fluoxetine and BD treatment attenuated these changes. The
antidepressant effects of BD were comparable to those of fleoetine, but unlike flucsetine, BD did ot show any anxiogenic
effects, suggestimg better pharmacological functions. In conclusion, our study shows that BD exented antidepresant-likes
effects im 54-RFS5 mice, mediated in part by normallzieg brain corticosterone and BONF levels

Key words: Depression, Antidepressant agents, Hippocampues, Corticosterons, Fluoxetine
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2 Anat Cell Bind

suicide The heterogeneity of depression suggesis that sml-
tiple Bidogical meechan ems may osderbe its etiology [3 ks
estimated that 40% risk of develaping depression ks genetic,
though the specific gemes involved are partially understond
|4]. The ather 6% mon-gemetic risk remales poordy defimed,
with diverse theories implicating acute or chronic stress,
childhood trauma, viral infections, and even random pro-
vesses during brain development ax possible casses [5].

The mast prescribed antidepressant dnsgs indsde tricy-
clic antidepressants {TCAs] and selective serotonin reuptake
inhibitors (55K1s) [8]. Fleoxetine in particular has been
shown mot omly o have antldeprescant properties bat 1o also
have amtioxidant activities [7]. However, these antidepres-
samt drisgs hawve undesirable side effects. For instance, acute
administration of S5R1s msch as fluoxetine has been reported
i paradowically increase sympinms of anxiety for some in-
dividisals thereby complicating the treatment objective [£, %)
This Imcrease in anxiety & related to increased serotonengic
function of S5R1s, which is believed o provoke an anxio-
genic effect in animal models [10]. Co-administration of
hemzodlazepines and S5H1s ks believed 1o canse faster onset
of anxiolytic effects of the S5R1 [9]. However, research has
shown that mon-sedating anti-depressants im comsbination
with benzodiazepines could result in driving impalrnsent
|11} Furthernsore, the conventional anthdepressant drugs
wuch as fluoxetine are highly expensive and beyond the reach
af the poor and the needy. Consegquently, the need for alier-
native amtbdepressant drugs becomes o great necessity and
have resulted in the search for affordable, cost effective and
exgily accessible natural products and herbal medicimes with
potential amxiolytic and antbdepresant properties such as
Boophone dishicha (B,

BD (umblewesdisore-eye fhower] is an indigenous bulb
that s widely used by traditional healers im Southern Africa
for the treatment of & variety of allments induding amxiety
[12]. BD» bebongs to the Amardiidacese family, Boophose
genus, found theooghost Sowthern and Tropical Africa [13],
and has heen reparted to reduce mean arterial pressure of
maternally separated mice [14] and in mormal mon-sivessed
mice [15].

Furtbermire, crude leaf extracts of BD have also been
shown o have & high affinity for the serotoain transporter
{SERT) 18], with its two alkalotds buphansdrine and
buphanamine, being responsible for bind ieg io ihe S5E1 sibe
of the serotomin P transporter [17]. These mechanisms may
partially explain why BD & used traditionally for the man-

hempc (idad. g 10,811 8ach, T2 100
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agement of anxisty One of the propoced mecanisms of ac-
than of many antbdepressants s through regulation of adult
hippocampal neurogenesls (AHN)L AHN is a complex mul-
tistep process imvalving precursar cell proliferation in the
subgrarular zome (S0:F) of the hippocamspal dentate gyres,
differentiation imio neuroblases, migration and sashesquent
imtegration into the gramsle cell layer [18] 55R1s have been
showen to enhance AHM, which might contribute to thelr
antidepressamt properties |19]. Conversely, stress and major
depression have been shown to reduce volanss, cell proliderna-
thon and neurogenesis im the adislt mammalian hippocampues

[204.
Given that B} possibly acts throsgh @ similar mechamism

i 55H s, we hypothesized that it would have a regulaory &
fect on AHM, Therefore, the alm of this stdy was to evaluate
the potemtial of a crude hydroethanolic exiract of BD o i
tenuaate the five day repeated forced swim (5d-EFS) induced
stress, assoclated effects and possible AHN impairment in
muale Balbyc muice. The 5d-EFS bas been shown to result in
progressive increases in immobidity tinee in rodents uswsally
persisting for at least 4 weeks and often considered the oncet
and persisbence of & depression-like state [21]. Additonally,
the 5d-KFS has been reporied to decrease siscrose preference
fior at least 4 weeks afier the last swkmming sescion, suggest-
ing anbedonia, which Is also observed in human depression
[21, 2¥]. The progressive increase in immobility timss and
persistence of anhedonia bas been shown to last for af least 4
weeks, giving & window of opportunity o evaluate therapen-
the Interventions [21].

Materials and Methods

Anfomals

Twenty {n=20) & week ol male Balb'c mice were ued in
the curremt study. Anlmals were purchased and howssd at
Wits Research Animal Fadliey (WHRAF) and were handled
by professional personnel of the facility. Before the start of
the experiment, animals were acclimatized for one wesk
Cionsequenily, at the start of the experimenial procedure, the
andmals were seven weeks old. Animals were individually
hoissed in perspex cages with wood shaviegs as & bedding.
4 12 bowrs light dark cyele was mainmingd throsghout the
experimental period. Pood and water was provided ad Libi-
ture. Initial body weighis were taken i the siar of the ex-
periment, and then ance every week. Terminal weights were
also recorded amd compared 1o initlal weights. All anknsal



Boophane disticha atiermates 5d-BF5 sires

experiments were carried ot according o the protocals ap-
prowed by the Amimal Fthics Soreening Committes {AESC)
of the Undversity of the Witwatersrand {AESC mumber:
AT LT D

Plamt materiel ard extraction of phytochemicals
Baulhs of BD were purchased from Random Harvesters in

Muldersdrift Johamnestiurg, South Africa and were authen-
ticated at the Department of Botany, University of |channes-
buasrg,. Sowth Africa.

A talbide knife was used to chop the fresh bulbs of BD into
small places amd sum dried for seven days. The dried plani
material was ground Imie a fine powder iing a blemder. The
poeder was them mixed with 2% ethamal in a rathe 5:1 (7%
ethanol: BD povwder] and placed on an astomnatic shaker for
24 hours at room temperatiare. After 24 howsrs, plast debris
were filtered uxing Whatman Mo. 1 filter paper. The ressliane
extract was concentratad wang a rotary evaporator at 70
The final produoct was a dark brown solid paste which was
alr dried, crusked into powder and stored at Foom tempera-
ture. The administered dose of the powder was weighted in
gramns according to each amimal's body weight and dissobved
in 2 ml distifled water and adninistered through orogastric
gavage.

chrommmtography-mass spectrometry

A Thermosclentific ultimate 3000 Ultra High-Perfor-
mance Liguid Chromaiography (UHFLC) in conjunction
with Braker Compact C-TOF high resolution mass spectro-
pleciometer (HERMS) was used io analyse 20 pl of BIY exiract
dissoheed In migthamal. Gradient ehecion sechnigees was ap-
plied to elute 20yl of the sanuple that wes injected into the
UHMLL in a period of 14 minutes. Solvemt A with a comcen-
Erabion ranging from 95% 5% of (1% formic ackd in water {viv)
and & solvent B with a concemtration ranging from 5%-95%
of 0% formibe ackd Im acetonitrile (v'v) was used through
Raptor ARC (12 Column (2.7 pm 2.02100 mm). Analyses
of the samiple was donge using the UHPLC-HRMS analyses,
whille Bruker Dakonics analyses was used fior mass spectrum

analyses
Experimental design

The twenty mice were randomly divided into two mals
groups: A (treatment groop: n=15] and B (contral: n=5).
Growp A was exposed to 5d-BF55 and was further disided
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inko three treaiment subgrowps {Floowetine, B0 and MHsrilled
water groups) with 5 mice sach. Flemetine group received a
dose of 100 mg'kg body weight of flooxetine [23, 24] via oral
gavage fior 21 days, B growp recetved M0 mgkg body weight
af BI} extract via oral gavage for 21 days [14) and [istilled
water group recebved 002 md distilled water, the vehicle for
e treatment dougs for 21 days., Growp B (Costrol) consisted
af five mormal mice that were pot exposed 1o 51-RFSS and
received distilled water for 21 days

Five day repemted forced swimaming stress model

Forced swimming siress mendel was first introduced by
Porsalt et al. [25], in 1577, The procedure for this modd (s
o place the mosce for & mintes into & glass-polyoarbonate
cylinder (25 cm highxd oo wide) filled 10 a depth of 10cm
with water maintained at 28°C. Immediately folkmeing the
& muinies exposure inio the water cplinder, the amimals are
removed from the cylinder and dried wsing a water absor-
bhemt pad. [n the current study, we used a recently described
five day repeated forced swim stress (5d-RFSS) protocol
|22], im which mice were forcad to seim in an open cylindn-
cal contaimer (dlameter, 10 cm; keight, 25 om) containing
10 cmn deep wader [25°C) for five consecutive days. The five
days procedure constitwied the induction phase of the stress
masdel. This protecol had been shewm 1o produce the depres-
sive symypinms that last for at least four wesks, allowing for a
time window i test and study therapeutic interventions [12]
After the five days induction period, animals were treated
jor X1 days, while five minotes behavioural tests were con-
ducted and video reconded at Intervals on days 7, 14 and 21,
after 5d-RFS5. The periodiduration of swimming and m-
mahility during the & mimutes test was messured from the
video recordings and recorded wsing a timer. While the FST
has received extensive criticlsm regarding s validity and
reproducibiity, a metanalysis of 73 behavioral studies that
used FST in mice demonstrated external validity and repro-
ducihility of the FET where different types of antidepressant
drasgs reduced immobility n the tea [26).

Thee issise of ethics regarding the wse of the FST has been
raieed due to its perceived suffering to animals [27]. Howew-
er, there is curremily no regulation agaimst the use of the FST.
The fact sheet pubdished by British Association for Peycho-
pharmaoology in conjunciion with, the Laboraiory Animal
Sciemce Association and Understanding Andmal Research
advocated for the continued use of FST as a valuahle beha-
foral screendng toold |28]. & recent commentary suggesied the
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use of pone-behaviora] nesrochemical measures lke brain
derived neurotrapic factor (BDNF) as an alternative io ithe
FST [29). The current study incloded the testing of the BDNF
levels in thie braim and showed that the changes in the BOKF
are in solidarity with the redisction in immeohility time inthe
FAT paving a way for a shift away from the FST.

Behaviomral fests

On the test day, mice were brought imo the test room for
at least ome howr before the test. All testing was performed
between 900 am and 15:00 pm by the experimenter. Behan-
joral tests were done random by (Elevated plus maize and
forced swimming testh. All behavioral activities were video
recarded via an everhead video camera {Canon Legria, HF
R=0s, Ching) and later analyzed by the independent obeerver

blinded ta the experimental groups.

Elevated plus maze

The maze Is plus-shaped with four identical 50 cm
{lengthiw10 cr fwidthp arms, elevated 70 cns above the foor.
Two opposite arms are surroanded on three sides by 30 om
tall opaque walls, and the other two arms are apen with no
prodecting walls on the sides. Bach animal was introduced in
thee cemire area {10x10 cm) Gcing an open arm and allowed
1o explare freely for 5 minutes. The number of arm emtries
amd time spest in each arm was scored. An arm estry was
soored when all four paws of the andmals entered an arm and
tkme in arm was counted ondy if all four paws of the ankmal
are within the arm [25]. Behaviours in this task (e, acthvity
in the apen and closed arms) reflect a conflict between the
rodeni’s preference for protecied areas (2., closed arms) and
thezir inmnate meotivation to explore novel environments (2g,
apen arms)l Ami-anxiety behaviour (increased open arm
tkme andior open arm entries) can be determined simultane-
ously with a measure of spontaneous motor activity (todal
andior dhoced aren entries |30, 31

Terminal procedures

After behavioural tests, anlmals were euthamized by an
averdose of 5% isoflurane at a flow of 2 min, followed by
intra cardise perfusion with buffered salime. Following per-
fusioin, bradns were rapidly remossed from the slosl] and sepa.
mated imie two hemispheres. The left hemisphere was im-
mediately spap frozen im dry ice befiore being stored at -BU*C
for hiochemdcal analyses. The Elahsoence ELISA kit (Biooam
Africa, South Africa, catalogwe Mo, E-EL-Mo203, EDNF and

himpe Uidol ceg 10511 &lach. 22 120
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E-OSEL-Mpoal, Corticosternme) for BOMF and cortioaste.
rone was eed according to the prodsct specifications. The
brain stern amd cerebellum was removed from the brains,
after which the bissues were weighed and then bomogenized
im ice cold phosphatetua fered saline (PES 001 M, pH=74] in
& vodamee ratk of 1:9 tissee to PBS with a kitchen blender in
15 ml PCR twhes dipped in ice. The homogenates were then
centrifisged for 510 minstes at 50000z at 2°C-2°C 1o get
the supernatant. & 100 pl each dilstion of standard, blank
and samuple was added into the appropriate plates. Plates
were then covered and incubated for S0 mizutes at 3790, Af
ter decanting the solution, 100 ] of Blotieydated Detection
Al working solution was added to each well, follmeed by 1
hoer incubation s 370, The solution was decanted amd 350
el of wazh buffer was added to each well, and pat dried afier
1 meimste. Washes were repeated 3 timses. 100 pl of HREP con-
Jugate waorkieg solution was then added to cach well followed
by 30 mipanes incubation at 574, Wells were washed 5 times
im & buffered solution ard then 90 ul of substrate Reagent
was added io each well, followed By 15 minutes incubation
at 37C. A 50 pl of stop Solwtion was added bo each well and
readings were dome at 450 mm using a preheated microplate
reader. The mean absorbance was calculated. The right
hemisphere was immersion flxed in 4% buffered paraformal-
dehyde overnight befiore being transferred into 30% sscrose
fior Missl stabning amd s nob istoc be mistry.

The right cerebral hemispheres were sectioned |n & cono-
nal plame at 50 ym, wwing a Lelca cropostat at -355C One in
5 seriall sections were collected free-floating knto 24 well cul-
ture plates with 001 8 PR The first set of serial sections were
mecnnted in postively charged slides and air dried, followed
Cresyl violet staining, Thess sactions were used 1o orlentate
the sectbons, measure the volumes of the DG, granule cell
(GC) layer and hippocampss proper. The second et of the
serial sections were stained with dooblecoriin (DCX] for
muigrating cell nsieg immunchisinchemical techmiques. The
remnainder of the sectioes were stored fior further analyses.

Faor anatoemical orientation, and braim tissse architec.
ture, Cresyl viedst or Missl stainlng was used. Decresing
concenirations of 5 minutes aloohol bhaths (1007, 95%, 70f,
and 5%} were used to rehydrate the slide mosnted tesues,
fodboneed by 1 mudmuste debom|zation in water. Slides were than
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immersed fior 1 minste in 1% Cresyl violet staining sodution,
transferred into distilled water for 1 mimse Pive minstes
baths of increasing concentrations of aleobal (50% to 1009)
were used to debydrate the slides. Dehydration was Inter-
rupied with a differentiation in 20% aloohol/acetic. Slides
were dipped in the above solution wntil the desired intensity
of the Cresyl violet stain was achieved. After differemtiation,
dehydration was contirmed, and slides were than dearsd in
aylene and cover slipped with DEX.

Immunohistochemisiry

A protoced meodified by Wkomozepd et al [LH], was used
for DX immunchistechemistry stains, Brain tiesue sec-
tions were incubated in endogenowes peroxidase inhibitor
solution contalning 49.2% 1 M PH, 49.2% methanod and
L&5% HAO,, and them the sections were washed in three ten
minutes washes in 01 M PB. Washes were followed by a 2
beours incubation with gentle shakieg at room temperature
in & blocking baffer solution containing 0,25 % Triton X-100
in 0.1 & PR, 2% bovine serum albumin ard 5% normal goat
serum. The sections were then incubated with gentle shaking
fior 48 hotsrs in primary astibady soltion of rabbie asti- DC
(12000, ABI8723; Abcam, Camdbridge, UK) im a blocking
basffer solmion, fallowed by three ten minstes washes in 00
M PE. Sections were than incwhated under gentle shaking for
2 hoazrs in 1K difution of botieylated antl-rabbit Bl (BA-
5000 Vecior Laboratories, Burlingame, CA, US4} secomd-
ary antibody solstion in blocking buffer solwtion, folloswed
by thiree 10 misuie washes im 0.1 M PH. Sections were then
inowhated for one hour in an avidin-biotin solstios [1:025 A
and 14125 B (Vector Laboratories) in 0.1 & PB] onder gentle
shaking, followed by three tem muimoies washes of 0.1 M PR
The gectbons were then transferred into a solution contakn-
ing 0L05% 3, 3-di-amimo-benzidine tetrachloride im 0.1 M
PE for five misutes. 33 gyl of 30% H, 0, was added to each 1
ml of the above solutbon, and the reaction was moadiored by
wiewing the tissises wnder the steresmibcroscope. To stop the
reaction, sections were transferred to a 001 M PE, and them
wished for 10 mimutes |m apother fresh sobstion of (01 M PR,
Stainad sectbons wers moasnted on pocitively charged slides
and air dried overmight., followed by debydration in increas-
ing concemirations of aloohol. Alr dried slides were deared in
ayleme and cover slipped with DEX. Rapdom control sections
were staimed following the above procedure bt onultting
either the secondary or primary amtibody 1o eliminate the
condounding effects of nome specific staining. The contral
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saciions did st show DUX stxined cells.

The volumes the D, G lyer and hippocanspus proper
for each animal was measured in & serlal sections on photo-
micrographs acquired using a Letea BOCS0 HD digital camera

using a free hand ool of Image] plugin, VOLUMEST [32, 33

Daubi . e

Six braim sections that were 250 ym apart were quanii-
fled for [eCX in the SGE of hippocanpus in each ankmal
Cells were masually counted by means of a cell counter of
Imagel |32] on pheote micrographs taken by a Leica 1CCS0
HID microscope moumied camera. Adobe photoshop version
7 software {Adobe Systems, Mountain View, CA, USA) was
used to prepare the sample of micrographs of the DG of the
hippocampus. The originality of the micographs was sot
interfered with.

Statistical fyis

Statisthcal analysis was done using GraphPad Prism 7.0
{GraphPad Prism Software Inc, San Diego, CA, USA) 411
tests were parametric, and Po005 was consldered signifi-
cant. AMOVA followed by Bonferrond's post-hoc tests was
used for comparisons of significam ddferences amang the
treatmeent groups. Comparisons of all scored behaviours
were expressed as meanszstandard error and compared
acToss IFealments groaps.

Results

Identification af plryfochemicals in the hydro-ethanolic
extracts of BD using LC-MS

The spectram view at 552 minuies bad parental peaks as
indicated by the Mack squares in Fig. 1 with the cirde dots
showing the fragments of the compounds. Witk the ald ofa
metabolite maks spectral database, the parental peaks in Fig.
1 were |dentified according to ther specific mfz ax follows:
2461452 is Tropocacalne; 274.1439 is Galoethareine, 2861435
is Marwedime, 30201388 iz Brphasamiee, and 3161537 s
Baphomidrine. All the phytochemicals obtain in this spec-
trum view are alkalolds and they are the most abundamily

isolated phytochemsicals, probabily due to the use ethanod sol-
VEnL
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Phytochemical profile af BD based on LC-MS data
Of the alkaloids detected in the current study (Table 1),

huphamimine, learine, merboadime, crindee and distichareine
have alen been detected in a previous study conducted by
Weergaard et al. [34), 2009, The above study also detected
umidelarine, acetnerbowadime, crinamidine, bupfacerine and
buphamisine which were not deteoted in the current stasdy. OF
imsportance in the resulis of the curremt shsdy, & the detec-
thon of brpharidrine and dupharaneine, the two alkalodds
whikch are knosm to be responsible for binding to the SERT
site (Tahle 1)

Amimal weiglts

Table 2 shevws the charges im body weights of the animals
in this snedy. Initial body weights were taken at the start of
the experiment, and then omce every week. Termimal weights
were aben recorded and comnpared to imitial welghts as shown
in Table 2 There was no statistically sigeificant difference in
welght gadn across the experimental growps [ Pebed). How-
ever, the percentage weight guin of the comirol growp was sig-
nificamitly higher than the experimental groups (P=0ui) bk is
pussible that the significant weight gain noted above is due 1o

— —
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the significamily kowe (P=0.1129] average initial welght of the
comtrod group as ol groups ended with a similar weight.

Forced swimming test

Indairtiom phase

[uring the inductbon phase, mice were forced to swim
for & minstes daily for 5 days. Omn day one, the swimming
and immobdlity times were 141.06+29.55 amd 189322455
respectively. These two indices significantly changed to
THATE29.77 and 2836242977 respectively on day five
(P=mu0il). From day s the animal were assigmed 1o thiree
differemt treatmsent groups as described in the methods
ahove and were retested again after days 7, 14 and 21 of the
trestmnent period post 5d-REFSS.

Changes in swimming Hmes durisg fee treatment period

There were significant differences in swimming fimes
acrods all the groups after 21 days of treatment (F=8.647,
Pl 00:k Fig. 24). Bonferromi’s post-hoc analyses showed
that the swimming time for both fhscxetine and BD treared
groups was significantly higher than that of the distilled wa-

Tl 1. Phrytoschemicad prolile of BD based on LC-WS daty
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B} The past-broc toxt shewred thae in day 14 of eacment

bility eirme From day 5 m dwy 2 was obsereed in the BID ereseed amsmals (5

roughour the mrarmene peried (F

che rwemmizg time for

vimodh, whale BT} croancd
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000 ), wheress 3 eresdy
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301l ]. Error Bary enrrespend m the viamd aed crvor of the

mean, " Cindsaroy ngnibcsss chanpes doc o sroacmen o, B, donplboons amtacba

ter treated group (Poll05) A time dependamt sffect of treat-
mienits recorded kn behavioural tests that were conducted in
days 14 and 21 was performed. The pog-foc anabyses sheonesd
thai by trestment day 14, the swimming time for the flsoo-
etime treated animals was significantly higher {P=000012)
compared to the distilled water and BD treated amimals,
while B treated animals only showed a significant increase
in swimnming time by day 21 {P=0004; Fg 2B}, wherehy the
flucxetine treated growp had reached a platesn of incresse in
swimnmileg tleme

Chamges in imrmobhility tmes

{in day 14 of the treatment period, immobiliey times were
significantly differes across the trestment groups as dem-
oastrated in ARNOAVA test (F=4.337, P=0u024). Furthermsore,

160

Baonderromi’s posr-foe analysis revealed thar the immaokhil-
ity timses were significant reduced in the flucxetine treated
group compared oo both the distilled water and BD created
groups (P= 0001). On the conrary, no significant differ-
ences were found between the distilled water and BD treated
groups im post-foc test (P=0135)

In day 21, ARONA test detected significant differences
in imnmaobility rimes across the ireatmemt groups [F=8.557,
FP=0004, Fig. 2C). Bonderronl’s post-foc analysis revealed
that immodility times were significantly redwced im both the
fluowetine §0.000) and BD {0.004) groups compared to the
distilled water ireated growp.

When comparsd to the control, distilled water treated
group had significantly high immobiity times by treatment
day 21 {P=0001). Howewer, nio differences were found be-

bitpus! Colorg (104 1 Sach 22 120
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tween the coniral end bodh ihe fuoketine (P=0067) and BD
(=l DM treated groups.

A tinee dependant steady reduction in immobilicy time
from day 5 to day 21 was observed in ihe BD treated animals,
whereas a steady reduction was ohserved in a fluoxmetine
treated growp from day 5 oo day 14 and plateased between
day 14 amd 21. The immobility time for distillsd waber treat-
ed growp remained high throughow the trearment period
(P=i.001, Fig 200}

Elevated plis moze

Time spend in open arms

Fig. 3 shows the resulis of the elevated plus maze. The
AMNOAA test showed that the time spent in the open arms
of the elevated plis maze was significantly different ansong
the groups (F=44.41, P=0.0001, Fig. 3A) Boaferrond’s post-
feav test revealed that the time spemt in the open arms was
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significantly higher in the comirol group compared o ex-
perimental groups {Pollos). Furthermore, BIY ireated group
recorded significantly high time in the open arms compared
io both distilled water and fhsmeiine treaied groeps (Pol 05)

The time spent in ithe open arms for floovetine and distillsd
water treated groups was mot significanthy different {Pe0.05]).

Tinme spent im closed arms

The time spent in closed arms was not significantly die
ferent across the groups as shown in ANOVA test (F=1H35,
P=0.195]. The controd growp recorded the kowest time in
closed arme, though non-significant, when compared with
the treatment groups. However, bath fluoxeting and B0
recorded low time in the clossd arms & compared oo the dis-
tillled water group (Fig. 3BL
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Numiber of head dips and frequency of open and closed arm

cnltries

The mumber of head dips was significantly different across
the groups as shown by ANOVA test (F=6.122, P=0.0105, Fig.
3C). Bonferronl's post-koc test showed that the contral group
had significantly high number of head dips compared to
distilled water and fluoxetine treated groups, both of which
scored the Jowest number of bead dips (P<0.05). Further-
moee, Boaferroal’s post-hoc test showed that the head dips
of the BD treated group were not significantly different fram
thase of the control growp (P>0.05). In addition, the past-
hoc test showed that both the comtrol and BD treated groups
recorded significantly high frequency of open arm entries
compared to both distilled water and fluoxetine treated
groups (P<0.05, Rg, 3D). Furthermare, BD treated group had
significantly low frequency of closed arm entries compared
to distilled water and flucxetine treated groups (P<0.05, Ry,
3E)

Valume of kippocampus

The ANOVA test did not detect any significare differences
in the volunse of the dentate gyrus (F=03083, P<0.8190, Rg
4A), whole hippocampus (F=3.110, P=0.1101, Fig. 48), and
granule cell layer of the dentate gyrus (F=1.501, £=0.2955,
Fig. 4C) acrass all the groups. However, there was a slight
reduction of the demtate gyrus volume in the experimental
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groups compared to the cantrol group. Similardy, a slight
reduction in the hippocampal volume of the experimental
groups was observed compared to the control growp. The
same cbservation was also noted In the volume of the gran.
ule cell layer of the experimental groups comspared 1 the
comtrol group

Doublecortin expression

There were statistically sgnificamt differences in the DCX
expression across the groups as detected by the ANOVA test
(F=10.25, P«0.0005). Boaferrond’s post-hoc test showed that
the DCX expression was significantly Jower in the distilled
water treated group compared to both fluoxetine and BD
treated groups (P<0.05, Figs 5, 6A). The DCX expression
In flucxetine and BI) treated animals was stmilar and com.-
parable to the control growp. Furthermore, the DCX im.
munoreactive cells of the contral, B and fluaxetine treated
groups had well devedoped dendritic spines, whide thase of
the distilled water treated group had poorly developed den-
dritic spines (Fig, 5).

Brain derived newretropic factor

The expression of BDNF was significantly different across
the groups in ANOVA test (F=9.051, P«0.0026, Fig. 6B). The
expression of BDNF was significantly Jower in the distilled
water group compared 1o the control, fluoxetine and BD

Fig. 5. I'howeicragraphs showing
DCX smunpmnicactae colis o the SG2
ot ths desmr gyrur of the hppocampes
vt the nocrral (comrsnd) (A) and srcassd
B-1) groops. The hlack srvows are
shurwring the ccll bodics of the nrure

blawns and the witite srvews 203 durazayg
the dendzice spune. Poardy dovcioped
dendrmtic spines <z be wen 1o 1be
dimilled waser srextad groop B Tle
wval circle (n group B sheras onc of she
parsies in che lower [ of the deniras
gyren wherr DNC sunmsrractwve oclls
weze abecnt keading vo lew cell counr
tu thas groep. The magnificd arcas
oo zhe top nghe of cach macomgraph
scpacseny the arcas isdacased by 1be
black recrangles. DCX, deublocornin
SGZ, mbgramés s GCL, pranclks
exl laver; ML, mokecslar bayes
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treated groups in the post-hoc test (P<0.05). Furthermore,
the post-hoc test showed that fluoxetine and BD treatment
significamtly Increased the expression of BONF compared to
the distitled water group (P<0L.05). There were no significant
differences when comparing the contral group to both fluax.
etine and BD treated groups (P>0.05).

Carticosterone

The expression of corticosterone was significantly dif-
ferent across the groups (F=53.55, P«0.001, Fig. &C). The
post-hec test showed that corticosterone levels remained
significantly high in the distilled water treated group when
compared to the control group (P<0.05). On the contrary,
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treatnsent with sither flooxetine ce BD significantly reduced
corticosterane kevels (P<0.05). The levels of corticasterane in
the fleaxetine and BD treated groups were not sgnificantly
different from that of the control group (P>0.05).

Discussion

Changes in immobility time

In the current stady, we investigated the therapeutic ef
ficacy of the hydroethanolic extract of BD in attenuating the
effects of five days forced swimming stress In male Balb/ic
mice. In the induection phase of the stress model, mice were
forced to swim for 6 minutes, cach day, in a glass cylinder
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for five consecutive days followed by 21 days treatment in-
terventions mixed with behavioral tests in-between. The
results indicate that the five days forced swimening signifi-
cantly increased the immobdility time i day five compared
i day ome, thus confirming a sscoessful stress indisciiom.
The tmmoility time was high in comral group compared
it elther flunxetine or BD treaded groups throughout the X1
days treatment perind. The persistent high immsobdlity time
observed in distilled water treated group corroborates with
[previodss reports imdicatieg that the 5 doys forced swimning
induced stress persisis for a period of four weekes [21, 22].
Treatment with flsoxetine cawced significant reduction in
inumsobility time by day 14. By day 21, immobidity time for
fhsoetine treated growp remakned similar to day 14 b BD
ireated growp showed significant dedine in immobility rime
compared distilled water growp.

The absence of change in immobdlity time |m fsoxetine
treated group between day 14 amd 21 susggest fast onset and
peak of action by flucxetine, followed by plateansd effect.
Previows siudies reported simidlar reductbon in bmmodilivy
time following 10 mg/kg fluoxetine treatment for 24 days
in Balhéc mice but did not inchede the weekly intervals of
behaviouaral test axsessments as in the presemt study |35].
However, the result s corsistent with other previows reports
of comtineous reductbon in immobdlity tlme between week
one and week two of flooxetine ireatment |36 Theredore, the
distinction between the precemt study resulis and the previ-
outs report [36] ks the third week hebavioural tes assessenem
whibch sheowed a plateauing in the action of fluooetine.

‘The present study has therefiore revealed lack of proloeged
fhsoetine action relative to prolonged contimuous potency of
BIY aggaimst the effects of the stress [35]

The time dependent increase in the efficacy of BD with
ithee same dose could be an advantage in maintaining depres-
sion patients withowt increasing the dosage of the drog. A
previous study showed that two alkaledds of BD, Suphand-
rine and distichamine have the affinity for the SEET, a prop-
erty which is belisyved to be responsible for the aptideprecam
effects of BD [12, 34]. Owverall, the effects of both flusxetine
and BD om the swinuming behavior of animals are in agree.
ment with the kemen princple that serolonergic compounds
like flsoxetine are sensitive to swimming behavior while
T A% are sensitive to dimbleg behavior of amienals |37, 38)

Elewated plus maze
Flusastine treated group performed poorly im the elevated
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plus maze with regards to the mamber of head dips and time
spent kn the open armd when compared BD treated growp.
The kywer fluscoeting scores in the open arms and head dips
is in agreement with the reports by the previows awthors
who recorded that acwie adminisiration of selective seno.
tonin reupitake inhibiters parsdoxically increase sympoo mes
of anxlety for some individoals whereby anxiolytic effects
only beoome observahle after chronic treatment [B, 9]. 4
sharp increase in serobonengic function of 35K 1s provolke an
anxiogenic effects in animal modds (10 The same effect
has been obhserved in humans where anuiety is exacerbated
at the initiation of S5 [s treatment [39]. It ks passible that the
slow action of BD shown in this study gives an advantage
of & slow kncrease Im serotonengic function as opposed o a
sharp increase cansed by S5RIs which has been suspected to
cause anxogenic symptoms in patienis taking thess dnags.
The mumber of head dips, tinse spest kn apen arms and the
frequency of open arm emtries in the BI treated growp wad
comparable io that of the control group, suggesting that B
witenuated the effects of stress. These findings are in agree-
meent with: a previows study where 10, 25, and 40 mg'kg doses
of BD prodsced high scores of bead dips and frequency of
unprodected arm emiries [15]. We hypothesize that the ob.
served time dependant increase in the efficacy of BD & the
reason for anxiolytic effects of BI treated animak as dem.
onstraied in the elevated plos maze test

Violume of the Rippocampus

Mot musch has beem reported abowt how acute stress af-
fect the volumes of the hippocampus. Previous studies have
reporied & 3% reduction im hippocampal volume in rats after
expasure to chronlc stress [40-45] The newnonal loss cassed
by stress in the hippocampus could be one of the explana.
tions for the reduction in the volume of the hippocampus
[46, 47]. A previos study done do demonstrate the effects of
prenatal stress on the volume of the hippocampus Sound that
the reduction in wolume specifically affecied D, sbiculum,
meclecular layer, all swhiields of the corne armonis and GC
[48]. The ahove hippocampal subfields are identified i sem.
sithve to stress and gluoocomticolds [42] Porthermore, amdmal
studies have shown that changes in hippocampal volume are
imterlimked to changes in cell proliferatbon, depdritic struc-

ture and mewnogenesds (49, 500

Doublecartin expression
I the current sbudy, the chronke stress significantly re-
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duced the expression of DCX Immenereactive cells. This
redsction in expression of DEX immundresctive cells was
aitemuated by both flunxetine and BD treatmenis. The ahove
resulis are consistent with the previoss findings that pro-
vided evidence that scceleration of neurogemesis is one of
the cellular mechanisms enderpinming $581s antidepressant
efficacy [51-54] Chronic administration of S5R1s inchsding
fhsoxetine has king been shaen 1o play a role in promssting
prodiferation of progenior cell early phase maturation and
cell survival stages of mewrogenesis [24, 55 56]. In human
patiemts, it has also been showwn that the sumber of mature
granule cells im the dentate gymous of major depressive disor-
dier patients treated with S5R1s ks kigher than in umtreated
patiemts [57]. On the hand, & previous study in 5-HT1A
receptor kmockost mice showed that proliferation and eardy
maturation of cells in the MG was lacking after treatment
with fluozetine [58] The above results suggest that the ef-
fecis of 55E1s on gramule cell layer proliferation is mediaed
throusgh 5-HT 1A receprors |39 The involvement of 5-HT1A
recephors in SSRIs mediated neurogenesis s aleo conflrmed
by the stsdies that used a 5. HT1A receptor agonist, 8-0H-
DEAT, where the cell proliferation in the [MG was seen io kn-
crease after short-term administration in rodents [0, 610 In
addition, 5-HT4 receptor activation has also beem showm to
facilicate proliferation and materation of new-horm neurones
[52) Im the current study, BD trested animals showed resules
comparable to fleoxetine In terms of expressbon of DX
immunoreactive cells Previous studies have demonstrated
that twao alkalokds of BD, bauphamidrine and bupfanomine
bave the affimity fior the 5-HT1A receptors [11). The above is
thousght to be the explanation for the antidepressant effacts
of BD. While previces studies did not leok ai the effect of BD
o the expression of the DCX immunoresctive cells of the
dentate gyrus, the observations of the curremt shedy suggest
that B[ canses antidepressant effects with the mechanism
similar to that of flecxetine in rectifying the decline of DX
imminoreactive cell expression.

Corticosterone and BDNF levels

A significant increase im the braim corticosterone was
cimerved in siressed controd andimals of the current study,
in agreement with previous authors [63.58]. In the current
study, treatment with elther flunxetine or BI} pornmalised the
levels of brale corthonsterome. Similarly, other studies have
recarded redection in corticorsterone levels in depressed
hasmam patients and animals after treatment with SSRIs [s9-
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73 Furthermore, our ahservations comfirms the findings by
previows research that $5R1s are able o downregulate the
HPA axis activity im both rats and human subjecis [73, 74
The redwsction of corticosterone levels seen after SSRE treat.
ment has been associated with improvement in depressive
sympioms inchsd ing memory impalrment [75).

We recorded significantly reduced levels of BONF in the
control group of the corrent study. These findings are in
agreement with previous suthors who reparted low levels
af BO¥F in animals exposed to stress and in pest mortem
brains of depressed patiemts [76-82). Evidence has been
previously provided that the reduction im BDMF levels are
limked 1o depressive symptoms in mbce [£3, 24). Smilar 1o
cortkcosterone, treaiment with either fluoxetine or BIY re-
stored the levels of BDMF bo the kevels comparable to that af
thee comired growp in the curremt study. Eardy stedies estab-
lished that part of the mechanism of action of amidepreccant
drsgs i enhancensent of BEDNF and TrkB mBENA expression
i thee hippocampass and cortical reglons |45, 28] Fluoxetine
in particular has been shown o promote BIXF expression
in the visual cortex and hippocampas through BONF sigral-
ling [&7] Furthermsore, the increasad levels of BN DF coupled
with Imcrease in DY immunoreactive cells recorded in the
current study further support the theory that the activity of
thee antidepressant drugs is reated to neuronal plasticity [££,
£9] It & therefore poscibile that BD exerts its antidepressant
effects an the BDMF levels through the same mechanism de-
weribeed fior flsoxetine and $5R1s in general.

In conclusion, we hypothesize that the hpdroethanolic
extract of BD exerts its antidepressant effects with o mecha-
nisen similar to that of flusxetine. Both the above treatments
camsed a reductbon of corticosterone and an increase in
BDNF levels. The Increase in BOME levels is believed 1o be
respomsible for the improvement in the oount of DCX inmus-
naoreactice cell couts im the treated animals when compared
o the contred group, Mean while both BD and fluoxetine
demonstrated anxbohytic effects in the forced swimming test,
animals treated with flsoetine shaowed anxiogenic like be-
haviour in the open fleld test where the animals speet more
time in the prodected arms and had fewer count of head dips,
while andmals treated with BD shosved good amxiolyiic ac-
thvities where the shove parameters were significantly higher
In the current study, we have also shown that the potency of
BI¥ has a time dependant increase in the forced swinming
test. Flunxetine treatment reached iis naximum potency by
day 14 of the treatment period as shown by the fwinming
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timse of the animals, while in BI¥ trested amimals swim-
ming timee comtineed bo increase steadily, and by day 21 i
was comparable io that of flooxetine treated animak. These
resules suggest that BIY has a potential for betier msicomes as
am antbdepressant medication when compared to the corremt

convertionzl madication.

Mkosiphendule Khwithardani Xhakaza
hitpss s cong 0 000 D002 280 0- 4510
Pilank Mkomaozepd-

bt bl corg 0 OO DNORCTL 6546 <5540

Ejekemi Felix Mbajiorgu:

hitpesfoncid crg 00000001 -T462-24353

Author Contributions

Conceptualizatbon: NEX, PN, EFM. Data acguisition:
NEX. Data analyss or interpretation: MEX Ph. Drafiting of
the mamuscript: NEX. Critical revision of the mamuscrip:
P, EFM. Appeoval of the final version of the mamuscript: all
authors.

Conflicts of Interest

Mo potential comflict of imntersst relevant o this anticle was
repoied.

Acknowledgements

The awthors would like 1o greatly appreciate the following
Sputh Africam imstitwtions for fusding the study: Thuthuka
gramt [TTEI902154 12278} of the Matbona) Besearch Founda-
tiom {NRF) and Sefako Makgatho Health Sciences University
(D407

References

1. Vigs D, Tharasensll G, Aven K. Eimatiag the true global bur-
den of mmital Snee Lancet Paychistry DE171-4.

1. Zayha TO, Evdolizsesy DV, Sdoreva TV, Abramets [, Makiow
W, Anbdipresnant-Bke elfects of sulstandes with ¢erchiopie-
teetive stivaty. Beel Markers Guidad Ther 200527963,

3, hsacker C. Feesh agpeoaches bo sntidep reisi drig dnadoversy
Expert (hpin Druyg Disesy 3004:3:407-20.

4. Homusgy OF, Heim Ch. Gee-environmenl anleralions and

hisgpc 17 ot g 10911 8ach, T2 100

167

Mlkosiphendule Khuthazelani Xhakara, et al

iniermadzale phonolypes: ey Irdmma and depression. Front
Endocrana] | Litis ko] 20H:5 14

5 Kiiler BC, Bergland F Desder O, lin R, Koretz D, Merikangas
KR, Bush Al, ‘Walters EE, Wksg P35, The cpilemiology of najor
depresdive disorder: reulti oo e Nalsssal Cosmorbiday
Survey Replicatisn [NCS-R). AR A D003 239:3035-105

6 Kharamin & Rasmeh & Mabovvals M, Moradian K, Rahim:
5, Oronji M, Teghavian L Mand Maher ME. Evalustion of
anlalépressant-like efled Lavandulifelis stachys an (e lorced
wwamni ngg bl i cosiparaeen wilh imipramine ded Do dine.
lnr | Plant Biol 2009; W:745E

7. Paivwir R, Svilesme M. Meion WV, Verapgan B (hanges m
the kevels of comel parasscices belore and alter Mesiatine e
apy in maper depricion patsenls. Anst Cell Bxeld J00053:194-
200

E Bagdy G, Gral M. Asbeser TE, Moo EA. Kanlor 5 Angiery-
Eke effevts inducal by acete Nuosetine, sectraline of @m-CFP
Irealmenl are reversed by pretresiment with the 5-HT2C recep-
Roar anlagonist SB-T4 3004 bul nat the 5-HT LA naoeplor anbag-
aiEl WAY-100635. e | M eopayclopharmecal D0014:399.
40K

9 Nuir 0. Overview of disgnoss esd drug brealments of anssery
drinderi, NS Speate 2E5; 104956

10 Biskenr MA, Shinday MM, Keaber E], Meyer |5, Rilchie 5,
Roillein JE. Acute anviogens-like ellis of deecive serolonan
meuplake anhibiors are alesusted by the benzmliasepan: dus-
epam in BALBN mice. Pharmseol Biochem Behay 201188544 -
3.

Il Ramaskers J0. Anlidepreisants and deiver impairment- em-
plracal evidence Insen o slindard on-e-road tea. | Cha Pay-
chaiatry Bch4-20.9

IE Saselager b, Miclen NI, Stalfond GI, van Staden ], Jager AK.
Alkaleady (rom Bosphane duticha with alfinicy to e sero-
Biarmn (rasdporier in ral brain. | Ethoopharmacol D0 55E:367-
i

13 Gadags LL, Tegwiceyi Oy Desajpire [, Mhacks CF. Acule oeal
Miicaly and seanedsbuvesica loxstologicsl efecis of hydro-
ethisalic exirat of Bosphone didicha in rals. Hun Exp Toxi-
sl M 1; M7 E-Ral

I Pote W, Tagwareyi [, Chisyenga HM, Masars C, Plulenyi
DO, Mkomozepi P, Gadaga LL, Nyandoro G, Chilamba .
Lang-term candsvaicular aubonomic responies b ifaeoas
ethasealic eateact of Booghone Snticha bulls m caily smternally
scjparaled BALBR mice 5 Alr] Bot 2004;54:13.9.

15 Pote W, Musarirs §, Chuma D, Gadaga L1, Munsdregans E,
Taguiceyi [ EMects of a hydeoetbanoke exiract of Boophoss:
disticha bulls on anasely-sebaled behaviour i asive BALB
mice. | Ethnophirsascod DF8 211421824

I Pedérsen ME, Saewesyhk B Sackswics K, Wieronikia |, An-
derien L Staflond (G, wis Stelon |, Pik A, Jager AK. Effiots af
South Alrican aditionsl mediciee in animsl moedes Toe de-
pressson. | Ethnoplermacol J008;1 5423

I7. Chezesman L, Mair [, van Steden | Antibacterial activicy of
ernane alkaloids frem Boophone disiala [Asarylialeces) |



Boophane disticha afiepmates 5d-RFS stres

Etbmopharmae] L1 40-405-3.

18, Mkomaozeps F, Maresgenya F Daewo A Age -celalod chasges
in Ki-67 and DCX exgresiion in Che BALB/ ¢ mouse {Mus
Mliiseiiliis) Beais [ar | Dev Meiiemes 09,7155 47

19. Sesiigg WM, Husng ¥, Ya X Lang B, Dy W0, ZBang L. Diver-
il podes of cenlral serolonan Ln ahill hippocinipsl neiirogen-
ik, Fronl Cell Mearosi 2007 1L185

. Malykhan WV, Cosgland N)]. Hippocampil seeneplistaaty in
inajir depresive disonder. Weieos ence 2005309 300-13

IL. Ml D, Eeeng [, Goodyear L], Validity asscsament of 5 day
repealed lorced-dwam ibress 1o mode] hisman depeeddion an
young-adult C57BLA] and BEALBGC] mice. eieuns J0bcEN-
ELTROVI0L- ke 2008

12, Berchow T, Chemerit HW, Sclwiars MK, lasevali F, Tesh DE,
lddslior B, Jabieon KA, de Bartolomets A, Normias C, Biber
K, v Calker D Dncreasal sigraling v adenosine Al nedep-
loes, sbedp deprivalion, imipramine, and ketisine iahila
depressive-lile behavesr v induction of homerls. Neuron
BH ECRTS49-A0.

I3 Hesles GE, Hill-Saasth TE, Lacki L. Fludsetine teeatmenl in-
dices dose dependenl alteralions in deprosmon aieodziled
behavior and seural plasticaty in femile mice. Nesmosci Lem
BH{AEd: L6

24, Paslushc JL, vam Dusdcliar E, Abeasn F, Bosbar ¥, Rllea M,
Saginbusch HW, Chadier TD: Flunsetise dose snd admsiniz-
Iralicmn metbenl Ellenmrially adlect hippocasspal plastzaty in
adult female rais. Nearal Plas X0 £3004:1 5008

15 Porsolt RO, Bertan A, Jalie M. Behavioral doipaas in oiice: a
sy scnechiing Lel for anlidepecsiints Anch Tnl Pl
indyn Ther 1977:219:317. 34

16, Kisa ME Svakakn ¥, Einst H. Revisiting the validicy of the
it Torced Wi leil: svabomal fevicw and sele-asmlyais
af 1he cffects of protlypic anladipresi ls. Mo Bl
Roew 2018 84:0-11

17 PETA. Vswres! PETA @ cnding near-deow ning esperimenis
an animals [Ismerser]. Morfolk, VA: Posple er (ke Eikical
Treeatment of Anisabc 2000 |jcited 2022 [ul 18] Available
[eom: hrips:iwww pele oegTealurespels-ends -mear-drown-
ing-lesis-dmall-eaimalk,

I8, LASA The foreed swim tesl |[nlernet]. Hulk LASA: e 2000
jeined 202E fud 23] Avualabde: Bromi: bipe e, lasac ool fthe-
lorced-mwim-lesl.

5. Sewell F, Waterson I fenes 1, Trackbedbank MDD, Ragin [ Pre-
clinszal sencenisg bor anlidepresant eswily - shiflang foous
ansay Brom The Feeced Swiim Test o The wie of translalional les-
markeri Rigul Toxsesd Pharmaesl 021125 W0G000.

M. Mallwer R, Bunting K, Wazdarjaneva A Predicting impained
extinglion of Lrmmals memory and devared siemle. FLoS One
I 16e 19560,

3L Wall AA, Frye CA The use of the clevaied plus maks as an asiay
af anviety-selated behavier in rodents. Mot Protes J007;2:321-
E

32, Selneider CA, Riglkand W5, Elicein EW. W1H lmage i Im-
agel: 15 pears of | iiagge anabysn, Mal Methods DH 296715

168

Anam Cell Bial 15

33, Fheag L, Li ], Lia &, Asdewemenl of neuwnndigensralzn amd
neiironl lok in sged SXFATD muice. STAR Protes 1021:-2: 1015

M. Meergand [5, Andirsen |, Pederscn ME, Stalfond GI, Staden 1V,
Bger AK. Alkalind feomn Bonphane distacha wath affnity s
et s tuslinian Lransgertes. 5 Adr | Bot B0%75:371-4.

35, Db 5C, Halscli KA, Ganderao B, Hen B Efects of chnoic
Misseting i afmmal modds of anziety and depeeiisen. Meiieo-
pevchoplar macoligy 2004;29:131-30

35 Mgl T), BaGata GM, Porte AC, Marino-Mets |, Lino-de-
Oliweiea C. Repeated rl-ooed swim Wl rodeacang the samber
ol airials Lo evilete gradual effocts of dntdepee s, | M-
ek Mlethods 2001195 0040-5.

37, Dethe M], Rickeds M Lacks 1 A ctie beluvion i the mal fonced
wwimimang beil differeatially prodeced by senstonergic and
aersdrenengic antidepreiants. Papchopharmesokegy |Berl)
1995;1 215671

M. Page ME, Diethe MJL Dalvi A, Kieby LG Licki I Senslonengic
medistion of the eflans of (lessetine, betl ol desipeasaine,
im the ral feeced wwimsnng taL Pypchophirmscoksgy [Beel)
199% 4 T-162-T.

39, Hasdlley 5L, MeBlane |W. An asscismient of the elevited X-
e fof sledyisg anxicy and angeery-modaliting deugs. |
Pharsmool Toxicol Metbesls 9932511938

#0. Eocher C, Spedding M, Musos C, Jay TH, Acele siredd-
inducead chisges in higpecampaliprelrontal ciecuils in rals: o
fects oo astsdepressanis, Cevel Comex 2004 14-:234-9. Erralum
ine el Cortes. D04:14:352,

41 L T, [aree T, 13 5], Kim ], Helmatener FIL Chronic stnei
selert iwely rolisce hippocimipal velime: @ melc & bagitudin
i Flall oA Diiiging abedy. Meieoreport 31109, k1554
8

42 Malhia G5, Das P, Outheed T, Dhbrici- Spone C, Irwia L, Gesiber
[, Bryam E, Mannie Z. Ellet of sinsis gese by -caviemament
interactions o hippocampal velumes and corlisel secretsen in
sdolescent gisks. Aust N Z ] Papchiatry 20019;53318-15

43 Bowa T, Gligor A, Moica 5. The melationship between cortisol
wnd Che Eappocispal wolesme ta dipressed patients - & MR pi-
Lot vty Proed Techsed 2001830111

. BEahmman MM, Callaghas CK, Kerskens CM, Chatrasji 5,
OMlara 58, Eaely hippocampal velusse loss i g marcker of
cvenlual memory deficils caused by epeanid seess. Sei Rep
HolaS: T

45 Fimserman ME, Exeati A, Kaz M[, Ligton ML, Brickswan
A, Sl ML Lipton RB. Perceiviad dbnss is dillerentally
pelated 1o hippocasigal sublicld velime among eldir edults
Plaf Oine 2008110154530

48, Flam K, Macher |, Hol FR, McEwen BS. Repeated seslraing
sLress dmppresscs newrogencias and induces Baphasie PEA-
MCAM exprestion in the alull rar dentate gyrus. Far | Neueo-
i 200 IT-A79-ER.

45, Miresu O, Gould E Sereis and slull neurogenssis. Happocim-
pus 2006; 16133

& Maselkevi K, Manolek B, Bencueova F, Khinovd | Duek L
BErdndil M. Porisuilal stvess dind hisan hippocaimnpal soline

hitpuz) falong /103 1%kch 27 120



16 Anat Cell Biod

findings feom Iypically develeping yousy adsliz S Rep
DolE A,

4% Maguice EA, Woallal K, Spiers HI. Leadon taxi drivers amd
bus deriversc a strociuesl BRT sed nesropepchologionl analysia
Hippedampes DR 6: 1051 - Ml

S5k Leuner B, Gould E. Structaral pliticaly and hippocamigpal
Penction. Ansa Rev Papchol Tdesl:100-40, C1-3.

51. Kobayaihi K, lkeds ¥, Sakai A, Vasiaki N, Hineds E, M-
vakawa T, Serald H. Reverial of hippecampal aeironal nsbe-
ralzon by sercdoner e anlalipeeisnls. Prec Nal Acal 56 U S
A DA IOF-EA3-5,

51, Olsira K, Miyakawa T. Chress (restmenl wilk fuosctine bor
imiane Db & winsls deveedied nelrogeniiis in e sebvesl néu-
lax 2o of adall soce. Ml Brain DH 140

53 Ohira K, Hagihara H, Miwa M, Makamurs K, Miyakawa T.
Flunzeting-induced desararalion of hippecaspal seusons
sl adult corticsl neurogencsis in e common sarmosel. el
Eraaa M1% 1169

5. Shata T, Kuroiws M, Sologaku N, Eavwahara ¥, Oh V5, Jaag
JH, Skan CH, Cthnaski Y, Homds ¥, Mivakoes T, Eim ¥,
Gerevngard P, Mishi A, Obligatory reléd of dopamine DF redsp-
s in Che denbale gyrus in anlidepredsanl aclions of 4 seec-
Gve serebonin reuplake inhibstor, Nuoetine. Mol Fayckiarey
D025 229 44,

55 Encing |8, Vaabtekari A, Enikadepov G, Flunietine langets
carly progenitor ool in the adult braes. Peos Mol Aced 56 U5
A DMCI03-3233-8.

B, Wang W, David D, Maosekion JE, Batagha F, Hen R Chronic
MNuoseline stinmlales maveralsen dnd syneplic plasticay of
aaliil-Baoe i higppscanipal jprimele cells. | Mesrosc 3006 18-1374-
B

57, Beddrini ML Sanlzago AN, Heén R, Dweek Al, Rossllije GB,
Tamsir H, Asangs %, fshn Maan [ Hippecampal granale
nelson number knd denlie gyrus volame in anidepreidan-
breated and unbrested major depreisan. Meueo paye hophinmia.
cushingy 201338 1063-77.

58, Samueks BA. Anscler T Hu A, Levindtean MR, Pickenhagen &,
Teepinn T, Madreial N, Denaddon ZR, Drew 1L Dranovky
A, Gieess CT, Tanska KF, Hen R 5-HTLA raceplors on saaluee
denlale gyrus granile cells ase eritical for (B antidepresiant
reigeanse. Mal Nearosei 2005;LE: 1606 -16.

58 Turcetle-Candin V, Wahsd. Ansard F, Luckhart ©, Daigle M,
Geddes 80, Tangha EE. Hin R, lane L Merah & Bogee [T
Asert PR. Loss of adull 5-HTLA ssloreceploes pesulls ina
parsdonseal anviogena reaposce I anlalepredianl treslmenl. |
Nemrosci 200515 1334-96

6. Klewapan F, Babu H, D Fictri Tonelli I, Alsrcon E, Fabe K
Eempersmuna G, Opposilions] eflects ol serolonia receplors
5.-HTha, 2, and 2 in the cepalation of sdelt Eappocaspal seu-
rigenesie. Fronl Mol Meunsic D0:3:14.

&l Arseld 54, Higg T. Serolonin LA peceplor agomisl increascs
ipecice- il nggion-sdectiee wlill CNS prolfecanag, bul mol
Eerough CHTF. Moaropharmscology 201 2 a3: L 13E-47

a1, Mendea-Diavad 1, David D], Duwrcet F, W MY, Kendise-Bomier

himpe (¥ o o 100511 % ach. 77 110

169

Mkosiphendule Khuthazelani Xhakara, et al

5, Gasdier AM, Hen E. Rapsd anziolyise effecs of a 5-HT,
receplor agensl are meduial by a peurogenesn-independent
sechanizm. Meurspaychopharmacelogy 2004; 3580364 TE

63 Beowne CA, Hanke |, Rose O, Walsk [, Foley T, Clarke (G,
Schbwegler H. Cryan IF, Yilmazer-Hanke DU Effe<t of sule
wwim ibnsi on plissa corlicoslerane and brain seossamise
Eeviels in bidarectionally selecied DiH eecombinant inkaed
snoaes ibraisn difleriag in feas recall and cxtinenion. Stress
20M:ITATL-33

B4 Habe SF. Macrini Df, Flecio JC, Bersand MM Repealinl lonsd
s resd had addmive eflects n anxiery behavior snd in ca-
Thecilamian: kvels of alall rals ciposad o deRamethrin, Neu-
misliaasl Teratod Dil4-S6c57-61.

&5 Gong 5, Miao YL, ko GF, Sun ML 13 H L |, Luo M|, Tea
TH. Dynanases and corrckalion of seram corlise and corlice-
Reress: under differenl physicdogical or siresslul cond s mn
mice. FLoS One M5; Weed 17503,

Bb. Wakiniki F, Estrela GR, Aralaki AM, Bader M, Abenisa M,
Klesapan F, Arajo BC. Malernad fonced swamming reduces el
probieration in the posiaatal denlate gy v of seouse of [s prisy,
Fron Meunsac: Dilecli40>

a7. Emiluno 5, And Cecilia L, Earen B, Gaallermo H, Mancy R.
Eifiect ol prendtal siress and borced Swimming aoole direds of
adult rar's ikeletal musche snd liver MDA levels. B0V Anat
Pzl 201% A-268-31.

6E Safari A, Eomhkic aheomi M Rezss B, Alghok H, Brand
5 The effedl of swimming on andiety-like behaviors asd oo-
Nicoalerone i slresked afl mailressed ral Inl ] Esviron Res
Pulsis: Hieahil D0 1768735,

60 Mihara M Ida [ Yauki M, Cehis A Kamane H, Takihashi E,
Falisda M. Oriuchi N, Endo K, Matiuds H, Mikuni M. HPA
azis dysluseiss in unmedicaled major depresssre disonder
amd ild sormalisiEoen by pharmecolberapy cornclales wilk
alleration of neurdl aclivilty ma prelronlal certex and limbic!
paralimbic regioss. Paychialey Res 2007 155:145. 56

T Knaer LT, Venbeag M, Gether U, Waaka F, (Gusd C Welteraley
1, Kesging LY. The elfect of cicilalopriam veriis plicess on per-
eeivied sineia and salivary comisal 5 healthy Gral-degres rela-
Rivess oo patients with depressios-a randosnised tral. Poyclaairy
Rez 2002200354601

7L Hernandes ME, Mendicta I Péres Tapia M, Bogalil R, Eatrada-
Garcis L Estrads- Parra 5, Pawim L Eflect of selactive serolonan
meuplake inkadbilon and mamunosesdulsler on oylolie keveli:
an aliernative Merigy for palicnls wit magor deproiree o e
der. Clia D Inbmiiinal 3003 D3 3267ET1.

7L Ruhe HG, Khoenkhoen 51, Onlenbol KW, Eocier MW, bock-
gy R], Schene AH. Longitudinal effects of the 35R]1 paroset e
o saliviery corlisal in Mager Depreisive Disoeder. Foycloneu-
mocndsscrinlegy DHES1:I6)-71.

T4 lader W, Prackent TC, Mubder BT, Daasald RA, Jovee PR Ke-
duction in basal alernoon plisma ACTH during carly Dreal-
sl of depresiasen wilh (iomeren:. Py hogls reumcodogy [Bel)
2001156733,

Fb. Paile-Hyvirinca M, Wiklok K. Enkson PG, Crmlity of Lz



Boophane disticha atienmates 54-BFS sires

amd setalbolic salus s miklly depretied women with Type 2
disbeled reated wilk parogelise: o siaghe-Bind rasdomied
placcha conleolbad trial. BMC Fam Peact 200347

73, Hasnkedsmni K, Morils 5, BolgmBand [, Mohiz C, Winlemean
E, Kellser M, Otte . Chissgges i cort sl secnstion Jderig an-
lidepeciire Chsalmenl did cognilive lsapoov el in palenls
il o depreidion o beagitudinad sisdy. Pavchoneunsesds-
wrinology THEITER550.

7. Apdemis O, Deveca A, Tasneli F- The elfect of choomic anlide-
jrissasl sl on serum Brals-derivial neunstnephic fictes
Jevels in depriised paientc o prohminasy sudy. Prog Desns-
pEpchopharmacd Biol Poyclaairy 31539 261-5.

77 Caspréa E, Rastamaki T. The sole of BDMF and @is recoplors
in depression and aniepassent drug acliomn: readEvation of
developaenlal plasticily. Dev Meunshiol DHENRIEE-97

78, Magahira AH, Temzyaids MH. Poleatial (Berapeulic mies of
BINMF in ssoarological and pavclanric dnonders, Mar Rev Dirag.
Dscow D 1; b0e20E- 159

™. Guillous [P, Douilland-CGealleay G, Kota B, Wang X, Garedier
AN, Martisvwich K, Teeng (30, Lewis DA, Saille E. Molcalar
evidence for BDNF- and GABA-realod dyslunclions in e
amyidals of besmle subgcts with s depression. Mol Pay-
whiapry 01317013042

#0. Teipp A, Ok H, Guillous JP, Martinowich K, Lewis DA, Shille
E. Brian-derreed neuroleopkee Dctor sigaaling dad sulbgemmal
anterme cingulale cores dyslunction ma majsr Sepreisive do-
arder. Am | Papchiabry 20013 heS:LiS4-200.

8L Wa LM, Ha MH, Tong XH, Han H, Shen B ha BT, Wang W,
Ala GX, He GF, Lin Y5 (hreaic anprodicialle sires de-
arcases % prisision of brain-derived neurolrophic Booe [EDNEF)

Anat Cell Bicl 17

i ke ova ek relilioeship o cocy e developesental polen-
tzal FloS One 2012752350

fl. Fhilllsps C. Braan-déxived neurstrophic Benoe, depresisen, and
phyviicsl s iviry: oalieg Che neuropliolic oonneclion. Meiral
Placit 1 7, N5 7260130

8% Mosteggia LM, Leskart B, Bareot b, Theobssld 1, Mallovals L
Mel 5, Parads LF, Neiker E]. Broan-derivid neueotrephic Do
comaditzens Deoshouts slew gender dillerences i depreidion-
relaed behuviors. Binl Payclaa ry D0 76118797,

Ed. Lisalbolm 5, Castrdn E. Mice with altenad BONF ek i
el for meosw] dissrders smd astidepressant efects. Front
Echay Meirosei 2004:3: ML

85 Dby M, Mormsshu 5 Dumen BS. Regubstion of BOMF and
hE mENA in el Braan by chronic decinxonvabive seiiuse
donnd anbelepreisant drug Ircabsenls. | Meurias 19515 7539.
L 18

B8, Mibuya M, Neatler E], Dumian RS. Chronic aslsSepredsant
adminislealan increases The expressson of CAMP nepons: de-
menl landing peotein (CREH] in s hippocampus. | Meanec
1956 A2 JS5-F2.

EF. Mayva Vetenoourl JF, Sabe A Wiegi A Baroncdl L, De Pasquale
B, OF Lewry OF, Camrén E, Malla L. The satidepredsant fluos-
eline reslores plasticily an the edall visusl corlen. Scicnde
2oda bk 1850

8. Cameén E. Deuroirophing and peychisiric dnorders. Hasdh
Exp Pharmacol 2004; 220086179,

&9, Cadlrén E, Kogma M. Brain-derived neanstrophic lactor in
ivinn] disgrders and entideproisint Ieeal menls. Neurohesl Dis
01T AP BELER-T6.



