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INTRODUCTION

INTRODUCTION

Stress is a nonspecific and adaptive response caused by physical, psychological
and social environmental factors. Many clinical disorders can either be induced, or
aggravated by stress. The extreme levels of stress cause major damage to health. The
epidemiological status of stress disorder demonstrated higher degree of prevalence in
high income countries and socio-demographic correlates [1, 2]. Recent epidemiological
studies from around the world have included low and middle income countries providing
novel evidence on the distribution of trauma and posttraumatic stress disorder (PTSD) [3,
4]. Although stress is a necessary mechanism for survival, severe and/or long term stress
disrupts normal brain structure and function. It has been reported that stress can cause
depression and cognitive impairment possibly by elevating excitatory amino acid,
glucocorticoid and oxidative damage, which in turn induce excitotoxicity and
hippocampal atrophy [5,6].

Pathophysiology of stress

The neuroendocrine and emotional component of the stress reaction involves
activation of limbic and hypothalamic brain structures. The body’s principal
physiological responses to stressful stimuli are mediated by the sympathoadrenal system
and the hypothalamic pituitary adrenocortical (HPA) axis, which are in turn, mediated by
the hippocampus [7]. Stress stimulates the release of corticotrophin releasing factor
(CRF), from the hypothalamic paraventricular nucleus (PVN), into the hypophysialportal

circulation, where it induces the release of adrenocorticotropin hormone (ACTH) from
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INTRODUCTION

the anterior pituitary and glucocorticoids (cortisol in humans; corticosterone in rodents)
from the adrenal glands [8].

The magnitude of the HPA axis stress response elicited by PVN neurons is limited
by neuronal and hormonal mechanisms, which work together to maintain glucocorticoid
levels within tolerable limits [9]. Three feedback loops prevent overshooting of the HPA
axis: (a) the negative feedback of glucocorticoids to the anterior pituitary, hypothalamus,
and hippocampus, (b) the ACTH feedback to the hypothalamus, and (c) the direct
feedback of CRF to the hypothalamus. While oxytocin may also have a role in the
mediation of the stress response [10].

Stress induced Depression

According to a report from World Health Organization (WHO), approximately
300 million people all over the world suffer from depression. This could be predicted to
rise by 15% by the year 2020 [11]. The forthcoming scenario shows, depression will be
the second most extensive disease around the world, which is aggravated by
psychological, physiological, or environmental stress that disturbs the quality of life [2,
3]. Depression is not a homogeneous disorder, but a complex phenomenon, which has
many subtypes and probably more than one etiology. It can occur at any age from
childhood to late life and is a tremendous cost to society as this disorder causes severe
distress and disruption of life and, if left untreated, can be fatal. The psychopathological
state involves chain of symptoms with low or depressed mood, anhedonia, and low

energy or fatigue. Other symptoms, such as sleep and psychomotor disturbances, feelings
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INTRODUCTION

of guilt, low self esteem, suicidal tendencies as well as autonomic and gastrointestinal
disturbances are also often present [12].

Several lines of evidence indicated an important relationship between depression
and cardiovascular system (CVS) disorders, together with increased mortality rates. Some
studies have demonstrated that depression increases the risk of developing cardiac
disease, in particular coronary artery disease, and worsens the prognosis after myocardial
infarction. Depression also appears to increase the risk for cardiac mortality
independently; moreover, the excess mortality risk for major depression was more than
twice that for minor depression [13]. Another very important aspect of depression is the
high rate of co-morbidity with other psychiatric disturbances. Anxiety, especially panic
disorder is often associated with affective disorders, while the magnitude of the
association with alcohol or drug abuse is less manifest. Interestingly, the onset of anxiety

generally precedes that of depression [14, 15].
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Figure 1: Monoaminergic pathway
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Major hypothesis of depression was formulated and proposed that the main
symptoms of depression are due to a functional deficiency of the brain monoaminergic
transmitter’s norepinephrine (NE), 5-Hydroxytryptamine (5-HT), and dopamine (DA) at

critical synapses in the brain [16]. Most of the serotonergic, noradrenergic and
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dopaminergic neurons are located in midbrain and brainstem nuclei and project to large
areas of the entire brain. This anatomy suggests that monoaminergic systems are involved
in the regulation of a broad range of brain functions, including mood, attention, reward
processing, sleep, appetite and cognition [17]. Inhibiting the enzyme monoamine oxidase,
which induces an increased availability of monoamines in presynaptic neurons, also has
antidepressant effects. These observations led to the pharmacologically most relevant
theory of depression, referred to as the monoamine deficiency hypothesis.

Serotonin is the most extensively studied neurotransmitter in depression. The
most direct evidence for an abnormally reduced function of central serotonergic system,
such reduction leads to the development of depressive symptoms in subjects at increased
risk of depression, possibly mediated by increased brain metabolism in the ventromedial
prefrontal cortex and subcortical brain regions [18]. There was also evidence for
abnormalities of serotonin receptors in depression, with the most solid evidence pointing
to the serotonin-1A receptor, which regulates serotonin function.

Dysfunction of the central noradrenergic system has been hypothesized to play a
role in the pathophysiology of major depressive disorder (MDD), based on decreased
norepinephrine metabolism, increased activity of tyrosine hydroxylase and decreased
density of norepinephrine transporter in the locus coeruleus in depressed patients. In
addition, decreased neuronal counts in the locus coeruleus, increased alpha-2 adrenergic
receptor density, and decreased alpha-1 adrenergic receptor density have been found in

the brains of depressed patients. [19]
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INTRODUCTION

Classical theories of the neurobiology of depression mainly focused on serotonin
and norepinephrine, there is increasing interest in the role of dopamine [20]. In the
cerebrospinal fluid and plasma levels of dopamine metabolites were consistently reduced
in depression, suggesting decreased dopamine turnover [21]. Striatal dopamine
transporter binding and dopamine uptake were reduced in MDD, consistent with a
reduction in dopamine neurotransmission [22]. Degeneration of dopamine projections to
the striatum in Parkinson’s disease was associated with a major depressive syndrome
[23]. Experimentally reduced dopaminergic transmission into the accumbens has been
associated with anhedonic symptoms and performance deficits on a reward processing
task in subjects at increased risk of depression [24].

Glutamate, the major excitatory neurotransmitter in the mammalian brain, is in a
balance with gamma-aminobutyric acid (GABA), which is the main inhibitory amino acid
neurotransmitter in the brain [25]. It can be suggested that dysregulation of Glu/GABA is
involved in the pathogenesis of depression and anxiety [26]. An increased level of Glu
was found in the brains and cerebrospinal fluid (CSF) of depressed patients as well as in
their serum and plasma [27, 28]. Glial cells, especially astrocytes play a crucial role in
the maintenance of Glu/GABA balance [29]. These cells are a critical structural and
functional part of the tripartite synapses, in which they play a direct and interactive role
with neurons in synaptic transmission [30]. A number of evidences have shown that the
dysfunction of astrocytes may be involved in the pathogenesis of depression and anxiety.
Postmortem studies performed on brains of depressed patients demonstrated that a

decrease in the density of glial cells in cortical regions, especially in the prefrontal and
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cingular areas [31] and in the hippocampus. These decreases were associated with a
reduced level of astrocytic markers, such as Glial Fibrillary Acidic Protein (GFAP) and
glutamine synthetase. It is interesting that a reduction in the number of astrocytes in the
prefrontal cortex (PFC) was also found in rats exposed to chronic unpredictable stress
induced depressive condition [32].

Figure 2: Glutamate and GABA transmission mechanism
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There is consistent evidence that the volume loss of the hippocampus and other
brain regions is related to the duration of depression [33] suggesting that untreated
depression leads to hippocampal volume loss, possibly resulting in increased stress
sensitivity [34] and increased risk of recurrence [35]. Glucocorticoid neurotoxicity,
glutamatergic toxicity, decreased neurotrophic factors, and decreased neurogenesis have
been proposed as possible mechanisms explaining brain volume loss in depression.

Stress induced memory impairment

The impact of chronic stress on cognitive performance is depends on varies
factors such as biological, chronobiological factors and others [36]. Chronic social stress
has been proposed to be a major cause for cognitive deficits often associated with
depression. In many cases, in addition to emotion related symptoms, depressed patients
also suffer from cognitive problems including memory loss, attentional deficit, executive
dysfunction and poor decision making [37]. Stress induced clinical conditions causes
sleeplessness and suicidal tendencies, decreased food intake and body weight loss [38],
and more importantly suffer from cognitive functional impairments, such as delayed
thinking correlation, reduced computational capability, learning and memory impairment,
and reduction in attention, comprehension and judgment [39]. Learning and memory
impairment is one of the important residual symptoms, which has a strong impact on
function of patient’s life. On the other hand, it is becoming increasingly clear that the
disturbance of cognitive processes, especially the impairment of learning and memory,
plays an important role in the development and complete recurrence of depression [40,

41].

DEPT OF PHARMACOLOGY, PSG COLLEGE OF PHARMACY. 8



INTRODUCTION

Stress exposure is associated with an activation of HPA axis. Repeated stress
exposure is known to lead to cause an excessive HPA axis activation, resulting in an
overproduction of glucocorticoids (GCs) [42]. As a consequence, neurochemical and
neuroanatomical alterations in several brain regions, including the hippocampus,
prefrontal cortex, amygdala, dorsal striatum and brain stem [43]. As result of GCs
overproduction, neuronal atrophy as well as decreased neurogenesis have been observed
in the dentate gyrus of the hippocampal formation that impairs memory processing
[44.,45].

There was evidence that the majority of stress induced complications result from
overproduction of reactive oxygen species (ROS), including superoxide anion (O ),
which induce oxidative stress and reduce antioxidant capacity. Free radicals trigger
biologic mechanisms that cause memory impairment in animal models [46]. Also,
evidence has shown that inhibition of hippocampal oxidative stress can exert learning and
memory impairment in animal models [47]. The reduction of brain oxidative stress has
been shown to induce significant improvements in the recognition memory indexes in
models [48, 49].

Several studies have demonstrated the detrimental effects of chronic stress on cognitive
function, and many studies have found that a higher vulnerability to chronic stress is
related to brain aging [50-52]. However, the neurological mechanisms underlying this
effect are not well known. The term synaptic plasticity is used to describe several types of
activity-dependent alterations in synaptic strength. Synaptic plasticity has long been

recognized as the neurobiological basis of cognition. Moreover, the structural and
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functional changes of hippocampal synapses lead to cognitive alterations [53]. The
hippocampus, which is one of the most important brain regions that are associated with
cognition, is also known as the cerebral region that is largely vulnerable to internal and
external alterations, including those related to aging, stress, and neurodegenerative
diseases [54].

Many experiments have established that chronic stress is a risk factor for the
development of cognitive deficits, especially for Alzheimer’s disease (AD). Chronic
stress not only impaired the early long term potentiation (LTP) in AD model, but it also
decreased hippocampal synaptic plasticity and increased amyloid-f plaque deposition
[55-57].

Parathyroid hormone 2 receptor (PTH2R) and Tuberoinfundibular peptide
39(TIP39)

The parathyroid hormone 2 receptor (PTH2R) was identified based on its
sequence homology to other polypeptide receptors [58]. It is a seven transmembrane
domain receptor, which belongs to Type II (or family B) class of G protein-coupled
receptors [59, 60]. It has about 50% amino acid sequence similarity with the parathyroid
hormone 1 receptor (PTHIR). PTH2R distribution has been identified in the central
nervous system and in a number of peripheral organs [60]. PTH2 receptor expressing
cells are widely distributed in the subcortical areas and dense PTH2 receptor expression
was found in limbic structures, the hypothalamus, certain areas of the thalamus,
brainstem and even in the spinal cord [61]. Generally, hypothalamus is particularly rich in

neuropeptides and their receptors. Based on its distribution in the brain it may play a role
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in regulation of neuroendocrine, emotion, auditory, and pain related processes. Its
peripheral distribution suggests involvement in endocrine, cardiovascular and
reproductive function [62]. Parathyroid hormone potently activates the human PTH2R in
vitro stating that PTH2R is abundantly expressed and widely distributed in rat brain,
whereas parathyroid hormone has been reported at very low levels in the brain [63]. In
addition, parathyroid hormone binds the rat PTH2R with low affinity act as a partial
agonist for PTH2 receptor [64].

Tuberoinfundibular peptide of 39 (TIP39) peptide is a potent neuroendocrine
agonist to PTH2R in brain and peripheral region. TIP39 is synthesized by two groups of
neurons, one in the subparafascicular area at the caudal end of the thalamus and the other
in the medial paralemniscal nucleus within the lateral brainstem. TIP39 neurons are
restricted to two brain regions the subparafascicular posterior intralaminar thalamic area,
which extends caudolaterally from the periventricular gray of the thalamus to the medial
geniculate body, and the medial paralemniscal nucleus at the midbrain-pons junction
[65]. In contrast to the restricted distribution of TIP39 cell bodies, amplification
immunocytochemistry demonstrated a wide spread distribution of TIP39 fibres in limbic,
endocrine, and auditory brain regions [63]. It was purified from bovine hypothalamus on
the basis of its stimulation of cAMP formation in a PTH2R expressing cell line. Mouse,
rat and human TIP39 were subsequently cloned. TIP39 is a potent agonist and binds to
both the rat and the human PTH2Rs with high affinity but it has low affinity and minor

agonist at the PTHIR [66-69].
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TIP39 containing cell bodies are present only in the posterior intralaminar
complex of the thalamus and the medial paralemniscal nucleus of the lateral pons. TIP39
fibers originating in these nuclei reach a number of endocrine, limbic and auditory
regions in the brain [70]. TIP39 distribution has been identified, both in the central
nervous system and in a number of peripheral organs [71-73]. Based on its distribution in
the brain it may play a role in regulation of neuroendocrine, emotion, auditory, and pain
related processes. Its peripheral distribution suggests involvement in endocrine,
cardiovascular and reproductive function [74]

TIP39 peptide is acting through PTH2R that potentially regulates HPA axis
system. TIP39 induced the fos gene expression in the infralimbic cortex, preoptic area,
lateral hypothalamus, lateral septum, and paraventricular thalamic nucleus; areas believed
to be imperative in anxiety and depression [75]. Mice lacking TIP39 or PTH2R
signalling significantly displayed increased anxiety, depression, also exhibited fear
memory after exposure to an aversive event [76]. Moreover, following TIP39
administration, long term consequence of traumatic event was reduced by controlling
amygdale in cerebral region which is known to involve in fear conditioning. In addition
to that, TIP39 peptide showed guarding response in the neuropathic and inflammatory
pain response by regulating through the inhibition of release of hypoalgesic amount of
norepinephrine [77, 78].

Despite the last 60 years of rigorous research in this line, no concrete therapies are
available in current practice for the stress induced anxiety, depression and cognitive

impairment. Hence, we hypothesize that TIP39 may link the neurological and
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endocrinological pathway in stress induced anxiety, depression and cognitive deficit.
With the hold of optimistic regulation of TIP39, this study intends to evaluate the

neurotransmitter role in the regulation of oxidative changes, proinflammatory cytokines

and gene expressions in stressed rats.
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Aim
» To study the behavioural and neurochemical role of PTH2 receptor agonist TIP39
peptide on depression, anxiety and memory impairment model in rats
Objectives
» To study the physiological role of TIP39 peptide in relation with behavioural,
neurochemical and morphological changes in rats
» To study the role of TIP39 peptide on acute restraint stress induced depression
and anxiety in rats by using PTH2 receptor antagonist
» To study the role TIP39 peptide on chronic unpredictable mild stress induced
depression and anxiety in rats
» To study the role TIP39 peptide on chronic unpredictable mild stress induced

learning and memory impairments in rat model
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Literature Review

Stress and Hypothalamic Pituitary Adrenal (HPA) axis

Stress causes major damage to the neuroendocrine and emotional component that
regulates stress reaction involves activation of limbic and hypothalamic structures. Chronic
uncontrolled stress increases the allostatic load of an organism and impairs homeostasis that
causes abnormal activity of the systems in the body [79]. Chronic stress may suppress the
immune system and increases the production of proinflammatory cytokine IL-6. In animals,
the chronic psychosocial stress may induce neuroinflammation and apoptosis and reduced
neurogenesis. Also, it has an influence on neuroendocrine responses in men [80].

The HPA axis serves as a neuroendocrine stress response system get stimulated by
the response to varies stressor; resulted in the release of glucocorticoids from the adrenal
cortex that would minimize the long-term activation of HPA axis through a negative
feedback pathway [81]. At the central level, HPA axis is regulated by the paraventricular
nucleus (PVN) that produce corticotrophin-releasing factor (CRF), arginine vasopressin
(AVP) peptides and oxytocin. CRF and AVP intern release adrenocorticotrophic hormone
(ACTH) from the anterior pituitary, while oxytocin may have a role in the mediation of the
stress response [82]. The HPA axis responds to stress by secreting the corticotrophin-
releasing hormone (CRH) from the hypothalamus which then instigates the secretion of
adrenocorticotropic hormone (ACTH) from the pituitary into the bloodstream, which in turn
causes the synthesis and release of cortisol from the adrenal cortex [83]. Chronic stress can,
therefore, lead to elevated levels of cortisol, which also contributes to an elevated risk of

stress-related disorders [84]. Cui Y et al., (2017) described several pathways between
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elevated cortisol and alteration of prefrontal cortex function, amygdala and hypothalamus
hyperactivity and reductions in volume and function of the hippocampus [85].

In addition, CRF plays a neurotransmitter or neuromodulatory role through neurons
and receptors distributed in diverse brain regions. CRF neurons, localized in the
hypothalamic periventricular nucleus, are a major mediator of stress-induced activation of
the HPA axis, whereas pathways innervating limbic and cortical areas are thought to
mediate the behavioral effects of CRF [86].

Stress-induced depression

Many clinical reports suggest that prolonged exposure to stressful episodes, as a
common risk factor could provoke the development of major depression. Depression is a
mental disorder characterized by a pervasive low mood and loss of pleasure or interest in
usual activities [87] and is the most common psychiatric illness that involves the disturbance
of mood, with 10 to 20% lifetime prevalence [88]. The major depressive disorder affecting
more than 120 million people worldwide. The patients also demonstrate sleeplessness and
suicidal tendencies, decreased food intake and body weight [89] and more importantly
always suffer from obvious cognitive function impairments, such as delayed thinking
correlation, reduced computational capability, learning and memory impairment, and
reduction in attention, comprehension, and judgment [90]. External stress factors such as
stressful life events and internal stress factors such as chronic inflammation may induce
inflammatory, oxidative, and nitrosative stress pathways to precipitate depression in

susceptible individuals
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Monoaminergic theories of Depression

Most of the monoaminergic neurons are located in midbrain and brainstem nuclei and
project to large areas of the brain. This anatomy suggests that monoaminergic systems are
involved in the regulation of depression. The monoamine deficiency theory hypothesize that
the underlying pathophysiological basis of depression is a depletion of the neurotransmitters
serotonin, norepinephrine or dopamine in the central nervous system [91]

Serotonin is the most extensively studied neurotransmitter in depression. The most
direct evidence for an abnormally reduced function of the central serotonergic system comes
from studies using tryptophan depletion, which reduces central serotonin synthesis. Such a
reduction leads to the development of depressive symptoms in subjects at increased risk of
depression [92], possibly mediated by increased brain metabolism in the ventromedial
prefrontal cortex and subcortical brain regions. Evidence for abnormalities of serotonin
receptors in depression, with the most solid evidence pointing to the serotonin-1A receptor,
which regulates serotonin function. Decreased availability of this receptor has been found in
multiple brain areas of patients with MDD [43]. There is preliminary evidence that an
increased availability of the brain monoamine oxidase, which metabolizes serotonin may
cause serotonin deficiency [93, 94].

Dysfunction of the central noradrenergic system has been hypothesized to play a role
in the pathophysiology of MDD, based upon evidence of decreased norepinephrine
metabolism, increased activity of tyrosine hydroxylase, and decreased the density of
norepinephrine transporter in the locus coeruleus in depressed patients. In addition,

decreased neuronal counts in the locus coeruleus, increased alpha-2 adrenergic receptor
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density, and decreased alpha-1 adrenergic receptor density have been found in the brains of
depressed patients [95].
Mesocortical and mesolimbic dopaminergic systems are known to mediate HPA axis
induced glucocorticoid release and other CNS effects. The interplay between corticosterone
and the dopaminergic system is linked with various neurological disorders. The number of
reports suggested the involvement of glucocorticoids on dopamine-mediated behavioral
responsiveness by modulatory effects of corticosterone. Expression of tyrosine hydroxylase
(TH); a rate-limiting enzyme of DA biosynthesis is associated with the levels of
glucocorticoid [96].
Glutaminergic and GABAergic theory of depression

Glutamate is the major excitatory neurotransmitter is in balance with GABA, which
is the main inhibitory neurotransmitter in the brain. It can be suggested that dysregulation of
Glu/GABA is involved in the pathogenesis of depression [97]. Astrocytes are a type of g lial
cells play a crucial role in the maintenance of Glu/GABA balance. These cells are involved
in the direct and interactive role with neurons in synaptic transmission [98]. Studies have
shown that the dysfunction of astrocytes may be involved in the pathogenesis of depression
and found that there was a decrease in the density of glial cells in cortical regions, especially
in the prefrontal and cingular areas and in the hippocampus [99]. These decreases were
associated with a reduced level of astrocytic markers, such as glial fibrillary acidic protein
and glutamine synthetase. An increased level of Glu was found in the brain and
cerebrospinal fluid (CSF) as well as in serum and plasma of depressed patients. [100].
GABA and glutamate are tightly linked intermediary products of energetic metabolism,

because they are involved in the same metabolic pathway, the glutamate/GABA-glutamine
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cycle [101]. In neurons, glutamate is produced from the tricarboxylic acid (TCA) cycle and
from the glutamine released by astrocytes, whereas GABA originates exclusively from
glutamate from two glutamate decarboxylases (GAD), GAD-65 and GAD-67 [102].
Cytosolic GABA is catabolized into glutamate by GABA transaminase (GABA-T). Parts of
the glutamate and GABA cell pools are released by neurons as neurotransmitters,
representing respectively the major excitatory and inhibitory neurotransmitters. Both
compounds are taken up by the astrocytes and catabolized through the TCA cycle. The
GABA/glutamate tissue ratio may, therefore, reflect the dynamic equilibrium between
GABA and glutamate in the context of cell metabolism. This balance is physiologically
important since variations in GABA content via enzyme inhibitions are followed by changes
in synaptic function [103]. GABA neurotransmission has been suggested to intervene in
mood disorders, especially depression. Changes in GABA-glutamate balance may also be
involved in these particular disorders. Depressed patients exhibit increased glutamate and
decreased GABA cortical content, later that might differ according to depression subtypes
[104].

In humans, exposure to a mild stressor such as the threat of shock decreases cortical
GABA content. In accordance with this, peritraumatic plasma GABA levels are reduced in
subjects with acute stress disorder and post-traumatic stress disorder, when compared to
healthy volunteers. Alterations in the cortical GABA-glutamate equilibrium may be also
present in post-traumatic stress disorder patients as they present a decrease in GABAergic
functioning and an increase in glutamatergic- driven functions [105]. In rats, frontal cortex
GABA content remains unchanged after acute stress but decreases after repeated exposure to

stress. In mice, chronic mild stress triggers depressive symptoms, while repeated social
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defeat leads to anxiety-like symptoms, both reactions being associated to a reduction in
prefrontal cortex GABA content and GABA/glutamate ratio, but not in the hippocampus
[106]. This suggests that specific brain area stress induced GABA-glutamate equilibrium
disturbances. However, rats exposed to a single intense prolonged stress and investigated
seven days later exhibit a decrease in glutamate and glutamine content in the medial
prefrontal cortex without any change in GABA content. Altogether, intense and/or repeated
stress exposures are associated with changes in frontal cortex GABA-glutamate equilibrium
[107].
Neurotrophic Hypothesis of Depression

There is a consistent evidence that the volume loss of the hippocampus and other brain
regions is related to the duration of depression, suggesting that untreated depression leads to
hippocampal volume loss, possibly resulting in increased stress sensitivity and increased risk
of recurrence [108]. Glucocorticoid neurotoxicity, glutamatergic toxicity, decreased
neurotrophic factors, and decreased neurogenesis have been proposed as possible
mechanisms explaining brain volume loss in depression. There is no solid evidence on any
of these mechanisms since there are no imaging tools to directly examine neurotoxic and
neurotrophic processes, in vivo [109]. Brain-derived neurotrophic factor (BDNF) has
attracted considerable interest. Specifically, preclinical studies have shown correlations
between stress-induced depressive-like behaviors and decreases in hippocampal BDNF
levels, as well as enhanced expression of BDNF following antidepressant treatment [110].

In addition to this, approximately 30% of patients with depression fail to respond to

currently available therapies, which mainly influence monoaminergic systems [111]. The

difficulties in finding efficient antidepressant treatment due to heterogeneous nature and
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associated with different molecular, environmental, and genetic factors. Hence, depression
requires long-term treatment [112]. In recent years, studies on depression have shifted from
monoamines towards other mechanisms, including glutamatergic neurotransmission.
Stress-induced memory impairment

The mood disorders of depression are often accompanied by cognitive symptoms,
such as deficits in learning and memory, difficulty in decisions making, and loss of
cognitive flexibility. The increasing evidence indicates that these cognitive deficiencies may
be an early episode in depression [113, 114]. Amygdala and CA regions of the hippocampus
have been long associated with stress, emotion, learning and memory processes. It is well
known that stress induces a rapid rise in corticosterone. Chronically elevated corticosterone
impairs memory, reduces neuronal spine density, and decreases hippocampal neurogenesis
and volume [115].

The impact of chronic stress on cognitive performance is thought to depend on
biological (such as sex) and chronobiological (age) factors. It was reported that the
implementation of predictable stressors enhances animals cognitive performance
[116].Adding further complexity to this issue, a recent study revealed that the period of the
day (diurnal/nocturnal) in which the stress protocol is implemented also modulates cognitive
performance [117].

Clinical and preclinical studies have shown that prolonged exposure to stressful
conditions impairs structural and functional plasticity of the hippocampal formation related
to stress-driven cognitive and mood deficits [118, 119]. A key finding of this animal study is
that tau is essential for chronic stress to induce dendritic atrophy and interrupt neuronal

connectivity in the hippocampus.

DEPT OF PHARMACOLOGY, PSG COLLEGE OF PHARMACY. 21



Chapter 3: Literature Review

Chronic unpredictable mild stress model

Chronic unpredictable mild stress (CUMS) procedure was performed in animals are
consecutively exposed to a series of unpredictable mild stressors such as food deprivation,
water deprivation, continuous illumination, tilted cages, and soiled cages in a random
unpredictable manner to simulate a series of life stress events [120]. Indeed, a large number
of etiological symptoms and neurobiological abnormalities found in CUMS induced animals
are similar to those exhibited in human depressed patients. After 2 weeks of CUMS, the
animals developed the variety of symptoms similar to depressive symptoms in human beings
such as weight loss, altered diurnal rhythms, sleep disturbances, and anhedonia. Thus,
CUMS induced depressive animal model has good validity and reliable predictability to
screen new antidepressants through a series of behavioral tests [121].

Porsolt et al.,, (1978) suggested the forced swim test (FST) to evaluate the
depressive-like state in animals as a tool to study clinical efficacy of potential antidepressant
drugs. Because FST is designed based on a capability of rodents, to exhibit resistance to the
repeated action of a strong stressor. In the classical model of FST, a 15 minutes pretest is a
stressor suggested to induce a state of behavioral despair [122] which becomes more
expressed in the five minutes retest session on the next day. In the initial version of the FST,
the time spent in an immobile posture and the latency to the first immobility episode was
recorded as an index of depression. The modified version of the FST included swimming,
climbing, diving in order to facilitate the differentiation between serotonergic and

noradrenergic role in depression [123]
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Figure 3: Stress pathway
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According to American Psychiatric Association (APA- 2013), Anhedonia is a core
feature of major depressive disorder and a key diagnostic criterion. It is another popular
approach to assess depressive-like state in laboratory animals [124]. Anhedonia has been
considered as a "loss of pleasure”, that emphasizes different facets of hedonic function,
including desire, effort/motivation, anticipation, and consummatory pleasure. In animal
studies, anhedonia was estimated in various models of depression, including chronic
unpredictable mild stress (CUMS), social defeat, and others. In animals, anhedonia may be
assessed using "primary" reward such as the presentation of palatable food or drink or strong
positive reinforcing stimuli such as drug injection or presentation of pups in a specific place.
The CUMS model resulting in the development of depressive-like behavior was initially

validated as an Anhedonia inducing model [125].
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A major limitation of the rodent social defeat due to lack of knowledge of sex
differences in responses to this stressor given the vast majority of studies are undertaken in
male rats because females exhibit a reduced level of aggression [126]. Yet women have a
two-fold lifetime greater risk of developing major depression compared to men. Thus, the
omission of social defeat studies in female rats is a scientific gap. [127]

Chronic stress and antioxidant system
Stressful conditions can precipitate cognitive impairment along with anxiety and
depression, which can lead to excessive production of free radicals, resulted in oxidative
stress, an imbalance in the oxidant/antioxidant system [128]. Antioxidants protect biological
systems from deleterious effects of ROS by free radicals scavenging activity. It can mitigate
ROS effect by blocking the enzyme generating free radicals and provoking the expression of
antioxidant enzymes. Antioxidants include carotenoids, anthocyanidins, catalase, glutathione
peroxidase ferritin, superoxide dismutase, ceruloplasmin, catechins, vitamin C, tocopherols
vitamin E, glutathione, and flavonoids etc. Synthetic antioxidants like butylated hydroxyl
toluene (BHT) and butylated hydroxyl anisole (BHA) cause toxicity to living systems [129].
During the restraint stress process, the production and scavenging of ROS are unbalanced;
the excessive free radicals react with proteins, lipids and nucleic acids in the cells. In
addition, oxygen free radicals attack the unsaturated fatty acids of the biofilm, resulting in
lipid peroxidation and destroying the integrity of the cell membrane structure [20].
Mitochondria are the main sites where ROS (including O, , OH—, and H,0,) are
produced and for cell energy conversion. When dysfunction occurs in the body, hydrogen
ions flow out of the respiratory chain, forming a negative transmembrane potential inside

relative to outside membrane. During this process, electron leakage will occur, causing the
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reduction of O, to O, free radical and the conversion of partial O, free radical to H,O,,
which further converts to OH—, in turn giving rise to the excessive production of
mitochondrial ROS and the occurrence of a series of injuries [31].

An antioxidant study in different tissues of CUMS rats revealed decreased SOD, CAT
levels and increased TBARS levels denoting that administration of different stressors
triggered free radicals generation. Further, the adrenal ascorbic acid level was elevated in
stressed rats which clearly denoted that CUMS rats were under oxidative stress and the
biological system exhibits an adaptive mechanism [130]. In stressed condition, similar
metabolic alterations were reported resulting in the imbalance of energy utilization and
consequently in the generation of superoxide anion, hydrogen peroxide and hydroxyl radical
ions as the major reactive oxygen species (ROS) in the bio-system which provoked cell lipid
membrane peroxidation. Lipid peroxide products reportedly caused widespread cellular
injury [131]. Endogenous antioxidants such as SOD, which dismutases the highly reactive
superoxide anion to the less reactive species H;O,, CAT, a home containing enzyme, which
scavenges hydrogen peroxide to water and molecular oxygen and ascorbic acid, which is a
water-soluble antioxidant that protects the biological system from oxidative stress [132].
Generation of reactive oxygen species (ROS) are by-products of stress stimuli (biotic and
abiotic) and intrinsic oxygen metabolism that inactivates enzymes and damages vital cellular
substances and membranes, as a result causing cancers, aging, chronic inflammation and
play a vital role in HIV infection and diabetes etc. [133]. ROS also modulate the principal
neurotransmitters involved in the neurobiology of depression, also known to aggravate

inflammation and associated pain caused by tissue injury [134].
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Proinflammatory cytokines

An increasing body of evidence revealed that activation of the inflammatory
response system plays a role in the pathophysiology of depression. Several studies reported
increased levels of proinflammatory cytokines, for example, tumor necrosis factor-alpha
(TNF-a) and interleukin-6 (IL-6) in depressive disorders [135,136]. Similarly, increased
mean plasma levels of proinflammatory cytokines such as the tumor necrosis factor alpha
(TNF-a), interleukin-1 (IL-1) and interleukin-6 (IL 6) have been reported in patients with
clinical depression. In non-human animal models [137], administration of high doses of
interferon-oa. has been reported to induce depressive-like symptoms, which could be
attenuated with repeated antidepressant therapy. These pieces of evidence clearly indicate a
crosstalk between chronic inflammation and depression. Recent studies have reported a
strong association between inflammation and deficits in learning and memory in animal
models for neurodegenerative diseases including Parkinson’s disease, Alzheimer’s disease
(AD) and amyotrophic lateral sclerosis. Another study found that anti-inflammatory agent;
XPJY has the better effect on improving learning and memory ability in depressive rats than
sertraline, which might be related to a reduction of inflammatory factors such as IL-1f3, IL-6,
and TNF-q, in serum and hippocampus. [138].
ATP and inflammation

Over the past decades, evidence has accumulated indicating that extracellular
nucleotides and nucleosides may be important regulators of inflammatory and immune
responses in cell lines. Modulation of inflammatory processes and immune responses by
extracellular ATP is complex and results from specific effects on a wide variety of both

immune and non-immune cells. The immunomodulatory effects of ATP in different immune
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cell types have been described by Di Virgilio et al. [139] and were recently reviewed by the
same authors, summarised that ATP and adenosine are important endogenous signaling
molecules in immunity and inflammation through activation of purinergic receptors. The
immunomodulatory effects of ATP on cytokine release by different immune cells depends
on its extracellular concentration, the cellular expression of purinergic receptor subtypes and
ectoenzymes can also be affected by various inflammatory mediators [140].

Glutamate alpha decarboxylase (GAD)

Neuronal hydrolysis of glutamine by glutaminase is the main source of the excitatory
neurotransmitter glutamate, while glial specific glutamine synthetase is involved in the
regulation of glutamate by astrocyte uptake of glutamate and conversion to glutamine.
GABA levels are regulated through synthesis from glutamate catalyzed by glutamate alpha
decarboxylase (GAD) and metabolism to glutamate by GABA-T, both synthesis, and
metabolism occurring in neurons [141].

GAD enzyme activity was significantly decreased in the hippocampus of old rats
exposed to CUMS. Specifically, GAD enzyme is expressed in the adult brain in two
isoforms, namely GAD-65 and GAD-67. The two isoforms were shown to substantially
differ in their response to phosphorylation; GAD-67 is inhibited by phosphorylation and
activated by calcineurin mediated dephosphorylation, while the GAD-65 isoform is
activated by phosphorylation.[142]. Herman and Larson (2001) reported that exposure to
chronic intermittent stress decreased GAD65 mRNA levels in the hippocampal-
paraventricular hypothalamic nucleus (PVN) relays of old Fischer rats, which was not seen

in young rodents [143].
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Figure 4: GAD enzyme mediated Glutamate and GABA neurotransmitters in neuronal
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Parathyroid hormone 2 receptor and Tuberoinfundibular peptide of 39 residues

The parathyroid hormone 2 receptor was recognized based on its sequence homology
with other receptors. It is a seven transmembrane type II G-protein coupled receptors [58]. It
has 50% amino acid sequence similarity with the parathyroid hormone 1 receptor (PTHIR).
The expression and distribution of PTH2R have also been examined in the rat (Wang et al.,
2000). PTH2R-expressing cell bodies were found in a variety of brain areas. However, some
discrepancies were reported between PTH2R mRNA-expressing and PTH2R-
immunoreactive (ir) cell bodies [59].

Based on pharmacological and distributional data suggesting that parathyroid hormone
and parathyroid hormone-related peptide are not endogenous ligands of PTH2R.
Tuberoinfundibular peptide of 39 residues (TIP39) is an endogenous ligand that binds to the
PTH2R with high affinity. In contrast, it has low affinity and negligible agonism at the
PTH1 receptor level [60, 61]. TIP39 was purified from the bovine hypothalamus on the
basis of its stimulation of cAMP formation. Mouse and rat TIP39 sequences are identical
and share only 4 and 6 amino acid residues with parathyroid hormone-related peptides [62].

Detailed investigation on expression and distribution of TIP39 in the rat has revealed
that TIP39 neurons are restricted to two brain regions, the subparafascicular/posterior
intralaminar thalamic area and the medial paralemniscal nucleus at the midbrain-pons
junction. In contrast to the restricted distribution of TIP39 cell bodies, amplification
immunocytochemistry demonstrated a widespread distribution of TIP39 fibers in limbic,

endocrine, and auditory brain regions [63, 64]
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The central and basolateral nuclei of the amygdala are key components in the neural
circuitry of innate and learned fear [65], but little is known about the circuits that underlie
fear incubation. The amygdala is likely to be involved, based on its contributions to fear
memory. Recent observations suggest that the central amygdala (CeA) plays a critical role in
incubation of drug craving, which is a time-dependent increase in cue-induced drug-seeking
behaviour after withdrawal [66]. Within the amygdala, PTH2R expression and projections
from TIP39 neurons are relatively concentrated in the medial amygdala (MeA) and CeA.
Neurons in the MeA are activated by contextual fear conditioning and lesions of the MeA
disrupt several fear behaviors, including predator odor-evoked freezing, acute
neuroendocrine responses, fear-potentiated startle, and conditioned fear memory [67, 68],
suggesting that it may also be involved in fear memory.

Fear incubation was studied in mice and rats. Siegmund and Wotjak (2007) [69]
showed that a single foot shock generates hyperarousal, enhanced contextual fear responses
and generalized anxiety [70]. Moreover, fear and avoidance behaviors increase from 1 to 28
d of incubation in PTSD condition. Functional studies demonstrated that TIP39 modulates
fear incubation stress responses, anxiety, and emotional behaviours [62-65]. Global deletion
of TIP39 signaling in TIP39-KO and PTH2R-KO mice enhanced conditioned fear memory
14 d but not 6 d after a single foot shock, indicated potentiation of fear incubation [144].

The role of the PTH2R in the regulation of the catecholamine systems is less
pronounced though TIP39 fibers are abundant in the locuscoeruleus and subcoeruleus areas,
where noradrenergic neurons exist more. Recent evidence brings up the possibility that
TIP39 may interact with noradrenergic pathways. TIP39KO mice and WT mice injected with

a PTH2R antagonist demonstrated selective impairment of memory performance during
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novelty-induced arousal [145]. Noradrenergic signaling has a biphasic, inverted U shaped,
effect in the regulation of cognitive functionalities. The impaired performance of mice
without TIP39/PTH2R signaling was restored by propranolol, an antagonist of beta-
adrenoceptors, suggesting that PTH2R signalling influences the effect of novelty stress via
an interaction with noradrenergic mechanisms [58].

PTH2R signaling in stress-induced analgesia (SIA) using hotplate model, before and
after an inescapable foot shock, the response latencies were reduced in the wild-type mice.
In contrast, a larger and dramatic increase was found in the response latency in mice without
PTH2R signalling [61]. Similarly, TIP39 knockout mice showed elevated pre-shock
response latencies in the hot plate test of SIA. These findings suggest that signaling through
the TIP39-PTH2R system may normally limit SIA. Stress-induced analgesia induced by
high-intensity stressful stimuli, including inescapable foot shock, has been shown to have a
predominant for non-opioid component [146]. Indeed the opioid antagonist naloxone did not
show any changes, but the cannabinoid receptor antagonist (Rimonabant) significantly
decreased the SIA in wild type mice. But, the inhibitory effect of rimonabant on the STA was
much greater in the TIP39-PTH2R KO mice were observed [58].

ICV infusion of TIP39 reduced the plasma AVP levels by acting through PTH2R.
Forty-eight hours of water deprivation induced dehydration significantly reduced the plasma
AVP level following TIP39 administration. In the same study, it did not alter the plasma
total protein content. The effect of TIP39 was not related to change in blood pressure
because TIP39 infusion produced fall in mean arterial blood pressure, which would rather
stimulate AVP secretion. In turn, the opioid receptor antagonist naloxone significantly

reversed the inhibitory effect of TIP39 on dehydration induced AVP release while it had no
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significant effect on the plasma AVP level when injected alone. These results suggest that
TIP39 inhibits AVP release by central action possibly via an opioid system without
influencing hemodynamic and osmotic action [147].

Lateral ventricular administration of TIP39 peptide in male rats blocked the release of
growth hormone (GH) in plasma. This finding is consistent with anatomical data showing a
high density of TIP39 containing fibers around somatostatin neurons in the periventricular
hypothalamic nucleus. Somatostatin neurons that inhibit the release of GH [148]. PTH2R
expression was demonstrated on many of these somatostatin neurons in the rat as well as in
human providing the anatomical basis for TIP39 stimulating the release of somatostatin,
which in turn inhibits GH secretion [149]

TIP39 KO mice demonstrated increased anxiety in the shock-probe defensive burying
test as compared to WT controls. In normal or in low-stress conditions, TIP39 KO mice did
not differ from WT controls in the arm entries in the elevated plus maze or in the dark-light
emergence test of spontaneous anxiety-like behaviours [55]. However, an increase in
anxiety-like behavior became evident in TIP39 KO mice that were tested in the elevated
plus maze under prior restraint or bright illumination conditions. These results are consistent
with a role of endogenous TIP39 in limiting the consequences of stressful perturbations.
Furthermore, mice lacking TIP39 or the PTH2R demonstrated increased anxiety and
depression-like behaviours after a foot shock in elevated zero mazes, open field, light dark
box and forced swim tests [150].

Fear-related anxiety was investigated in relation to the TIP39-PTH?2 receptor system
using Pavlovian fear conditioning method. TIP39 KO mice showed more freezing than wild-

type mice after one tone-shock pairing during conditioning and subsequently, more freezing
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during both tone and context recall tests. However, the similar level of freezing was noted
during subsequent tone presentation, respectively [151]. Furthermore, foot shock
conditioned fear recall was enhanced 14 days but not 6 days after the aversive stimulus in
both TIP39 KO and PTH2RKO mice as compared to wild-type controls [55-57]. These
results suggest that normal TIP39 signalling lessens the long-term consequences of a
traumatic event while the absence of signalling via the PTH2R increase the recovery period.
Since the amygdala is known to be involved in the fear response [152], the abundant TIP39-
PTH2R system in the amygdala, especially in its central and medial nuclei might be
involved in these effects.

Infusion of TIP39 into the lateral ventricle increased the core temperature of WT mice
while TIP39 injection had no effect in PTH2R KO mice. Furthermore, PTH2R KO mice had
impaired heat production upon cold exposure, but no change in basal temperature and no
impairment in response to a hot environment suggesting that theTIP39 PTH2R system plays
a specific role in temperature conservation in a cold environment [66], Since temperature
sensation was normal in PTH2R KO mice, the PTH2R may play a role in the heat
production signal. Both seem to be the case because acute intracerebral PTH2R antagonist
administration also impaired the heat production response to a cold environment. In
addition, the weight of brown adipose tissue (BAT), and its capacity to increase body
temperature were reduced. PTH2 receptor in the Median Pre-Optic nucleus (MnPO) seem to
be involved in the thermoregulatory action of TIP39 because TIP39 injected into the MnPO
produced a larger body temperature increase (2°C) for longer periods of time than injection
of the same amount of TIP39 into the lateral ventricle. Furthermore, local injection of TIP39

into the dorsomedial hypothalamic nucleus had no effect on the body temperature. The
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MnPO as a site of action is consistent with its high density of TIP39 terminals and PTH2R
immunoreactivity as well as with the known role of MnPO neurons in the control body
temperature [153] via descending mechanism. No data available on the actions of TIP39 on
the HPA axis and in central thermoregulation association with fever.

The functional significance of the elevated TIP39 was studied on the release of
prolactin because the projection of TIP39 neurons in the PIL toward tyrosine hydroxylase-
containing neurons in the mediobasal hypothalamic regions known to regulate prolactin
secretion. In rodents, removal of the pups from the dams for 4h results in a decrease in
prolactin level, which is in turn dramatically increased upon the return of the litter and the
immediate onset of nursing. Injection of a PTH2R antagonist into the lateral ventricle 5 min
before the union of mothers with pups potently and dose-dependently inhibited suckling-
induced prolactin release in the rat [154]. The physiological significance of this is supported
by the observation that in a similar pup removal/return paradigm the weight increase (a
measure of milk consumed) of pups suckling PTH2R KO mice was reduced 30 min after the
onset of nursing as compared to pups suckling WT mice. Also consistent with less effective
suckling by PTH2R KO dams, pups reared by PTH2R KO mice had a lower body weight at
the time of weaning than pups reared by WT mice. TIP39 fibers and PTH2Rs are ideally
positioned to affect gonadotropin-releasing hormone (GnRH) neurons, whose activity is
suppressed during lactation. In addition, the TIP39-PTH2R neuromodulator system might
also play a role in conveying the effect of sucking on other systems adapted in the
postpartum period. PTH2Rs in the preoptic area, the lateral septum, and the periaqueductal
gray could be involved in the control of maternal behaviours [155]. Emotional changes that

take place in the postpartum period could also be affected by TIP39 based on the
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localization of the TIP39-PTH2R system in the infra limbic cortex, the medial, and central
amygdaloid nuclei, the amygdalo-hippocampal transitional zone, the pre-mamillary nuclei,
the ventral subiculum, and the periaqueductal gray which are parts of the circuitry of
reproductive and emotional regulation [156-157]

Tuberoinfundibular peptide of 39 residues (TIP39) found to have the modulatory
effect on an acute nociceptive action. TIP39-PTH2R located most of the central and
peripheral region. Many of these regions process pain information [158]. PTH2 receptors are
also expressed in dorsal root ganglion (DRG) neurons as well as the spinal dorsal horn
suggesting that PTH2 receptors may play a role in pain regulation. Moreover, intraplantar
injection of its endogenous agonist TIP39 elicited nociceptive flexor responses in mice. In
addition to this, the intrathecal administration of TIP39 potentiated thermal and mechanical
responses, as well as a nocifensive response. These findings suggest that TIP39 may have
pharmacological and physiological effects on nociceptive fibers. It is also synthesized by a
population of DRG cells and by neurons within the dorsal horn of the spinal cord. TIP39
increases cAMP in F-11 cells, which are a DRG neuroblastoma hybrid cell line that
possesses some of the properties of peptidergic nociceptors [16,17], whereas the absence of
TIP39 signaling, in TIP39 knockout (KO) mice, mice with null mutation of the PTH2R, or
following acute PTH2R block, reduces nocifensive responses in animal models of acute
thermal and inflammatory pain [11]. These reports suggest that TIP39 signaling modulates
sensory thresholds via effects on the glutamatergic transmission to brainstem GABAergic
interneurons that innervate noradrenergic neurons. TIP39's normal role may be to inhibit

release of hypoalgesic amounts of norepinephrine during chronic pain.
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Expression of TIP39 gene in the cardiovascular system was proved that it has strong
negative inotropic effect in the presence of L-NA with no vasodilator action through
PTH2R, the contrast to PTHIR. This study led to the hypothesis, nitric oxide (NO)
contributes to negative inotropic effect and influences the contractility in a positive mode.
Similar results were obtained in experiments with isolated heart at the lower concentration.
These results suggest that a direct effect of TIP39 on the cellular level and that myocyte
derived NO rather than vascular NO is responsible for this effect. Furthermore, study stating
that NO mediates its positive inotropic effect via cGMP. These observations revealed that
TIP39 activates two pathways. One is NO/cGMP dependent and influences inotropy in a
positive manner. Second is the blockade of NO synthesis by L-NA [159]. Therefore, it

concludes that NO is responsible for the positive effect of TIP39 on contractility.
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PLAN OF WORK

Phase 1: Elucidation of Physiological role of Tuberoinfundibular Peptide 39 (TIP39)
in rats

+» Assessment of physiological role of TIP39 peptide in rats
% Assessment of behavioural activity of TIP39 treated rats
++ Estimation of neurochemical and stress hormone in TIP39 treated rats

¢ Morphological study on prefrontal cortex and hippocampus in TIP39 treated rats

Phase II: Neurochemical assessment and behavioural role of Tuberoinfundibular
Peptide-39 (TTP39) in acute restraint stressed Rats

+» Interactive study assessment
¢ Induction of acute restraint stress (ARS) in rats for two hours
¢ Behavioural evaluation of TIP39 peptide on acute restraint stressed rats by using

PTH?2 receptor antagonist

X/
L X4

Estimation of stress hormone in acute restraint stressed rats using PTH2 receptor

antagonist

X/
°e

Estimation of GABA, Glutamate, SHT and NA release in acute restraint stressed rats

using PTH?2 receptor antagonist by using HPLC and HPTLC techniques

X/
L X4

Expression of TIP39 gene in normal and stressed rats by using PCR techniques

Phase I11: Elucidation of role of TIP39 on chronic unpredictable mild stress induced
HPA axis dysregulation, inflammation and oxidative damage in depressive rats

¢ Behavioural evaluation of TIP39 peptide on CUMS induced anxiety and depression in
rats.

¢ Estimation of sucrose intake in CUMS rats

¢ Estimation of oxidative markers such as SOD, CAT, GSH and MDA on CUMS rats

« Estimation of energy metabolite in CUMS rats

¢ Study on pro-inflammatory cytokines (IL-6, IL-1  and TNF-a) in CUMS rats
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Phase 1V: Elucidation of role of TIP39 on chronic unpredictable mild stress induced
learning and memory impairment in rats.

X/
L X4

Behavioural evaluation of TIP39 peptide on CUMS induced learning and memory
impairment in rats.

% Estimation of acetylcholine esterase release in CUMS rats.

X/
L X4

Estimation of glutamic acid decarboxylase enzyme (GAD) in CUMS rats

X/
L X4

Expression of GR and MR genes in CUMS rats

X/
L X4

Histological study on Pre frontal cortex and hippocampus in CUMS rats.
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Materials and Methods

Table 1: List of Materials used in this study

Chemicals /Reagents/ Instruments

Manufacturer

Ketamine

Med India, India.

Xylenol

Kruz Pharma, India.

Carboxy methyl cellulose

Thermo Fisher Scientific, USA.

TIP39 peptide

Life Technologies Pvt Ltd, India

5-Hydroxytryptamine (SHT)

Sigma Aldrich, USA

Noradrenaline (NA)

Neon lab, India

Glutamic acid

Sigma Aldrich, USA

GABA

Sigma Aldrich, USA

Acetylecholine esterase (AchE)

Sigma Aldrich, USA

Corticosterone

Sigma Aldrich, USA

Dimethyl sulphide

Thermo Fisher Scientific,USA.

Stereotaxic apparatus

RWD Life Science Co Ltd, China

HYWH

Biomolecules Midwest Inc.USA

ATP

Sigma Aldrich, USA

IL-6, IL-1 B and TNF-a Elisa kit

Hi Media, Bengaluru.

SOD, CAT, GSH and MDA

Hi Media, Bengaluru.

3-(4 5-dimethylthiazol-2)-2 5-

diphenyltetrazolium bromide

Sigma Aldrich, USA

Glutamic acid decarboxylase enzyme (GAD)

Sigma Aldrich, USA
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Acetyl thiocholine iodide

Sigma Aldrich, USA

GR and MR primers

Thermo Fischer scientific, USA.

Dissection microscope

Micros, Austria.

High Performance Liquid Chromatography

(HPLC)

Waters, USA.

High Performance Thin Layer Chromatography

(HPTLC)

LAMAG , Switzerland.

GR, MR primers

Hi Media, Bengaluru.

Inverted Trinocular phase contrast fluorescent
Microscope

Nikon , Japan

Water Maze

Medi Analytica ,India.

Multimode reader

Thermo scientific, , USA

Reverse transcriptase PCR

Thermo scientific, , USA

Refrigerated ultra centrifuge

Eppendrof, Germany.

Deep freezer

Cryo scientific system, Tamil Nadu

Surgical table with temperature control

RWD life sciences, China

UV Visible spectrophotometer (2)

Shimadzu, Japan
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Methodology

Phase 1: Elucidation of Physiological role of Tuberoinfundibular Peptide 39 (TIP39)

in rats

Behavioural study on open field exploratory behaviour Test (OFT), forced swim
test (FST) and elevated plus maze (EPM) in rats

Estimation of plasma corticosterone level in rats using HPLC method

Estimation of plasma 5-Hydroxytryptamine (SHT) level and Estimation of plasma
noradrenaline (NA) level using HPLC method

Estimation of brain Glutamate and GABA content using HPTLC method
Estimation of brain acetylcholine esterase (AchE)

Histopathological study on prefrontal cortex and hippocampus in rat brain

Phase II: Neurochemical assessment and behavioural role of Tuberoinfundibular

Peptide-39 (TIP39) in Acute Restraint Stressed (ARS) Rats

R/
A X4

R/
A X4

X/
°e

Induction of acute restraint stress (ARS) in rats for two hours

Interactive study in forced swim test and elevated plus maze model on HYWH
treated rats in acute restraint stressed rats

Estimation of plasma corticosterone on HYWH treated rats in acute restraint
stress model using HPLC method

Estimation of plasma 5-Hydroxytryptamine (SHT) level and plasma noradrenaline
(NA) level on HYWH treated rats in acute restraint stress model using HPLC
method

Estimation of brain Glutamate and GABA content on HYWH treated rats in acute
restraint stress model using HPTLC method

Expression of TIP39 gene in normal and acute restraint stressed rats by using PCR

techniques
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Phase III: Elucidation of role of TIP39 on chronic unpredictable mild stress

(CUMS) induced HPA axis dysregulation, inflammation and oxidative damage in

depressive rats

Chronic unpredictable mild stress induction procedure for 28 days
Estimation of sucrose consumption on Anhedonia model in CUMS rats

Behavioural study on open field exploratory behaviour test , forced swim test and
tail suspension test (TST) in CUMS rats

Estimation of SOD, CAT, GSH, and MDA on prefrontal cortex and hippocampus
region in CUMS rats

Estimation of plasma corticosterone in CUMS rats using HPLC method
Estimation of brain ATP content in CUMS rats using HPLC method

Estimation of Pro Inflammatory Cytokines like TNFa , IL-1p and IL-6 in CUMS

rats using ELISA techniques

Phase IV: Elucidation of role of TIP39 on chronic unpredictable mild stress induced

learning and memory impairment in rats.

R/
A X4

X/
L X4

X/
L X4

Behavioural study on Morris water maze TesttMWM), Y- Maze task, modified
elevated plus maze (mEPM) and novel object recognition test (NORT) in CUMS
rats

Estimation of acetyl cholinesterase activity in CUMS rats

Estimation of GAD enzyme by ELISA method in CUMS rats

Mineralocorticoid (MR) and Glucocorticoid receptor (GR) gene expression in

CUMS rats using PCR techniques
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% Morphological study on Pre frontal cortex and Hippocampus in CUMS rats using
H&E staining

1. Animals

Male Sprague Dawley rats (150-200g) were obtained from PSG IMS&R
(205/2013/TAEC, 280/2015/1AEC, 359/2017/TAEC). Experiment was performed
according to the experimental protocol approved by the institutional animal ethics
committee (IAEC). Rats were maintained in a separate cage (6 animals per cage) with
standard diet. Animals were housed under room temperature (25 + 2° C), 12/12 hrs light-
dark cycle, humidity (55+5%) according to CPCSEA guidelines and guide for the care
and use of laboratory animals.
2. Surgical procedure and drug treatment

Stereotoxic surgery was made seven days before the drug administration. Rats were
anesthetised with ketamine (80 mg/kg, i.m.) xylazine (10 mg/kg,i.m.). Guide cannulae
(Stailess steel (OD 0.64 x ID 0.45) RWD Life Science Co Ltd, China) was implanted in
the right lateral ventricle at pre-established coordinates, anteroposterior, 0.2 mM from
bregma; lateral, 1.5 mM; and vertical, 4.2 mM, and kept under controlled temperature in
an individual cages [160]. Two different doses of TIP39 peptide (1 nmol & 10 nmol) was

infused through intracerebroventricular (i.c.v) route over 5 min.
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Figure 5. Site of Intracerebroventricular (ICV) infusion on bregma region at skull

Wale Wistar

3. Behavioural study

3.1. Chronic unpredictable mild Stress induction and Anhedonia model

The CUMS model was implemented according to a previous method with a slight
modification [172]. During the experiment, the animals were first trained to experience
and drink a sweet beverage by presenting them simultaneously with two bottles, during
the first 24 h; both bottles contained a 1%sucrose solution. Subsequent 24 h, one bottle
contained the standard sucrose solution the other contained water. Following 14 h food
and water deprivation, rats received the first baseline sucrose preference test. Each animal

was presented simultaneously with two pre weighed bottles, one containing the sucrose
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solution and the other containing normal water. Both bottles were removed and weighed
at 60 min at the end of the test. Then, animals were given food and water for 2 h. After
another period (14 h) of food and water deprivation, animals received a second baseline
sucrose preference test. Four days thereafter, following 24 h food and water deprivation,
animals received a third baseline sucrose preference tests. After the 1%, 2" 3 and 4™
week of CUMS, rats were subjected for sucrose preference test [173].

Followed by third baseline test, animals were divided into various groups (n=6) and were
subjected to chronic unpredictable stress. In brief, the CUMS protocol consisted of the
chronological application of a variety of mild stressors. These stimulants are shifted every
other week in a period of four week experiment. All the control rats were kept under
identical conditions in a separate cage away from the stressed rats. (Table 2)

Table 2: Stress induction procedure in CUMS model

Days Type/Duration of stress

Day 1 Food deprivation (24 h) and cold swimming (5 min at 6° C)

Day 2 Water deprivation (24 h), Tail pinch (1min - 2 times interval of 6 h)

Day 3 Soiled bedding (150 ml water per cage) for 12 h, Physically restrained for 2 h
Day 4 Day and night light illumination and restricted food pellets (45 g)

Day 5 Exposure to a novel odour with noise (12 h) and animal isolation (1rat/cage) (12h)
Day 6 Crowded housing (10 rats/cage) for 12 h

Day 7 Cage tilting (45° inclined) for 12 h

Same methodology was followed for 2™,3" and 4™ week
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3.2. Open Field Exploratory Behaviour Test (OFT)

The open field test (OFT) was executed to check whether the immobility period
was in conjugation with any effect of motor activity. Open field [161] apparatus is an
arena made of plywood, consisting of a floor (96 x 96 cm) with high walls. The entire
apparatus was painted black except for 6 mm thick white lines which divided the floor
into 16 squares. Experimental animals were placed in the centre of an open box and
allowed to explore the arena. Behavioural parameters were quantified, such as
ambulation, rearing, time spent in central compartment, and grooming for 5 min.

3.3. Forced Swim Test (FST)

With slight modifications, forced swim test (FST) was carried out [125]. Rats
were forced to swim one by one in a transparent glass vessel (45cm X 12cm X 45¢cm)
with water filled up to 30 cm at room temperature (25 + 2°C) 24 h ahead test session. A
training period of 10 min has given to each animal. The duration of immobility, jumping
and dipping responses were observed for five min in a six min test session. On the test
day, after the initial 1 min, rats were observed for immobility, jumping and dipping
responses for next 5 min. The start of immobility reflects behavioural despair or
helplessness.
3.4.Elevated plus maze (EPM)

Elevated plus maze (EPM) was conducted to evaluate the anxiety state. On testing
day, the rat was placed in the centre square of the plus maze, facing one of the
enclosed arms. The number of entries and the time spent in open and closed arms were
noted for next six minutes period. An arm entry was defined when all the four

limbs were on the arm [162].
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3.5. The tail suspension test (TST)

TST was conducted according to steru et al. [174] where animals were suspended by the
bands and hang from a hook mounted 50 cm above the floor for 6 min, approximately 5
cm from the lever. Rats were suspended for a period of 6 min and were considered
immobile when rats are completely motionless.

3.6. Morris Water Maze Test (MWM)

Morris water maze employed to evaluate spatial learning and memory [163]. It
consisted of large circular pool (150 cm in diameter, 45 cm in height, filled to a depth of
30 cm with water maintained at 28+1°C). During the MWM test, a platform 15 cm in
diameter was located 1.5 cm below the water in one of four sections of the pool,
approximately 50 cm from the sidewalls. The pool was divided into four quadrants of
equal area
3.6.1. Acquisition phase:

The MWM test was initiated after drug administration. The animals received four
trials per day. The rats were trained to find the hidden platform. The position of platform
was kept unaltered throughout the training session. Each animal was subjected to four
consecutive training trials on each day. The rat was gently placed in the water between
quadrants, facing the wall of pool and allowed 60 sec to locate submerged platform.
Then, it was allowed to stay on the platform for 20 sec. If it failed to find the platform
within 60 sec, it was guided gently onto platform and allowed to remain there for 20 sec.
Day 6, escape latency was performed (ELT), rats were allowed to locate the hidden

platform in water maze was noted as an index of acquisition or learning. Animals were
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subjected to training trials for six consecutive days. Between one trail and the next, water
was stirred to erase olfactory traces of previous swim patterns.
3.6.2. Retention phase:

On ninth day, the platform was removed and each rat was allowed to explore the pool
for 90 sec. Mean time spent in the target quadrants was noted. The mean time spent by
the animal in target quadrant searching for the hidden platform was noted as an index of
retrieval or memory. The time to reach the target quadrant and the number of crossings
the animal made while searching the target quadrant was also noted as index of memory.
3.7. Y- Maze task: Spontaneous alternative performance

Y-maze test was used to assess the immediate working memory performance of
the animal by recording their spontaneous alternation behaviours in a single session
[180]. The maze was made of 3 identical arms, 40 cm long, 35 cm high and 12 cm wide,
positioned at equal angles and labelled A, B, and C. Each rat, unfamiliar with the maze,
was placed at the end of one arm and allowed to move freely through the maze during a
5-min session. Spontaneous alternation was examined by visually recording the pattern of
entrance into each arm in the maze for each rat. Alternation behaviour was determined
from successive entries into three different arms (e.g., ABC, CAB, or BCA). Arm entry
was considered to be complete when the hind paws of the rat were completely placed in
the arm. The percentage of spontaneous alternations was defined by the following
equation:

Spontaneous alternation (%) = [(number of alternations)/(total arm entries—2)]x100.
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3.8. Modified Elevated plus Maze (mEPM)

The Elevated plus maze was made of wood and painted black. The apparatus
consisted of two opposite open arms (45 cmx10 cm) without sidewalls and two enclosed
arms (45 cmx10 cmx30 cm) with sides and end walls, extending from a central square
(10 cmx10 cm). The maze was elevated to the height of 60 cm above the floor and placed
in a moderately lighted room. On the first day, each rat was placed at the end of an open
arm, facing away from the central platform. Transfer latency (TL) was defined as the time
taken by the animal to move from the open arm into one of the covered arms with all its
four legs. TL was recorded on the first day for each animal. If the animal did not enter
into one of the covered arm within 90 sec, it was gently pushed into one of the two
covered arms and TL was assigned as 90 sec. The rat was allowed to explore the maze for
another 2 min and then returned to its home cage. Retention of this learned-task
(memory) was examined 24 h after the first day trial [180]

3.9. Novel object recognition test (NORT)

The test consists of three sessions separated by 24 h. In session 1 (habituation),
animals allowed to freely explore the open field during 10 min. In session 2
(familiarization), rats allowed to interact with two identical objects placed in the centre of
the open field during two 5 min periods. During inter period time (1 hour), rats placed in
their home cage. In session 3 (test),after 24 h rats presented 1 familiar object and a novel
object that differed in shape, colour, and texture, during 10 min session. The starting
position (facing objects) unchanged over sessions and animals were tested in a semi

randomized order. Contacts with objects defined as when the animal’s nose less than 1
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cm from the object and contacts recorded. The results calculated as duration of contact
with the novel object and expressed as a percentage of the total contact time with the two
objects (TCT). The apparatus cleaned with diluted ethanol (50%) between animals and
only 1 rat tested by session [181].
3.10. Blood and brain sample collection
Immediately after the last behavioural test 2 ml of blood was collected through

retroorbital puncture for neurochemical estimation. Blood samples were collected in
ependroff tubes contains 10% sodium citrate solution. Plasma was separated by
centrifuging the blood at 4000 rpm for 10 min and stored at -80°C until the estimation
was done. After blood collection the rats were anesthetized with ether followed by quick
cervical dislocation then performed decapitation followed by harvesting of brain. Brains
were immediately stored at -80°C until the estimation was done.
4. Estimation of plasma 5-hydroxytryptamine (SHT) level

5-Hydroxytryptamine was measured in the plasma sample of rat using High
Performance Liquid Chromatography (HPLC) techniques [164].
4.1. Preparation of stock solution

The main stock solution was prepared by dissolving the standard drug in water at
a concentration of 1 mg/ml. From this stock solution, working standard solutions were
prepared in the mobile phase at various concentrations ranging from 10 pg to 50 pug for
the calibration curve.
4.2. Preparation of plasma samples

The plasma samples were dissolved in the mobile phase. Internal standard

(Paracetamol) was added and vortexed for 5 minutes and centrifuged at 10,000 RPM for
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15 min. The supernatant layer was injected into the HPLC for the estimation of SHT
neurotransmitters.
4.3. Preparation of mobile phase

The mobile phase consists of potassium dihydrogen phosphate (0.07mm/lit),
dipotassium ethylene diamine tetra acetic acid salt (0.1 mm/lit), heptane sulphonic acid
(1.1 mm/lit), tri ethyl amine (3.1 mm/lit) and methanol. The buffer solution was prepared
by dissolving all the chemicals in the HPLC grade water, sonicated for 15 min and
filtered through 0.22 um nylon filter. The mobile phase was prepared with the following
ratio of acetonitrile: methanol: sodium acetate (pH 3.5) in the range of (10:10:80 % v/v)
and the pH was adjusted with saturated citric acid solution, sonicated and filtered prior to
the use.
4.4. Chromatographic conditions and procedure

Plasma serotonin level was measured using 10At HPLC systems (shimadzu LC).
The mobile phase used for the study was acetonitrile: methanol: sodium acetate (pH 3.5)
in the ratio of (10:10:80 % v/v). The stationary phase used was phenomenex C18
(250*4.6mm i.d, 5 ) at the flow rate of 0.7 ml/min and detected at 275 nm. The samples
were prepared with phenomenex strata solid phase extraction cartridge was conditioned
with methanol and water (1 ml) sequentially. To this 0.5ml of plasma was added. The
cartridge was washed with 2ml of water. The drug was eluted from the cartridge using 0.5
ml of a mobile phase. The standard serotonin was used for the preparation of calibration

curve.
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5. Estimation of plasma noradrenaline (NA) level

Nor-adrenaline was measured in the plasma sample of rat using HPLC coupled
with Electro Chemical Detector [165].
5.1. Preparation of stock solution

The main stock solution was prepared by dissolving the standard drug in water at
a concentration of 1 mg/ml. From this stock solution, working standard solutions were
prepared in the mobile phase at various concentrations ranging from 10 ug to 50 ug for
the calibration curve.
5.2. Preparation of plasma samples

The plasma samples were added in the mobile phase. Internal standard
(paracetamol) was added and vortexed for 5 min and centrifuged at 13,000 rpm for 10
min. The supernatant layer was injected into the HPLC-ECD for the estimation of
neurotransmitters.
5.3. Preparation of mobile phase

The buffer was prepared based on the procedure mentioned in the section 1.5.4.
The mobile phase was prepared in the ratio of buffer: methanol (90:10 v/v) and the pH
was adjusted to 3.12 with saturated citric acid solution, sonicated and filtered prior to the
use.
5.4. Chromatographic conditions

HPLC was performed using water 515 system coupled with electro chemical
detector (waters 2465), which is equipped with binary solvent delivery pump and
rheodyne manual injector. The chromatographic separation was performed on C18

column: Luna C18. 110A (50x4.60 mm, 5 p) (phenomenex) and voltage was measured at
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0.7 mV. The system was run in the isocratic mode at a flow rate of 0.5 mL/min. the
injection volume was 20 ul while the column was maintained at 35°C temperature during
the run.
6. Preparation of Brain Tissue Samples
Rats were sacrificed under ether anaesthesia and their brains were excised out
quickly and stored at -80°C. The brain was homogenized using 0.1 N HCI (for every 10
mg tissue/200 pl) in a manual homogenizer. The homogenates were transferred to
polypropylene tubes and centrifuged at 4500 rpm for 20 min at 250°C. The supernatant
was then transferred into micro centrifuge tubes and used at the earliest for spot
application.
7. Estimation of Glutamate and GABA using HPTLC in rat brain
Neurotransmitters like L-glutamic acid and GABA were measured in rat brain
samples using high performance thin layer chromatography (HPTLC) coupled with
densitometer [166].

Chromatographic Conditions:

% Stationary phase : HPTLC Silica gel GF254 plates

% Mobile phase : n-butanol: glacial acetic acid: water (60:15:25 v/v)
% Chamber saturation time : 7 hr

% Prewashing : Ethanol

% Instrument : HPTLC (Camag—version 1.3.4)

% Applicator : Linomat V

% Scanner : Camag TLC scanner III

% Developing chamber : Twin trough glass chamber (20 x 10)
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% Developing mode : Ascending mode (multiple development)
% Detection reagent : 0.2% Ninhydrin in acetone

% Scanning wavelength : 486 nm

% Experimental condition : Room temperature

% Temp/RH-55 1 65%.

7.1. Preparation of standard solution

0.1N HCI was prepared using 80% ethanol. This was used to dissolve L-glutamic
acid and GABA.
7.2. Preparation of stock solution of L-Glutamic acid and GABA

Stock solution of L-Glutamic acid and GABA were prepared by dissolving 1 mg,
2 mg and 4 mg of the respective amino acid in 1 ml of 0.1N HCI (1 mg/ml).
7.3. Preparation of 0.2% Ninhydrin solution

In 100 ml standard flask, 200 mg of ninhydrin was taken and dissolved in 1 ml of
acetone. Then added 1 ml of pyridine and make up the volume upto 100 ml with acetone.
8. Estimation of corticosteroids

Corticosteroids are measured in the plasma sample of rat using HPLC coupled
with UV detector [167]. Immediately after the last behavioural test, animals were
sacrificed by decapitation and blood was collected in sodium citrate containing tubes kept
in ice and centrifuged at 1000xgfor 20 min. Plasma was separated and aliquots were
stored at —80°C for corticosterone estimation. Corticosterone (HPLC grade) was used as
standard for the preparation of calibration curve in the concentration ranging from 400-
1400 ng/ml.

Chromatographic conditions:
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« Column : 15%4.6 mm C18

X/
°e

Mobile phase : Distilled water: Acetonitrile: glacial acetic acid (65:35:0.05)

X/
°e

pH :4.10 and 4.20.

X/
°e

Flow rate : 1.2 ml/min

X/
°e

Sample injection volume : 100ul

X/
°e

Wavelength  :245 nm

X/
°e

Run time : £ 15 minutes
8.1.Preparation of standards

A 100 pg/ml stock solution of corticosterone was prepared in 20% methanol, in
an amber volumetric flask and stored in a refrigerator. Blood of healthy rats were
collected in heparin blood tubes and centrifuged. All the plasma was pooled into one
glass beaker. The plasma was treated with activated charcoal (0.04 g/ml of plasma) to
remove the endogenous corticosterone. The suspension was stirred for 90 min at room
temperature where after it was pipette into a glass tube and centrifuged at 3000 rpm for
10 min. The top layer of plasma was filtered through a 0.45 pm Millipore filter to remove
all the carbon particles. The concentration range of 400-1400 ng/ml was made with the
activated charcoal treated plasma for plasma standards.
8.2.Sample preparation

500 pl of the test plasma was taken in a glass tube and was extracted with 5 ml of
dichloromethane by vortexing it for 2 min where after it was centrifuged at 3000 rpm for
10 minutes. After centrifugation the upper layer which comprised of plasma was

removed, and the lower organic layer was transferred to conical tubes and evaporated to
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dryness under nitrogen at room temperature. The residue was reconstituted with 150 ul of
mobile phase.
9. Acetylcholine esterase assay
Acetylcholine esterase activity was estimated by using artificial substrate,
acetylthiocholine (ATC).In the medium, thiocholie released due to the cleavage of ATC
by AChE is allowed to react with —SH reagent 5,5’ —dithiobis-2-nitrobenzoic acid
(DTNB),which is reduced to be a yellow colored anion called thionitrobenzoic acid
measureable at a wavelength of 412 nm. Concentration of thionitrobenzoic acid was
spectrometrically detected and taken as a direct estimate of AChE activity. Acetylcholine
esterase assay was done based on the principle and protocol as described earlier by
Ellman et al.[168] with some minor modification. Briefly, rats were sacrificed by cervical
dislocation and whole brain was dissected out,20 mg of brain tissue/mL of phosphate
buffer(0.1M; pH8) was homogenized and 0.4 mL aliquot of brain homogenate was added
to a cuvette containing 2.6 ml of 0.1M phosphate buffer, 100 uL of DTNB reagent (10
mg DTNB in 100 mL of phosphate buffer, pH8.0) The substrate acetylthiocholine iodide
20 pL(75mg of acetylcholine iodide per 50 mL of distilled water) was added and change
in optical absorbance was measured every 2 min for 10 min at 412 nm to provide a
measure of enzyme activity [169]. The AChE activity was determined by following
formula:
R=5.74x10" xAA /C

Where,

R= Rate of enzymatic activity (in pmoles of acetylthiocholine hydrolysed /min/mg

protein)
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A=Change in absorbance /min
C = Concentration of tissue homogenate
10. Estimation of SOD, CAT, GSH, and MDA in the brain

Immediately after the last behavioural test, rats were anesthetized with ether
followed by quick cervical dislocation then decapitated followed by harvesting of brain.
Brain samples were immediately flash freezed using liquid nitrogen and stored at -80°C.
The tissue homogenate was prepared by using homogenization buffer (PBS-pH 7.4 with 1
mM EDTA, 5M NaCl, 0.5% triton X100 and protease inhibitor). The homogenised
samples were centrifuged at 2000 g for 2 min and the supernatant was used for the
enzyme assay. Superoxide dismutase (SOD) activity was estimated spectro
photometrically at 550 nm by measuring the generation of superoxide free radicals
produced by xanthine and xanthine oxidase, which react with nitro-blue tetrazolium
(NTB) system according to the method by Sun et al.,(1988) [175].

The activity of superoxide dismutase was expressed as units/mg protein.
According to Aebi et al.,(1984) [17] measurement of catalase (CAT) was carried out
based on the ability of catalase to restrict oxidation of the H,O,. Initial reaction was
carried out by adding 1ml of H,O, (30 mmol/L). The variations in decomposition rate of
H,0, were determined spectrophotometry at 240 nm. The activity of catalase was
expressed as units/mg protein. Assay of reduced glutathione (GSH) was carried out based
on the Elmann procedure. GSH concentrations were determined with the absorbance read
at 412 nm. The values were expressed in nmol/mg protein. malondialdehyde (MDA)
measurement was carried in compliance with Ohkawa et al.,(1979) [176]. The organic

layer was separated and its absorbance was measured at 532 nm by micro plate
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spectrophotometry. Protein estimation was conducted according to Lowry et al.,(1951).
The data were expressed as nmol/mg protein [177].
11. Estimation of ATP content in brain

ATP level in supernatants was quantified using a reverse-phase HPLC (Shimadzu,
Japan). RP-HPLC determination was performed on a reversed-phase Hypersil C18
column (Elite, Dalian, China) attached to two LC-10ATvp pumps, equipped with UV—
Vis detector. The detection wavelength 254 nm [178].
12. Measurement of TIP39 expression by Polymerase Chain Reaction

The Cells were lysed using TRI reagent (Sigma-Aldrich) and the total RNA was
extracted and quantified by NanoDrop (Thermo Scientific Wilmington, DE, USA) and
whose 260/280 ratio found >1.8, were used for cDNA conversion (Applied Biosystems,
USA). Primer sequences were synthesized at Sigma-Aldrich, MO, USA. The TIP39
primer sequence is forward: 5’-GCTTCTGGGTGTGATGGTGA-3, Reverse:
"AGCAGCAAAAGCAGCAGCAG-3’.PCR reactions were run in qPCR (Applied
Biosystems, USA) system. Reactions were initiated with denaturation at 95 °C for 30s,
followed by 40 cycles of two-step reaction, denaturation at 95 °C for 5 s, and annealing
and extension for 30 s [171].
13. Measurement of Pro Inflammatory Cytokines by ELISA

After collection, tissues were lysed by using hypotonic lysis buffer composed of
10 mM Tris HCI, 10 mM NaCl and 0.3% NP40 and 10% glycerol along with protease
and phosphatase inhibitors. Protein estimation was done by Bradford assay. Plates were
coated with capture antibody (diluted in PBS) then washed with 0.05% Tween 20 in PBS

(pH7.2- 7.4). After washing plates incubated for blocking with reagent diluents (1% BSA
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in PBS pH 7.2-7.4) for minimum one hr. 100 ul of sample and standard were incubated
respectively for 2 hr at room temperature. Washing was repeated as above and 100 ul of
detection antibody reconstituted in reagent diluents for TNFa (DY-510) along with 2%
heat inactivated NGS for IL1f (DY-501) and IL-6(DY-506). Then incubated for 2 h at
room temperature. Washing was repeated as above. Substrate solution (Tetra Methyl
Benzidine) was added and incubated for 20 minutes. Finally 50 ul of stop solution (2 N
H2S04) was added to each well and plates were gently tapped for thorough mixing.
Optical density was determined at 450 nm with 540 nm baseline correction.
14. Estimation of GAD enzyme by ELISA method

Estimation of glutamic acid decarboxylase (GAD) was performed according to the
procedure given in ELISA kit purchased from sigma,USA. [182]. GAD enzyme was
determined based on enzyme linked immunosorbent assay technique called quantitative
sandwich immunoassay. The microtiter plate provided in this kit has been precoated with
a monoclonal antibody specific for GAD. Standards or samples are then added to the
microtiter plate ells. A standardized preparation of horseradish peroxidase (HRP)
conjugated polyclonal antibody was added to each well to “sandwich” the GAD
immobilized on the plate. The microtiter plate undergoes incubation, and then the
wells are thoroughly washed to remove all unbound components. Next, A and B
substrate solution was added to each well. The enzyme (HRP) and substrate were
allowed to react over a short incubation period. Only those wells that contain GAD
and enzyme conjugated antibody exhibited a change in colour. The enzyme substrate
reaction was terminated by the addition of sulphuric acid solution and the colour change

was measured spectrophotometrically at a wavelength of 450 nm.
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15. Mineralocorticoid (MR) and Glucocorticoid receptor (GR) gene expression

Cell lysis were done using TRI reagent (Sigma Aldrich, USA) and the total RNA
was extracted according to the manufacturer’s procedure. The RNA was quantified by
NanoDrop. The RNA was converted to cDNA by high capacity cDNA conversion kit
(Applied Biosystems). Expressions of Mineralocorticoid receptor (MR) and
Glucocorticoid receptor and Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were
studied.The designed sequences were obtained from Sigma-Aldrich, MO, USA. The
primer sequences are given in supplementary (Table 3). PCR reactions were run in qPCR
(Applied Biosystems) system [183].
Table 3: Primers of Mineralocorticoid (MR) and Glucocorticoid receptor (GR)

genes

Gene Primer/Sequence

GAPDH Forward- CAACTTTGGCATCGTGGAAG

Reverse - CTGCTTCACCACCTTCTT

MR Forward- ACCCTCCACACCTGTCAAAG

Reverse - ACCTCCTGCCATATTTGCTG

GR Forward- ATAAAAGCCTGAGGGGAGGA

Reverse - GGAGAATCCTCTGCTGCTTG
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16. Histopathological Evaluation

The brain was exposed by cutting the skull along the midline. Brains were
immediately fixed in 10% phosphate buffered formaldehyde, embedded in paraffin, and 5
um longitudinal sections were performed. The sections were stained with hematoxylin
and eosin (H&E) and examined microscopically [170].
17. Statistical analysis

Data were expressed as Mean + SD. Statistical analysis was carried out by one
way ANOVA followed by post hoc analysis Tukey’s multiple comparison test. Weekly
sucrose intake were subjected to two way ANOV A followed by Bonferroni post hoc test.
P<0.05, considered as statistically significant. Data were analysed using Graph Pad

Prism, 4.03 (La Jolla, CA. USA).
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RESULTS AND ANALYSIS

Phase I: Elucidation of Physiological role of Tuberoinfundibular Peptide 39 (TIP39)
in rats
1.1. Effect of TIP39 treatment on behavioural activity in rats

TIP39 (1 &10 nmol) was administered through ICV route in rats; both doses of TIP39
did not altered the behavioural responses significantly such as ambulation (F (2, 15) =
1.9, p > 0.05), time spent in central compartment (F (2, 15) = 1.7, p > 0.05), grooming
response (F (2, 15) = 1.2, p > 0.05) and rearing response (F (2, 15) = 2.1, p > 0.05), when
compared to saline treated control group in OFT model (Fig.6). In EPM model (Table 1),
TIP39 1nmol & 10 nmol did not show any significant changes on time spent (F (2, 15) =
2.8, p > 0.05) and arm entries (F (2, 15) = 3.1, p > 0.05) in both open arm and closed
arms as comparison to saline treated control group. In FST model (Fig.7), immobility
time (F (2, 15) = 0.41, p > 0.05), dipping (F (2, 15) = 0.82, p > 0.05) and jumping
response (F (2, 15) = 1.1, p > 0.05) were not altered significantly in both the doses of
TIP39 (1nmol &10 nmol) when compared to saline treated control group. Similarly, in
MWM test, animals did not show any significant changes on number of crossings (F (2,
15) = 2.7, p > 0.05), times spent (F (2, 15) = 3.5, p > 0.05), and time to reach the target
quadrant (F (2, 15) = 3.2, p > 0.05) as comparison to saline treated control group. Shown

in (Fig.8)
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Figure 6: Effect of TIP39 treatment on Open field test in rats
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Fig 6. Effect of TIP39 treatment on OFT in rats: A) Ambulations B) time spends in central compartment
C). Grooming response D). Rearing response. All data expressed as mean+ SD, n=6. Statistical analysis

was carried out in one way ANOVA followed by post hoc analysis Tukey's multiple comparison tests.

DEPT OF PHARMACOLOGY, PSG COLLEGE OF PHARMACY. 63



CHAPTER 6: RESULTS AND ANALYSIS

Table 4: Effect of TIP39 on EPM in rats

Treatment Number of entries (counts/6 Time spent (sec/6min)
min)
Open Arm Closed Arm Open Arm Closed Arm
Control 11.31£2.01 8.43+1.03 78.41+11.2 183.41191.12
TIP39 1 nmol/rat | 12.01+1.24 9.3+0.94 71.23+£10.22 190.35+20.32
TIP39 10 10.91+£2.43 8.62+1.1 74.61£10.31 186.23+19.11
nmol/rat

Table 4. Effect of TIP39 treatment on EPM in rats. All data expressed as meant SD, n=6. Statistical
analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's multiple comparison

tests.
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Figure 7: Effect of TIP39 treatment on Forced swim test in rats

=]
=]

100- 81
G o — [
§ 801 2 6
~ [e]
£ 604 @
- 2 4
2 o
= 404 £
o] o
e 2 2

1 a
E
0- 0-
N
(‘6\0
9@
)
N

Jumping response

Fig 7. Effect of TIP39 treatment on FST in rats A) Immobility time B) Dipping response C). Jumping
response. All data expressed as mean+ SD, n=6. Statistical analysis was carried out in one way ANOVA

followed by post hoc analysis Tukey's multiple comparison tests.
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Figure 8: Effect of TIP39 treatment on Morris water maze test in rats
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Fig 8. Effect of TIP39 treatment on MWM test in rats. A) No of crossings B) Time to reach the target
quadrant C). Time spent in target quadrant. All data expressed as mean+ SD, n=6. Statistical analysis was

carried out in one way ANOVA followed by post hoc analysis Tukey's multiple comparison tests.

1.2. Effect of TIP39 treatment on biochemical’s and neurotransmitter level in rats
Rats treated with ICV administration of TIP39 (Inmol & 10nmol) did not showed
significant changes in plasma SHT (F (2, 15)=1.2,p> 0.05) and NA (F (2, 15)=1.4,p>
0.05) level when compared to control group. Similarly, brain Glutamate (F (2, 15) = 0.82,

p > 0.05), and GABA (F (2, 15) = 0.51, p > 0.05) levels were not altered with TIP39 1 &
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10 nmol when compared to control group. Stress hormone like plasma Corticosterone
levels also did not changed significantly (F (2, 15) = 2.9, p > 0.05), as comparison to
control group. Similarly, both doses of TIP39 (Inmol & 10nmol) did not alter the
acetylcholine esterase level (F (2, 15) = 3.4, p > 0.05) significantly in comparison to
normal saline treated rats (Fig.9).

Figure 9: Effect of TIP39 treatment on plasma and brain neurotransmitter level in

rats
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Fig 9. Effect of TIP39 treatment on SHT, NA, GABA and Glutamate level in rats. All data expressed

as mean* SD, n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis

Tukey's multiple comparison tests.

Table 5: Standard Plasma SHT estimation

S.No Standard S5HT concentration Peak area
(ug/100ml))
1 10 30968
2 20 62534
3 30 90628
4 40 114102
5 50 152960
Figure 10: Standard Plasma curve of SHT
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Table 6: Standard plasma Noradrenaline estimation

S.No Noradrenaline concentration Peak Area
((ng/100ml)

1 10 18189

2 20 32878

3 30 54926

4 40 73102

5 50 89898

Figure 11: Standard plasma curve of Noradrenaline
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Figure 12: Standard linearity curve of GABA neurotransmitter
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Figure 13: HPTLC- 3D Image of standard GABA
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Figure 14: Estimation brain GABA level in rats

Control TIP39 1 nmol/rat

TIP39 10 nmol/rat
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Figure 15: Standard linearity curve of Glutamate neurotransmitter
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Figure 16: HPTLC- 3D Image of standard Glutamate
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Figure 17: Estimation of brain Glutamate level in rats

Control TIP39 1 nmol/rat

TIP39 10 nmol/rat
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1.3.Effect of TIP39 treatment on Plasma corticosterone level in rats

Table 7: Standard plasma Corticosterone estimation

S.No Corticosterone concentration Peak Area
((ng/100ml)
1 10 18828
2 20 42157
3 30 58952
4 40 75568
5 50 99160

Figure 18: Standard Plasma curve of Corticosterone
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Corticosterone(ng/ml)

wn

Fig 19. Effect of TIP39 treatment on Plasma corticosterone level in rats. All data expressed as mean+

SD, n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's

multiple comparison tests.

Table 8: Effect of TIP39 treatment on brain Acetylcholine esterase level in rats

S.No Treatment Change In Protein Rate of Enzymatic
Absorbance | Concentratio Activity
(AA/min) n (mg/ml) (umoles/min/mg
protein)
1 Control 0.04745 0.529 0.5146 x 10™
2 TIP39 1 nmol/rat 0.04733 0.524 0.5030 x 10
3 TIP39 10 nmol/rat 0.04732 0.521 0.5211 x 10™
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Figure 20: Effect of TIP39 treatment on brain Acetylcholine esterase level in rats
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Fig 20. Effect of TIP39 treatment on brain Acetylcholine esterase level in rats. All data expressed as

meant SD, n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis

Tukey's multiple comparison tests.

Figure 21: Histopathological evaluation TIP39 in rat’s brain
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Phase II: Neurochemical assessment and behavioural role of Tuberoinfundibular
Peptide-39 (TIP39) in acute restraint stressed rats

2.1. Effect of TIP39 on Elevated plus maze PM in ARS rats

There was a significant decrease in open arm entry (F (6, 35) = 18.1, p < 0.001)
and increase in closed arm entry (F (6, 35) = 21.2, p < 0.001) in ARS rats when compared
to control group in EPM model. Diazepam 2mg/kg significantly revered the ARS induced
changes in arm entries (F (6, 35) = 10.4, p < 0.001) when compared to ARS group.
Similarly, TIP39 (1nmol &10nmol) significantly reversed (F (6, 35) = 8.4, p < 0.01) the
ARS induced changes in open and closed arm entry. Dose dependent activity was not
observed in arm entry level.

In time spent response, ARS rats showed significant decrease in open arm (F (6,
35) = 9.1, p < 0.001) and increase in closed arm (F (6, 35) = 12.8, p < 0.001) when
compared to control group. Diazepam 2mg/kg significantly revered the ARS induced
changes in time spent (F (6, 35) = 8.9, p < 0.001) when compared to ARS group.
Similarly, TIP39 (1nmol &10nmol) significantly reversed the ARS induced changes (F
(6, 35) = 6.2, p < 0.01) in time spent in open and closed arm level. In addition to that,
Time spent was significantly altered dose-dependently. Moreover, administration of the
PTH2R antagonist (HYWH Inmol/rat) along with TIP39 did not show significant

changes in arm entry and in time spent as the comparison to ARS group. (Table 9)
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Table 9: Effect of TIP39 on EPM test in ARS rats

Treatment Number of entries Time spent (sec/6min)

(counts/6 min)

Open Arm Closed Arm Open Arm Closed Arm
Control 9.63+1.21 7.13+£0.63 62.54+15.1 193.26+21.32
ARS 3.32+0.73¢ 13.94+1.14° 21.37+7.83¢ 271.81+26.51°
Diazepam 2mg/kg | 9.54+1.11" 8.74+1.0° 64.64+10.35" 199.69+18.27

TIP39 1 nmol/rat | 7.2120.94*¥% | 10.2120.86™" | 44.28+9.42%F [ 234.294+25 36*YF

TIP39 1 nmol+ 4.4+1.14™ | 14.32+1.32°™" | 18.12+8.67™ | 263.61+30.41 ™

HYWH Ilnmol/rat

TIP39 10 7.86+1.32%* 9.12+0.82" 51.63+£9.11%* | 219.23+19.41*"

nmol/rat

TIP39 10 nmol+ | 4.31£0.94°™ | 14.91£0.91°™ | 26.25+7.81°™ | 251.41+£26.43 ™

HYWH Ilnmol/rat

Effect of TIP39 treatment on EPM in ARS rats. All data expressed as meant SD, n=6. Statistical
analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's multiple comparison
tests. Statistical significance * © denote p<0.05 and p<0.001 Vs control. ¥,” denotes p<0.01 and p<0.001 Vs

ARS. ¥, ™denotes p<0.05, p<0.01 and Vs diazepam 2mg/kg.

2.2, Effect of TIP39 treatment on FST in ARS rats

Two hours of ARS brought a depressive state in rats, which was quantified by
increased immobility time (F (6, 35) = 13.61, p < 0.01) in FST (Fig.22) in comparison to
control rats. Diazepam 2 mg/kg significantly decreased the immobility time when

compared to ARS group. Similarly, TIP39 1nmol &10nmol (F (6, 35) = 5.61, p < 0.05)
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significantly decreased the duration of immobility time when compared to ARS rats.
Moreover, administration of PTH2R antagonist (HY WH 1nmol/rat) along with TIP39 did
not showed significant (F (6,35) = 1.61, p>0.05) changes on immobility time as
comparison to ARS group. There was no dose-dependent activity was noted between the

TIP39 Inmol and TIP39 10 nmol treated group.

Immobility Time(sec)

Fig 22. Effect of TIP39 treatment on FST in ARS rats. All data expressed as mean+ SD, n=6. Statistical
analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's multiple comparison
tests. a, ¢ denote p<0.05 and p<0.001 Vs control. y,z denotes p<0.01 and p<0.001 Vs ARS. m denotes

p<0.01 and Vs diazepam 2mg/kg.

2.3. Effect of TIP39 treatment on brain and plasma neurotransmitters in ARS rats.
ARS group showed significant decrease in plasma SHT (F (6, 35) = 10.1, p <
0.001) and NA (F(6,35) = 13.2, p < 0.001) when compared to control group (Fig.23).
Treatment with Diazepam 2mg/kg significantly increased the plasma SHT and NA level
when compared to ARS group. Administration of TIP39 (1&10nmol) significantly
increased (F (6, 35) = 4.2, p < 0.01) the NA levels in plasma, where as TIP39 (1&10
nmol/rat) did not showed significant changes in plasma SHT level (F(6,35) = 0.46, p >

0.72) when compared to the ARS rats. interestingly, treatment with TIP39 1&10nmol and
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TIP39+HYWH (1nmol/rat) did not showed significant changes in plasma SHT and NA

level as compared to the ARS rats(F(6,35) = 1.06, p >0.05).

254
20+

5HT(ug/100ml)
3

3
NA (pg/100ml)

Fig 23. Effect of TIP39 treatment on Plasma SHT and Noradrenaline in ARS rats. All data expressed
as meant SD, n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis
Tukey's multiple comparison tests. Statistical significance a,c denote p<0.05 and p<0.001 Vs control. y, z

denotes p<0.01 and p<0.001 Vs ARS. k, 1, m denotes p<0.05, p<0.01, p<0.01 and Vs diazepam 2 mg/kg.

ARS exposure caused a significant increase in glutamate (F (6, 35) = 15.6, p
<0.001) and decrease in GABA (F (6, 35) = 11.3, p <0.001) activity in brain when
compared to control group (Fig.24). Treatment with Diazepam 2mg/kg significantly
reversed the ARS induced changes in glutamate and GABA level when compared to ARS
group. TIP39 doses, i.e., 1&10nmol significantly decreased the glutamate (F(6,35) =2.8,

p<0.05) and significantly increased the GABA (F(6,35) = 3.16, p <0.05) activity in brain;
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whereas TIP39+HYWH (1nmol/rat) did not showed significant changes in glutamate and
GABA activity when compared to the ARS rats (F(6,35) = 1.5, p >0.05). These
observations confirmed that TIP39 regulated NA, GABA, and glutamate through PTH2

receptor evident with the application of PTH2 receptor antagonist (HYWH).
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Fig 24. Effect of TIP39 treatment on brain Glutamate and GABA in ARS rats. All data expressed as
mean+ SD, n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis
Tukey's multiple comparison tests. Statistical significance a, b, ¢ denote p<0.05, p<0.01 and p<0.001 Vs

control. x, y denotes p<0.05, p<0.01 Vs ARS. m denotes p<0.001 and Vs diazepam 2mg/kg.

2.4. Effect of TIP39 treatment on Plasma corticosterone in ARS rats.

Shown in (Fig.25), ARS rats significantly increased (F (6, 35) = 15.2, p < 0.001)
the plasma corticosterone when compared to control group. Diazepam at the dose of
2mg/kg significantly decreased (F (6, 35) = 17.1, p < 0.001) the corticosterone levels in
plasma when compared to ARS group. Similarly, TIP39 both doses, i.e., 1&10 nmol/rat,

significantly decreased corticosterone (F (6, 35) = 8.61, p < 0.01) when compared to the
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ARS group. Treatment of HYWH (1nmol/rat) along with TIP39 (1&10 nmol/rat) did not
significantly altered (F (6, 35) = 1.81, p>0.05) the plasma corticosterone level as

comparable to ARS group.

Plasma corticosterone

Fig 25. Effect of TIP39 treatment on Plasma corticosterone in ARS rats. All data expressed as meanz+
SD, n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's
multiple comparison tests. All data expressed as Mean+ SD and statistical significance a,c denote p<0.05
and p<0.001 Vs control. y,z denotes p<0.01 and p<0.001 Vs ARS. k, m denotes p<0.05, p<0.001 and Vs
diazepam 2mg/kg.
2.5. Effect of TIP39 treatment on brain TIP39 expression in ARS rats.

Shown in (Fig.26), Upon 2 hrs of acute restraint stress induction, rats have shown
a significant decrease of TIP39 gene expression (F (2, 15) = 3.9, p <0.01) in brain tissue
when compared to normal rats. In contrast, upon half an hour of acute restraint stress

decreased the expression of TIP39 gene is observed when compared to normal rats; but

there were no significant changes were exhibited (F (2,15) = 2.16, p >0.05).
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Expression of TIP39
relative to GAPDH
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Fig 26. Effect of TIP39 treatment on brain TIP39 expression in ARS rats. All data expressed as meant

SD, n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's

multiple comparison tests. All data expressed as Meant SD and statistical significance ** denotes p<0.01

Vs control.

Figure 27: Effect of TIP39 treatment on plasma SHT in ARS rats by HPLC method.
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Figure 28: Effect of TIP39 treatment on plasma NA in ARS rats by HPLC method.

Standard NA curve Plasma NA curve
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Figure 29: Effect of TIP39 treatment on brain GABA content in ARS rats by

HPTLC method
e
Control CUMS
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Diazepam 2mg/kg TIP39 1nmol

TIP39 Inmol+ HYWH(1nmol) TIP39 10nmol

TIP39 10nmol+ HY WH(1nmol)
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Figure 30: Effect of TIP39 treatment on brain Glutamate content in ARS rats by

HPTLC method

Control CUMS

Diazepam 2mg/kg TIP39 1nmol

TIP39 Inmol+ HYWH (1nmol) TIP39 10nmol
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TIP39 10nmol+ HYWH (1nmol)

Figure 31: Effect of TIP39 treatment on Plasma corticosterone in ARS rats. By

HPLC

Control CUMS
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TIP39 10nmol+ HY WH(1nmol)

Phase I1I: Elucidation of role of TIP39 on chronic unpredictable mild stress-induced
HPA axis dysregulation, inflammation and oxidative damage in depressive rats
3.1. Effect of ICV administration of TIP39 on anhedonia model in CUMS rats

Sucrose preference test is a familiar model to distinguish the effect of drugs on
anhedonia during depressive condition (Fig.32). There was a gradual decline in the intake
of sucrose in subsequent weeks in all the groups. CUMS rats showed a significant
reduction in sucrose consumption as a comparison to control group. These changes
confirmed the state of depression in stressed rats.

Percentage reduction in sucrose intake was observed in normal (13%), CUMS
(54.8%), diazepam 2 mg/kg (19.3%) TIP39 1 nmol (26.5%) and TIP39 10 nmol (20.8%)
treated animals from 1% week to 4™ week. In week 3 and 4, there was a significant (F (4,
25) = 11.64, P < 0.001) reduction of sucrose intake in CUMS rats when compared to
control group. Diazepam 2mg/kg exhibited significant (F (4, 25) = 5.86, P < 0.01)

. . . d th .
increase in sucrose consumption on 3 and 4" week among rats subjected to stress as
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compared to CUMS group. Chronic treatment with TIP39 (1 nmol and 10 nmol)
significantly (F (4, 25) = 3.27, P < 0.05) increased the sucrose consumption when
compared to CUMS group. Dose dependent response was observed between the doses of

TIP39.
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Fig 32. Effect of TIP39 treatment on sucrose consumption in CUMS rats. All data expressed as meant
SD, n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's
multiple comparison tests. Statistical significance at 4™-week #, ##, ### denotes p<0.05, p<0.01 and
p<0.001 Vs control. *, ** *** denotes p<0.05, p<0.01 and p<0.001 Vs CUMS. $ denotes p<0.05, TIP39

Inmol Vs TIP39 10 nmol at 4™ week.

3.2. Effect of ICV administration TIP39 on Open field test in CUMS rats

CUMS rats exhibited decreased ambulation (F (4, 25) = 6.26, P<0.01) and rearing
(F (4, 25) = 11.5, P<0.001). Further it increased the grooming (F (4, 25) =10.02, P<0.001)
and time spend in central compartment (F (4, 25) = 4.8, P<0.01) when compared to
unstressed rats (Fig.33). Treatment with TIP39 (1 nmol & 10 nmol) significantly reversed

the stress-induced behavioral changes as observed by increased ambulation, rearing and
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decreased time spent in the central compartment when compared to the CUMS rats. No
significant changes were observed in grooming response after TIP39 administration in
comparison to CUMS rats. Results were compared with that of the standard drug

Diazepam 2 mg/kg (F (4, 25) = 5.6, P<0.01).
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Fig 33. Effect of ICV administration of TIP39 on Open field test. All data expressed as meant SD, n=6.

Statistical analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's multiple
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comparison tests. Statistical significance a, b, ¢ denote p<0.05, p<0.01 and p<0.001 Vs control. y, z denotes

p<0.01 and p<0.001 Vs ARS. k, 1 denotes p<0.05, p<0.01 Vs diazepam 2 mg/kg.

3.3. Effect of ICV administration of TIP39 on Forced swim test

Twenty-eight days of CUMS brought a depressive state in rats, which was
quantified by parameters such as increased immobility, dipping response and decreased
climbing response in FST in comparison to control rats (F (4,25) = 14, P<0.001). Fig.34
shows that the chronic administration of TIP39 1 nmol (F (4, 25) = 5.12, P<0.01) & 10
nmol (F (4, 25) = 9.24, P<0.001) in CUMS rats significantly reduced the duration of
immobility time as compared to CUMS rats. In the same manner, the number of jumping
responses increased (F (4, 25) = 6.3, P<0.01) and number of dipping responses decreased
(F (4, 25) = 4.61, P<0.01) significantly as compared to CUMS rats. A similar effect was
observed in diazepam (P< 0.001) at the dose of 2 mg/kg when compared to CUMS rats.
TIP39 (1&10 nmol/rat) dose dependently decreased the immobility time and dipping

response in CUMS rats.
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Fig 34. Effect of ICV administration of TIP39 on Forced swim test. All data expressed as mean+ SD,
n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's
multiple comparison tests. Statistical significance a, b, ¢ denote p<0.05, p<0.01 and p<0.001 Vs control. y,
z denotes p<0.01 and p<0.001 Vs CUMS. k, denotes p<0.01 Vs diazepam 2mg/kg. p, denotes p<0.05,

TIP39 1 nmol Vs TIP39 10 nmol

3.4. Effect of ICV administration of TIP39 on Tail suspension test

Shown in (Fig.28), Dose-dependent effects of TIP39 on the immobility period in the tail
suspension test are shown in (Fig. 35). CUMS-induced depressive rats exhibited a
significant (F (4, 25) = 7.65, P < 0.001) increase in immobility period as compare to
control group. Administration of Diazepam 2 mg/kg (F (4, 25) = 6.79, P < 0.001) in
CUMS rats significantly reduced the immobility time as compared to CUMS rats. Similar
type of results were observed in the TST in which TIP39 at doses of 1 & 10 nmol (F (4,
25) = 491, P < 0.01) significantly reduced the immobility period when compared to

CUMS group.
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Fig 35. Effect of ICV administration of TIP39 on Tail suspension test. All data expressed as mean+t SD,
n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's
multiple comparison tests. Statistical significance a, b, ¢ denote p<0.05, p<0.01 and p<0.001 Vs control. y,z
denotes p<0.01 and p<0.001 Vs CUMS. k, denotes p<0.05 Vs diazepam 2mg/kg. p denotes p<0.05, TIP39

1 nmol Vs TIP39 10 nmol

3.5. Effect of ICV administration of TIP39 on antioxidant biomarkers in prefrontal
cortex and Hippocampus

The effect of TIP39 on the hippocampus and prefrontal cortex antioxidant system

is shown in (Fig. 36 &37). From the results depicted, diazepam 2 mg/mg significantly

alters the oxidative parameters as compared to CUMS group in the hippocampus (F (4,

25) = 13.03, P < 0.001) and the prefrontal cortex (F (4, 25) = 4.72, P < 0.01). However,

CUMS rats showed a significant elevation in the MDA levels (F (4, 25) = 12.3, P <

0.001) and a significant turn down in the activities of SOD (F (4, 25) = 8.14, P < 0.001),
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CAT (F (4, 25) = 10.68, P < 0.001), and GSH (F (4, 25) = 9.12, P < 0.001) in the
hippocampus and the prefrontal cortex as compared to the control group.

ICV administration of TIP39 at doses of 1 nmol and 10 nmol showed significant
increase in the activities of SOD (F (4, 25) = 5.3, P < 0.01) and CAT F (4, 25) =3.6, P <
0.05), and GSH (F (4, 25) = 3.72, P < 0.05) as compared to CUMS groups in the
hippocampus and also treatment with TIP39 showed significant decline in the MDA (F
(4, 25) =4, P < 0.05) levels in the hippocampus. In the prefrontal cortex, TIP39 (1 nmol
& 10 nmol) exhibited significant increase in the activities of enzymatic SOD (F (4,25) =
3.9, P <0.05), CAT (F (4, 25) = 3.63, P < 0.05), GSH (F (4, 25) = 4.6, P < 0.01) and
significant decline in the MDA ((F (4, 25) = 6.9, P < 0.01) as compared to CUMS group.
Dose dependent activity was observed in all the antioxidant parameters except MDA in

prefrontal cortex. Similarly, except in CAT and MDA in hippocampus
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Fig 36. Effect of ICV administration of TIP39 on antioxidant biomarkers in the prefrontal cortex.
All data expressed as mean+ SD, n=6. Statistical analysis was carried out in one way ANOVA followed by
post hoc analysis Tukey's multiple comparison tests. Statistical significance a, b, ¢ denote p<0.05, p<0.01
and p<0.001 Vs control. x, y,z denotes p<0.05, p<0.01 and p<0.001 Vs CUMS. k, denotes p<0.05, Vs

diazepam 2mg/kg. P denotes p<0.05, TIP39 1 nmol Vs TIP39 10 nmol.

3.6. Effect of ICV administration of TIP39 on antioxidant biomarkers in
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Fig 37. Effect of ICV administration of TIP39 on antioxidant biomarkers in Hippocampus. All data
expressed as mean+ SD, n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc
analysis Tukey's multiple comparison tests. Statistical significance a, b, ¢ denote p<0.05, p<0.01 and
p<0.001 Vs control. x, y,z denotes p<0.05, p<0.01 and p<0.001 Vs CUMS. k, denotes p<0.05, Vs

diazepam 2mg/kg. p, denotes p<0.05, TIP39 Inmol Vs TIP39 10 nmol

3.7. Effect of ICV administration of TIP39 on proinflammatory markers

Upon CUMS induction, rats have shown a significant increase of IL-6, IL-1p3, and
TNF-a in brain tissue as compared to normal rats (F (4, 25) = 11.4, P < 0.001) (Fig.38).
No significant difference was observed in the levels of IL-6, IL-1B, and TNF-a between
diazepam treated rats and normal rats. However, diazepam 2 mg/kg had significantly (F
(4, 25) = 8.61, P < 0.01) reduced the IL-6, IL-1B, and TNF-a levels in the brain as
compared to CUMS rats. Chronic ICV administration of TIP39 1 & 10 nmol significantly
reduced the IL-6 (F (4, 25) = 3.25, P < 0.05), IL-1 B (F (4, 25) = 8.9, P < 0.001) and TNF-

a (F (4, 25) = 4.42, P < 0.05) levels in brain tissue as compared to CUMS induced rats
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(Fig.7). Dose dependent activity was observed between the TIP39 Inmol& 10nmol in IL-

6, IL-1P, and TNF-a levels in brain tissue.
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Fig 38. Effect of ICV administration of TIP39 on proinflammatory markers. All data expressed as
mean+ SD, n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis
Tukey's multiple comparison tests. Statistical significance a, b, ¢ denote p<0.05, p<0.01 and p<0.001 Vs
control. X, y, z denotes p<0.05, p<0.01 and p<0.001 Vs CUMS. k, I denotes p<0.05, p<0.01, Vs diazepam

2mg/kg. P denotes p<0.05,TIP39 1nmol Vs TIP39 10 nmol
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3.8. Effect of ICV administration of TIP39 on brain ATP content.

Shown in (Fig.39), Levels of energy molecule were studied after CUMS
induction. CUMS group showed significant decrease (F (4, 25) = 10.9, P < 0.001) in
brain ATP content when compared to control group. Administration of diazepam 2mg/kg
significantly F (4, 25) = 8.8, P < 0.001) reversed the CUMS induced brain ATP
deprivation as comparison to CUMS group. The chronic administration of TIP39 1 nmol
(F (4, 25) = 6.12, P<0.01) & 10 nmol (F (4, 25) = 8.24, P<0.001) significantly increased
the brain ATP content as compared to CUMS rats. TIP39 (1&10 nmol/rat) dose

dependently increased the brain ATP content in CUMS rats.

ATP(umoles/g tissue)

Fig 39. Effect of ICV administration of TIP39 on energy metabolite. All data expressed as meant SD,
n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's
multiple comparison tests. Statistical significance a, b, ¢ denote p<0.05, p<0.01 and p<0.001 Vs control. y,z
denotes p<0.01 and p<0.001 Vs CUMS. K denotes p<0.01, Vs diazepam 2mg/kg. p denotes p<0.05, TIP39

1nmol Vs TIP39 10 mol.
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Phase IV: Elucidation of the role of TIP39 in chronic unpredictable mild stress-
induced learning and memory impairment in rats.
4.1. Effect of TIP39 on Morris water maze Performance in CUMS rats

In MWM test, all the groups rapidly learned the location of the submerged hidden
platform and reached within 20 sec on day 6 of the trials, reflecting acquisition (learning).
All the rats showed a reduction in the escape latency time throughout the training period.
The rats significantly spent more time in the target quadrant when compared to other
quadrants indicated that memory or retrieval.

CUMS induction significantly reduced the time spent in the target quadrant (F (4,
25) = 13.4, P < 0.001) in rats during retrieval trial reflecting impairment of memory.
Diazepam 2mg/kg treatment showed significant increase (F (4, 25) = 9.21, P < 0.001) in
time spent in target quadrant in comparison with the CUMS rats. Treatment with TIP39 1
&10 nmol exhibited dose dependent increase (F (4, 25) = 7.32, P < (0.01) in time spent in
target quadrant in comparison to CUMS rats. (Fig.40)

The decreased time to reach the target quadrant indicates the memory of the
animal in searching missing platform. CUMS rats resulted in significant increase in time
taken to reach the target quadrant in comparison to control rats (F (4, 25) = 9.41, P <
0.001). Diazepam 2mg/kg treatment showed significant decrease (F (4, 25) = 8.24, P <
0.001) in time taken to reach the target quadrant in comparison to CUMS rats. Similarly,
TIP39 both the doses (1&10 nmol) exhibited decrease (F (4, 25) = 5.9, P < 0.01) in time
taken to reach the target quadrant in comparison to CUMS rats.

In addition to this, CUMS rats resulted in significant decrease (F (4, 25) = 11.24,

P < 0.001) in number of crossings of rats in the target quadrant in comparison to control
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rats. Treatment with diazepam showed a significant increase (F (4, 25) = 10.1, P <0.001)
in number of crossings in the target quadrant in comparison to CUMS rats. TIP39 (1&10
nmol) administered rats exhibited increase (F (4, 25) = 3.4, P < 0.05) in the number of

crossings in target quadrant in comparison to CUMS rats.
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Fig 40. Effect of TIP39 on Morris water maze Performance. All data expressed as meant SD, n=6.

Statistical analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's multiple
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comparison tests. Statistical significance a, b, ¢ denote p<0.05, p<0.01 and p<0.001 Vs control. x, y,z

denotes p<0.05, p<0.01 and p<0.001 Vs CUMS. k, denotes p<0.05, Vs diazepam 2 mg/kg.

4.2. Effect of TIP39 on Novel object Recognition test in CUMS rats

In NORT test, CUMS rats significantly increased the time to reach and decreased
the time spent with novel object (F (4, 25) = 7.9, P < 0.001); decreased time to reach and
increased time spent with familiar object (F (4, 25) = 6.8, P < 0.001) was observed when
compared to normal rats (Fig.41). Diazepam significantly reversed the CUMS induced
changes towards the familiar (F (4, 25) = 12.3, P < 0.001) and novel objects (F (4, 25) =
10.2, P < 0.001). TIP39 (1 &10 nmol) significantly decreased the time to reach and
increased the time to spent with novel object (F (4, 25) = 6.9, P < 0.01) and significant
increase in time to reach and decrease in time spent with familiar object (F (4, 25) = 5.7,

P <0.01) was observed as comparable to CUMS rats.
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Fig 41: Effect of TIP39 on Novel object Recognition test in CUMS rats. All data expressed as mean+
SD, n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's
multiple comparison tests. Statistical significance a,c denote p<0.05, and p<0.001 Vs control. y,z denotes

p<0.01 and p<0.001 Vs CUMS. p, q denotes p<0.05, p<0.01,familiar Vs novel at TIP39 10 nmol

4.3. Effect of TIP39 on Y maze performance in CUMS rats.

Y maze test is used to evaluate the spatial working and short term memory
performance. Shown in (Fig.42). ICV administration of TIP39 was examined on
Spontaneous alternative performance in Y maze. CUMS rats showed (F (4, 25) =17.9, P
< 0.001) decreased spontaneous alteration performance as compare to control group.
Treatment with diazepam 2 mg/kg (F (4, 25) = 14.2, P < 0.001) exhibited significant
increase in alteration performance in comparison with the CUMS group. Similarly, TIP39
1&10 nmol (P < 0.001) significantly increased (F (4, 25) = 5.9, P < 0.05) the Spontaneous

alternative performance when compared to CUMS group.
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Fig 42: Effect of TIP39 on Y maze performance in CUMS rats. All data expressed as mean+ SD, n=6.
Statistical analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's multiple
comparison tests. Statistical significance a, b, ¢ denote p<0.05, p<0.01 and p<0.001 Vs control. x, y,z

denotes p<0.05, p<0.01 and p<0.001 Vs CUMS.

4.4. Effect of TIP39 on mEPM in CUMS rats.

In mEPM test (Fig.43), CUMS rats significantly increased the transfer latency
time when compared to normal rats (F (4, 25) = 16.3, P < 0.001). Treatment with
diazepam (2 mg/kg) showed significant decrease (F (4, 25) = 11.6, P < 0.001) in transfer
latency as comparable to CUMS rats. Similarly, Administration of TIP39 (1 & 10 nmol)
significant decrease (F (4, 25) = 6.3, P < 0.01) in transfer latency as comparable to
CUMS rats. Dose dependent activity was observed between the TIP39 1 & 10 nmol

treated rats.
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wn

Transfer latency (sec)

Fig 43: Effect of TIP39 on mEPM in CUMS rats. All data expressed as mean+ SD, n=6. Statistical
analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's multiple comparison
tests. Statistical significance a, ¢ denote p<0.05 and p<0.001 Vs control. y,z denotes p<0.01 and p<0.001

Vs CUMS. k, denotes p<0.01,Vs diazepam 2 mg/kg. P denotes p<0.05,TIP39 1nmol Vs TIP39 10 nmol.

4.5. Effect of TIP39 on Acetyl cholinesterase activity in CUMS rats:

Upon CUMS induction, rats have shown significant increase of brain acetyl
cholinesterase activity (F (4, 25) = 5.6, P < 0.001) shown in Table (10). Diazepam at the
dose of 2mg/kg significantly (F (4, 25) = 4.2, P < 0.01) reduced AChE activity in
comparison with CUMS group and reaching near values to normal group. Dose
dependent activity was noted for TIP39 1&10 nmol (F (4, 25) = 3.8, P < 0.05) reflected

that significant reduction in AChE activity as compared to CUMS group.
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Table 10: Effect of TIP39 on Acetyl cholinesterase Activity

S.No | Treatment Change In | Protein Rate of Enzymatic
Absorbance | Concentrati | Activity

(AA/min) on (mg/ml) (umoles/min/mg

protein)
1 Control 0.05364 0.725 0.5446 x 10™
2 CUMS 0.08045 0.558 0.927 x 10
3 CUMS+ Diazepam 2 mg/kg | 0.02605 0.521 0.682 x 10™
4 CUMS+ TIP39 1 nmol/rat 0.06275 0.810 0.830 x 10
5 CUMS+ T1P39 10nmol/rat 0.04745 0.529 0.724 x 10™
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Fig 44: Effect of TIP39 on Acetylcholinesterase activity in CUMS rats. All data expressed as Mean+ SD
and statistical significance a, b, ¢ denote p<0.05, p<0.01 and p<0.001 Vs control. x, y,z denotes p<0.05,
p<0.01 and p<0.001 Vs CUMS. k, 1, m denotes p<0.01, p<0.05, p<0.01 and Vs diazepam 2mg/kg. p, q, r

denotes p<0.05, p<0.01 and p<0.001,TIP39 1nmol Vs TIP39 10 mol.
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4.6. Effect of TIP39 on GR/MR gene expression in CUMS rats.

ICV administration of TIP39 significantly altered the GR and MR expression in
brain after chronic stress for 28 days in rats. GR expression was significantly elevated in
rats treated with CUMS (F (4, 25) = 8.4, P < 0.001) when compared to control group. In
contrast, diazepam (2 mg/kg) treated rats significantly reversed the CUMS induced GR
elevation (F (4, 25) = 5.6, P < 0.001) in rats. Similarly, significant decrease (F (4, 25) =
3.6, P < 0.05) was noted on GR expression after TIP39 (1 & 10 nmol) administration in
comparison to CUMS group. In MR expression study, CUMS treatment significantly
reduced the MR expression (F (4, 25) = 4.3, P < 0.01) in rat brain when compared to
control group. Diazepam (2 mg/kg) significantly increased the MR expression in rat brain
(F 4, 25) = 3.2, P < 0.05) when compared to CUMS treated rats. On treatment with
TIP39 (1& 10 nmol), there is no significant changes were observed in comparison to
CUMS group (F (4, 25) = 2.1, P >0.05).

GR/MR ratio was calculated for all these groups (Fig.45). GR/MR ratio was
significantly elevated (F (4, 25) = 20.3, P < 0.001) in rats treated with CUMS as
comparison to control group. Standard drug diazepam (2 mg/kg) treated groups showed
significant decrease in GR/MR ratio (F (4, 25) = 15.4, P < 0.001) when compared to
CUMS treated group. Significant decrease of GR/MR ratio was noted after TIP39 (1& 10
nmol) administration (F (4, 25) = 6.7, P < 0.01) in comparison to CUMS group. Dose

dependent activity was observed between the TIP39 1 & 10 nmol treated CUMS rats.
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Fig 45: Effect of TIP39 on GR/MR gene expression in CUMS rats. All data expressed as meant SD,
n=6. Statistical analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's
multiple comparison tests. Statistical significance a, b, ¢ denote p<0.05, p<0.01 and p<0.001 Vs control. x,
y.z denotes p<0.05, p<0.01 and p<0.001 Vs CUMS. K denotes p<0.01, p Vs diazepam 2 mg/kg. p denotes

p<0.05TIP39 1nmol Vs TIP39 10 nmol.
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4.7. Effect of TIP39 on GAD enzyme activity by ELISA method

CUMS treated rats significantly decreased the brain GAD enzyme expression (F
(4, 25) = 14.7, P < 0.001) as compared to control group (Fig.46). Diazepam (2 mg/kg)
significantly increased the GAD enzyme expression (F (4, 25) = 9.8, P < 0.001) when
compared to CUMS group in cerebral regions. Similarly, treatment with TIP39
(1&10nmol) significantly increased (F (4, 25) = 5.3, P < 0.05) the GAD enzyme
expression in brain when compared to CUMS group in cerebral regions. Observations
reflected that TIP39 induced GAD enzyme activity indirectly involved in the conversion
of glutamate to GABA in the brain, which in turn resulted in stress relieving action in
rats. Dose dependently TIP39 1&10 nmol increased the GAD enzyme activity in rats

(p<0.05) as compared to CUMS group.
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Fig 46: Effect of TIP39 on GAD enzyme activity in CUMS rats. All data expressed as mean+ SD, n=6.
Statistical analysis was carried out in one way ANOVA followed by post hoc analysis Tukey's multiple
comparison tests. a, b, ¢ denotes p<0.05, p<0.01 and p<0.001 Vs control. x, y,z denotes p<0.05, p<0.01 and
p<0.001 Vs CUMS. k denotes p<0.01 Vs diazepam 2mg/kg, p denotes p<0.05, TIP39 1nmol Vs TIP39 10

nmol.

DEPT OF PHARMACOLOGY, PSG COLLEGE OF PHARMACY. 110



CHAPTER 6: RESULTS AND ANALYSIS

Figure 47: Histopathological evaluation of TIP39 on hippocampus in CUMS rats

TIP39 10nmol/rat
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Figure 48: Histopathological evaluation of TIP39 on prefrontal cortex in CUMS rats

Control CUMS
Diazepam 2mg/kg TIP39 1nmol/rat

TIP39 10nmol/rat
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DISCUSSION

1. Elucidation of Physiological role of Tuberoinfundibular Peptide 39 (TIP39) in
rats

In the present study we planned to elucidate the neuroendocrine role of TIP39 peptide in
anxiety, depression and memory markers with respect to the behavioural, neurochemical,
gene expression and morphological changes in pre frontal cortex and hippocampus
region. OFT and FST models were used to evaluate the exploration, locomotion, ability to
escape and state of depression and anxiety in animals which are in connection with
monoaminergic circuits [184]. In this line, we demonstrated that administration of TIP39
peptide in normal rats did not alter the ambulation, rearing, grooming and time spent in
central compartment in open field test; indicated that TIP39 did not alter the exploration
and motor function in normal rats. Similar type of result was obtained in FST model
replicating that no change in immobility time by TIP39 peptide as compared to normal
rats. It reveals that TIP39 did not influence the serotonergic and noradrenergic system in
normal rats [185] which are evident with the same study stating that the level of NA and
SHT in plasma was not changed after TIP39 (1nmol& 10 nmol) administration. Elevated
plus maze (EPM) was conducted particularly to evaluate the exploration and awareness
during anxiety [186]. TIP39 both the doses did not alter the number of entries and time
spent in open and closed arm in EPM model. These observations were in connection with
the GABA and glutamate release in brain which was not altered by TIP39 administration
in this study. MWM test was conducted to assess the spatial and working memory
performance in rats [187]. Both doses of TIP39 did not alter the time to reach the target

quadrant; time spent in target quadrant and number of crossings during the test session as
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compared to normal rats indicated that peptide did not involved in the spatial learning and
memory course in normal state which was evident with brain acetylcholine esterase
activity was not altered by TIP39 1& 10 nmol administration. From the above report we
conclude that TIP39 peptide administration did not produce any changes on behavioural,
neurochemical and brain morphology during the normal state of the animals.
I1. Neurochemical assessment and behavioural role of Tuberoinfundibular Peptide
39 (TIP39) in acute restraint stressed Rats.
Bounteous evidence demonstrated that stress is the key factor in the pathogenesis of
neuropsychiatric disorders including anxiety, depression, cognitive damage, insomnia and
anorexia [188]. In the present study, we demonstrated ARS exposure selectively
decreased TIP39 expression in rat brain, and that could mimic depression-like behaviour.
TIP39 could activate monoamine like noradrenaline, but not serotonin level in plasma
and we showed evidence for a GABA role in terms of controlling the glutaminergic
action.
In a pilot study, TIP39 expression was examined in normal and stressed rats. The animal
received 30 min of ARS did not establish the significant decrease in TIP39 expression as
compared to control group. In contrast, animal received 2h of ARS significantly
decreased the TIP39 expression, meant that severe stress has vital relation with the PTH2-
TIP39 system. Hence we had chosen 2h of ARS model, to assess the role of TIP39 in
depressive rats. In the same work, we further confirmed the relationship between a
PTH2R-TIP39 system and neurotransmitter release during stress by administering PTH2

agonist (TIP39) and with the PTH2 antagonist (HYWH). Moreover, our determinations
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are consistent with Usdin et al., indicated that TIP39/PTH2R knockout mice showed
depression-like behaviour [76]

An effect of TIP39 at the immobility time was studied in FST model which is been really
accurate and takes in the greater pharmacological sensitivity [75]. TIP39 at doses of
1&10 nmol/rat significantly decreased the duration of immobility. However, HYWH
treated animal did not demonstrate any real growth as compared to control group,
suggesting that TIP39 might potentially have antidepressant-like activity. This is the first
interactive study that verifies the antidepressant effect of TIP39 in ARS rats. The present
data were consistent with the report of LaBuda et al. indicates that TIP39 can decrease the
duration of immobility in the FST model [189].

The elevated plus maze was designed based on exploration and natural aversion of
rodents to open  spaces. EPM provided measures of two independent factors, one
reflecting anxiety by measuring open arm entries and time spent on the open arms and
another one reflecting motor activity by measuring number of open and closed arm
entries provided a better measure of motor activity [186]. In this study CUMS rats
exhibited significant decrease in open arm and increase in closed arm entry vice versa,
significant decrease in open arm and increase in closed arm in EPM model that was
reversed after administration of TIP39.This result was in accordance with the previously
reported study [190], indicating TIP39 improved the anxiety condition and motor
function.

Increased CORT level could cause depression-like behaviours that decrease hippocampal
neurogenesis [72]. Our results showed that decreased TIP39 expression could increase the

serum CORT, which suggests CORT might be involved in TIP39 related depression-like
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behaviour. A higher level of CORT and hyperactivity of HPA axis has been implicated in
the development of depression. In the present study, the ARS group showed a substantial
lift in the CORT level as compared to the control group, which was reversed after TIP39
administration, dose dependently. In contrast, our study report is inconsistent with
LaBuda et al., indicated that increased plasma CORT level after TIP39 infusion in the
PVN region [189]. This might be ascribable to the deviation in the volume of stress
applied. Nevertheless, the detailed mechanisms still need to be vigilant in future research.
Many written reports have publicized that Ventral hypothalamus (VH) had glutamatergic
input to the paraventricular hypothalamic nucleus (PVN), while PVN is liable for
coordinating the regulation of the HPA axis [191]. Consequently adaptations of CORT
and ACTH levels may be interrelated with the PVN, which is regulated by the VH
directly. Interestingly, neuroanatomical studies implicated that high-density TIP39 fibres
project widely in many limbic areas, including the PVN and several hypothalamic nuclei.
Earlier studies also implicated that TIP39 peptide potentially modulate the natural process
of the HPA axis during stressful condition [192].

Depression invariably accompanied by the reduction in 5-HT, NE, and DA level in the
blood and brain tissues which are in close relation with symptoms of depression [193]. In
the present work, we found that NE and SHT were significantly decreased in the ARS
group compared to control group. TIP39 administration significantly increased the NE
content when compared to ARS group which was not seen in HYWH treated groups. In
contrast, 5-HT levels were not significantly different among the treatment and ARS
groups, indicating that 5-HT levels in the whole brain were not significantly impressed.

Thus, this study linking that elevation of NE in the treatment group might be a cause for
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increasing ambulatory behaviour in OFT. An earlier study also has revealed that
TIP39/PTH2-R system potentially acting through central noradrenergic signalling
pathway [63]. With the aforementioned resolution, we could infer that the antidepressant-
like effect of TIP39 may be associated with modulation of the central noradrenergic
pathway.

Finding efficient therapy in challenging depression is very difficult may be due to
diversity in the origin of mood and mental disorders associated with different genetic and
environmental factors. Recent years, studies on depression have focused to a greater
extant on the glutaminergic role rather than the monoamines. Studies revealed that high
level of brain and plasma glutamate were found in the patient with depression. Also
established that inhibition of glutamatergic neurotransmission was strongly correlated
with the therapeutic action of a majority of antidepressant drugs [194]. Interestingly, in
whole brain tissue, TIP39 significantly reduced the glutamate level as compared to ARS
rats. In contrast, GABA content was significantly increased as compared to ARS rats,
which were not observed in rats treated with HYWH. Mathew SJ et al stating that
imbalance between the glutamate and GABA content in the brain can cause depression-
like behaviour which is coherent with the present study. These reports point towards the
importance of TIP39 in regulating the glutaminergic and GABAergic system. However,
our study report support the previous study implicated that TIP39 peptide can regulate
hypothalamic glutaminergic and inhibitory GABAergic neuron in the cerebral
region[195]. Recent studies have reported that, besides the limbic area, TIP39 are
abundantly expressed in other brain regions also [196]. Hence, this study suggests that the

curative role of TIP39 needs to be explored in other brain areas, equally well. This study
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provided the first evidence indicating that stimulating TIP39 expression can bring about

an antidepressant-like effect by modulating the monoaminergic, GABAergic and

glutaminergic release with the support of HPA axis.

III. Tuberoinfundibular Peptide of 39 Attenuates Chronic Unpredictable Mild
Stress Induced HPA axis Dysregulation, Inflammation and Oxidative Damage
in Depressive Rats

Research studies are focusing wide on stress induced neurological disorders on the basis

of nature and origin of the stress generation [197]. Stress is induced due to age, sex,

individual differences, types of stimulus, duration, and intensity of stressors in the
cerebral region [124,125]. Chronic stress can increase the vulnerability in hippocampus
and prefrontal cortex by altering the antioxidant defence system interactions closely with
the HPA axis [194]. After 28 days of CUMS induction, animals were examined through
the open field model. CUMS induced rats have shown decreased ambulation, rearing and
increased time spent in the central compartment reveals less exploratory behaviour and
increased grooming activity, that revealed the higher anxiety level, which is sensitive
towards serotonergic and noradrenergic activity [198]. The aforesaid activities were
reversed after the ICV administration of TIP39. In contrast, no significant changes were
observed in grooming activity. TIP39 was studied in the FST and TST models, which are
widely used preclinical models to examine antidepressant activity [199,200]. In the
modified version of FST model, together with the immobility time, jumping and dipping
response were recorded. The dipping and jumping response has connection with the drugs
that regulates serotonergic and noradrenergic transmission [201,202]. Decreased

Immobility time in TST represents the level of confidence in the animal to overcome the
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depressive state. In this study, both the doses of TIP39 significantly decreased the
immobility time ,dipping response and increased the jumping response. Similar types of
effects were also observed in TST in terms of decreased immobility time. Interpretation
of the above results shows TIP39 may regulate catecholamines in general to control the
symptoms like depression and anxiety. This study supports the earlier study reported that,
the TIP39 is potentially acting on central noradrenergic signalling pathway during
stressful conditions [203], implicating that TIP39 significantly increased the plasma
noradrenaline level. In contrast, serotonin level did not get altered in acute restraint
stressed rats after TIP39 administration. CUMS rats exhibited increased corticosterone
level in plasma, which indicates the depressive state of the rats, evident with Wang C et al
[203]. Elevation of plasma costicosterone level might be due to dysregulation of HPA
axis, which alters the neurochemical and biochemical activities [204]. The purpose of
elevation during stress is to maintain the energy levels by utilizing glucocorticoids for
demands and compensatory mechanism [205]. Interestingly, TIP39 reversed the elevation
of plasma corticosterone level in CUMS rats. The normalizing effect of TIP39 on plasma
corticosterone level indicated that, it may possess adaptogenic response in stressed rats.
This is due to the activation of hypothalamic glutaminergic neurons that facilitates TIP39
on HPA axis [206]. One of the core symptoms of depression is Anhedonia (decreased
responsiveness to rewards), which reduces the sucrose preference in depressive animals
[207]. This could be due to the alterations in HPA axis activity and it could be a root
cause for hypophagia (decreased food intake) [208,209]. In the four weeks study, gradual
decline in sucrose consumption was observed in all the groups and this is might be due to

the taste familiarity. Administration of anti stress drug (diazepam 2mg/kg) markedly
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increases the sucrose intake in CUMS rats. This could be due to the reduction of stress
[75, 210]. In same manner, TIP39 dose dependently increased the sucrose intake in
CUMS rats, which was not observed in CUMS alone treated rats.

It was observed that induction of chronic stress causes major cell injury provoked by the
lipid peroxidation in cell membrane due to release of reactive oxygen species (ROS) such
as superoxide anion, hydrogen peroxide, and hydroxyl radical [211]. As the ROS content
increases, mitochondria complex get damaged led to deprivation of energy molecule such
as ATP. The decreased activities of mitochondrial complexes and the impaired function
of energy regularization further increased the ROS production in the affected system
[212]. Administration TIP39 increased the brain ATP content in the stressed rats by
reducing the hydrolysis of ATP to ADP in extracellular membrane. This statement
supports the earlier study stating that CUMS potentially disturbed the ATP generation in
varies preclinical models (101).

In the present study, the daily exposure of rats to different stressors for 4 consecutive
weeks significantly increased the marker of oxidative stress (LPO) and reduced the
endogenous antioxidant level (SOD, CAT, and GSH) confirming that CUMS triggers free
radical generation in hippocampus and prefrontal cortex [213,214]. Simultaneous
treatment with TIP39 rescued CUMS induced disproportion by normalizing SOD, CAT,
GSH, and lipid peroxidation marker (MDA). TIP39 administration for four weeks
increased the SOD, CAT, GSH levels and reduced the production of MDA, which
indicates the inhibition of lipid peroxidation. Many researchers demonstrated that,
chronic stress increased the production of IL-6, IL-1p, and TNF-a level that induced pain

perception due to glucocorticoid resistance action. This similarly reduced the competence
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of glucocorticoids to suppress cytokine production [215]. Subsequent administration of
TIP39 in CUMS rats significantly reduced the proinflammatory cytokine levels. This is
due to the guarding role of TIP39 by maintaining the central sensitization mechanism
[216]. We also believe that suppression of proinflammatory cytokine by TIP39 peptide
possibly due to the diminution of oxidative damage.
IV. Elucidation of role of TIP39 in chronic unpredictable mild stress-induced
learning and memory impairment in rats.
The impact of chronic stress on cognitive performance is thought to be depend on
biological and chronobiological factors [217]. In this line, stress predictability also
modulates these effects. For instance, it was reported that the implementation of
predictable stressors enhances cognitive performance. In contrast, implementations of
unpredictable stressors have shown impairment of cognitive performance [180, 218].
In the present study we proposed to assess the potential effect of TIP39 peptide treatment
on spatial working memory, short term memory and recognition memory in CUMS rats.
We demonstrated that chronically induced unpredictable mild stress for 28 days exhibited
impaired spatial working memory in Morris water maze task. Furthermore, CUMS rats
resulted in short term memory impairment in Y maze task and deficit in recognition
memory performance in the NORT task. The obtained data were consistent with the
previous reports suggesting that deterioration of learning and memory performance in
CUMS models [181, 219].
In order to check the spatial working memory on MWM, during the training session,
invariably all the rats in the group were allowed to swim and reach the platform from day

one to six. The time interval to reach the platform was noted. It reveals that repetitive
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investigation of same event could improve the learning and memory performance in naive
animals [220]. During the test session, in CUMS induced rats decreased the time spend
and number of crossing of target quadrant and increased the time to reach target quadrant
[221]. Chronic administration of TIP39 peptide potentially reversed the CUMS induced
spatial learning and working memory impairment in MWM task as revealed by increasing
time spend and crossing the target quadrant and decreased the time to reach target
quadrant.

Percentage spontaneous alternation performance was significantly reduced in CUMS rats.
It point towards the deterioration of short term memory processing in rats. In this study
TIP39 peptide dose dependently ameliorated the CUMS induced changes in rats by
increasing the spontaneous alternation performance indicated that rodents showed more
willingness to explore new environments with acquired memory in Y-maze task [62].
This study strongly support the previously reported study, demonstrated that mice lacking
TIP39 signalling or TIP39 knockout resulted in decreased spontaneous alternation
performance during the novelty induced arousal condition [229].

Fear related memory performance was evaluated in modified elevated plus maze task,
decrease in transfer latency indicated improvement of memory and vice versa. In this
study, CUMS rats significantly increased transfer latency time as reported before [196].
In contrary, both doses of TIP39 significantly reversed the CUMS induced changes on
transfer latency time in rats. Improvement of memory performance possibly due to fear
reliving role of TIP39 which was demonstrated in our pervious study report [222].

In order to study the discriminating ability of rodents in normal and abnormal

neurological condition, animals were explored to NORT task [223]. Studies also
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demonstrated that stressful condition could produce anxiety like behaviour even in
familiar environment [224]. In our study, stressed rats exhibited greater time spent with
familiar object than novel object vice-versa more time taken to reach the novel object
than familiar objects; replicating the previously reported cognitive deficit model [225].
TIP39 treated rats showed spontaneous tendency to spend more time with a novel object
than a familiar object. From these report, we can conclude that development of cognitive
functionality was improved in rodents after TIP39 treatment. This might be due to
anxiolytic property of TIP39 peptide led to improvement in working and short term
memory performance [226]. Furthermore, this study supports Usdin et al, demonstrated
that TIP39-PTH2R knockout mouse less explored to novel object than in wild type mouse
[227].

Acetylcholine is an important neurotransmitter that governs vital aspects of memory and
other cognitive functions. The hippocampus, amygdala and cortical regions of the brain
are mainly involved in cholinergic transmission to monitor learning and memory
processing [228]. Dysregulation of the cholinergic neuronal pathway and memory circuits
in the central nervous system; might result in serious impairment in acquisition,
immediate retention, working memory [229]. In this study, CUMS was found to
significantly elevated the acetylcholine esterase activity (AChE), an enzyme responsible
for degradation of acetylcholine. This increased AChE activity was significantly reversed
after TIP39 administration. These observations suggest that TIP39 peptide has role on
modulation of cholinergic neurotransmission and/or prevention of cholinergic neuronal
loss. Studies also demonstrated that persistent induction of stress in response to

degradation of acetylcholine and increase the level of AChE enzyme, further responsible
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for the production of oxidative stress and pro-inflammatory mediator’s viz., cytokines
and further activation of these cells [230]. This statement strongly support our previous
report stating that TIP39 dose dependently reduced the oxidative stress markers and
proinflammatory cytokine levels in brain tissue.

Prolonged stress significantly affects HPA axis function that could increase the plasma
corticosterone produces memory impairment and reduced the dendrite spine density
which has been considered as important clinical marker in learning and memory circuit
[231]. Studies also have suggested that elevated corticosterone reduces the hippocampal
neurogenesis and its volume [232,233]. In the present study TIP39 treatment markedly
reduced the CUMS induced CORT elevation, this might be due to facilitatory role of
TIP39 on HPA axis regulating through hypothalamic glutaminergic neurons [234]. This
study result consistent with our previous report revealed that, even lower dose of TIP39
significantly decreased the CORT level on acute restraint stress model.

Prolonged elevation of glucocorticoids by chronic stress is very well known to cause
depression that could alter the cognitive process [235]. Studies demonstrated that
glucocorticoid and its receptors exerts differential role on cognition, particularly on
memory performance. In fact, it has been proposed that glucocorticoids have a
dissociative impact on memory consolidation and retrieval [236]. Chronic stress causes
imbalance in glucocorticoid and mineralocorticoid receptor expression in brain tissues;
this may be due to either over activation of HPA axis or continuous stimulation of
NMDA receptor [138]. This statement was accordance with this study reports stated that
CUMS rats showed remarkable increase in corticosterone release that increased the

expression of glucocorticoid receptor which was reversed after TIP39 administration. In

DEPT OF PHARMACOLOGY, PSG COLLEGE OF PHARMACY. 124



CHAPTER 7: DISCUSSION

contrast, TIP39 did not alter the mineralocorticoid receptor expression in brain. However,
the ratio of GR/MR expression was maintained dose dependently after TIP39
administration in CUMS rats.

Chronic stress can modulate the release of glutamate and GABA, the principal
excitatory and inhibitory neurotransmitters in the brain respectively, are highly complex
in which alters the neuronal and glial metabolism that could affect again glutamate and
GABA release by GAD (Glutamate alpha decarboxylase) enzyme; responsible for the
conversion of glutamate to GABA in neurons[141]. In this study CUMS rats exhibited
significant increase in brain glutamate and decrease in GABA. This report was in line
with the previously reported studies showed that ratio of glutamate/GABA was found
abnormal in clinical and preclinical models [142]. Increased glutamate level was
associated with reduced GAD activity, while enhanced GAD activity in the cerebral
region may account for the increase in GABA levels [143]. While TIP39 was associated
with a considerable increase in GAD enzyme activity which is in relation with marked
decrease in the glutamate level in the brain of CUMS exposed rats.

Studies are stating that, histopathological features of CUMS inducted rats showed
cellular infiltration, neuronal loss, cytoplasmic vacoulation, chromatin condensation,
ghost cells in cerebral cortex, odema, hemorrhage, and gliosis [59]. Our results, on
microscopical examination of prefrontal cortex and hippocampus on CUMS rats, showed
adverse effects at subcellular level which includes changes in structure of cerebral cortex
caused gliosis and lympocytic infiltration; changes in hippocampus causing neuronal cell

loss ,vacoulation and disruption of cell membrane. Treatment with TIP39 showed
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reduction in the lymphocytic infiltration and no gliosis in cerebral cortex, reduced
neuronal cell loss and no vacoulation was seen in hippocampus region.

From this study it was clearly evident that TIP39 peptide normalized the stress mediated
temporary deregulation of behavioural, acetylcholine esterase activity, Glu/GABA release
in relation with GAD activity and in GR/MR expression ratio in brain; along with the
structural improvement on prefrontal cortex and hippocampus in cerebral region. Further
this study provided an insight into the central mechanisms responsible for learning and

memory improving and neuroprotective role of TIP39 peptide.
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SUMMARY AND CONCLUSION

The objective of the present study is to elucidate the neuroendocrine role of TIP39
peptide in anxiety, depression and memory model with respect to the behavioural,
neurochemical, gene expression and morphological changes in rats. In normal rats, ICV
administration of TIP39 did not alter the behaviour, physiology and morphology
demonstrating that administration TIP39 peptide did not influence the anxiety, depression
and memory markers during the normal state. From the interactive study, PTH2R
antagonist was used to study the role of TIP39 in ARS model; TIP39 significantly
increased the NA and GABA release and significantly decreased the glutamate and
CORT level in brain and plasma of ARS rats. This was reversed after PTH2R antagonist
administration, indicating that TIP39 has direct role on noradrenergic,
glutaminergic/GABAergic and HPA axis system through PTH2 receptor. CUMS rats
exhibited significant reduction in sucrose intake, is a potential predictor of depressive
state, led to cause energy deprivation, HPA axis abnormality, oxidative damage and
inflammation. In this line, TIP39 both the doses (1 nmol & 10 nmol) effectively reversed
the CUMS induced abnormalities. In addition to that, TIP39 effectively increased the
GAD enzyme activity and decreased the acetyl cholinesterase activity in CUMS rats.
CUMS induced abnormality in mineralocorticoid (MR) and glucocorticoid receptor (GR)
gene expressions were significantly reversed after TIP39 administration. Moreover,
TIP39 both the doses effectively improved the CUMS induced neurodegeneration in

hippocampus and prefrontal cortex region.
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Figure 49: Mechanism of TIP39 Peptide
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IMPACT OF THE STUDY

% In this study, we found that TIP39 was acting through neurological and
endocrinological pathway (bi-directionally) during the stressful condition; which
is novel and unique to this study. Because of many existing therapies in the
treatment of stress exhibited unidirectional approach which was not satisfactory
still, since because stress is generated by both brain and endocrine system.

% Moreover, TIP39 did not produce any effect in normal state and it is involved
only in pathological condition, hence clinically it can be used as a diagnostic

marker in the treatment of stress and stress associated disorders.
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Abstract

Objective: Tuberoinfundibular Peptide of 39 (TIP39) is a potent agonist to the parathyroid
hormone receptor 2 receptor (PTH2R) abundantly expressed in brain. The current study
focused to evaluate the role of TIP39 in acute restraint stress (ARS) induced depression
model. Methods: Rats were exposed to acute restraint stress for 2 hr to establish the
depression and then subjected to open field and forced swim test. TIP39 (1&10 nmol/rat) and
HYWH (1nmol/rat) is a PTH2R antagonist were infused through Intracerebroventricular
(i.c.v) route. Diazepam (2 mg/kg, i.p) was utilized as reference standard. Results:The results
depict, ARS significantly diminished the TIP39 expression in cerebral regions, causes
depression like behaviour. TIP39 significantly decreased the immobility period in forced
swim test (FST). In the open field test (OFT), TIP39 significantly increased the ambulatory
activity and did not alter the rearing and grooming activity in comparison to ARS group.
After TIP39 treatment, plasma noradrenaline levels were significantly increased, whereas the
serotonin levels were unaltered. The corticosterone (CORT) levels also decreased
significantly. In rat brain tissues, TIP39 significantly reversed the abnormalities in glutamate
and GABA level by ARS induction. In contrast, HYWH treated rats did not show any
significant variations in the neurochemical and behavioural parameters in comparison to ARS
rats. Conclusion: Our reports submitted the primary evidence depicting the stimulation of
TIP39 expression could modulate the monoaminergic, GABAergic and glutaminergic release
with the support of HPA axis that can be produced an antidepressant-like effect evident with
the interactive study.

Key words: TIP39; acute restraint stress; HPA axis; Glutamate; GABA; Noradrenaline
INTRODUCTION

The stress involved in the genesis of depression and is considered a paramount factor. It is
estimated that depression will be the second most prevalent disease throughout the
world[1].Agreeing to a story from WHO, approximately 300 million people all over the
world suffer from depression and is forecast to grow by 15% by the year 2020[2]. TIP39 is a
neuroendocrine hormone, acting through PTH2 receptor that potentially regulates HPA axis
system. Studies proposed that TIP39 induces fos gene expression in the infralimbic cortex,
preoptic area, lateral hypothalamus, lateral septum, and paraventricular thalamic nucleus;
areas believed to be imperative in anxiety and depression[3]. Mice lacking TIP39 or PTH2R
signalling significantly displayed increased anxiety, depression, also exhibited fear memory
after exposure to an aversive event[4]. Many hypotheses postulated regarding the

pathophysiological base of depression results from lack of monoamine neurotransmitter, 2)



imbalance in Glutamate and GABA level in brain 3) over activation of the HPA axis. In
depression, monoamine pathway is seen as the primary pathway embattled by most of the
currently available depression therapies [5]. HPA axis hypothesis, which acts as a central part
in mediating the responses to various stressful stimuli [6]. Exposure of acute restraint stress
can activate the HPA axis, resulting in higher blood levels of corticosterone (CORT) and
dysregulates circadian rhythm of CORT secretion. This cascade of event finally stimulates
the over expression of glucocorticoids receptors in the hippocampus, which in turn cut the
size and functionality of hippocampus. The revival of HPA axis activity has been seen as an
indicator of improvement in depression. Studies also proposed that therapy of depression
based on the serotonergic and noradrenergic mechanism effectively controls the channels of
the HPA axis function [7]. In this setting, extensive research suggests that, studies on
depression have shifted from monoamines toward other mechanisms, including glutaminergic
neurotransmission[8]. About 80% of neurons in brain found to have glutamate, which is
considerably more than monoamines. Glutamate is the major excitatory neurotransmitter
which is in a balance with inhibitory neurotransmitter gamma-amino butyric acid
(GABA)[9]. Emerging evidence hold up the deficits of GABAergic transmission is also a
major cause for stress-induced depression. Also found that downstream modification in
GABAergic activity with the currently available monoaminergic antidepressants, suggesting
that deregulation of Glutamate and GABA system is involved in the pathogenesis of
depression[10]. Though TIP39 have possible relation to the pathogenesis of depression, no
direct evidence to authenticate the functional correlation of TIP39 and depression caused by
stress. With the hold of optimistic regulation of TIP39, for the first time, this study point
towards a specific neurotransmitter involvement in ARS rats, with the support of PTH2
receptor agonist and antagonist.

MATERIALS AND METHODS

Chemicals and reagents: TIP39 peptide purchased from Life Technologies Pvt Ltd, India.
HYWH, PTH2R antagonist synthesised from Biomolecules Midwest Inc.USA. Serotonin
(5HT), L-Glutamic acid and GABA were purchased from sigma, USA. Noradrenalin (NA)
was received as gift sample from Neon lab, India. All other chemical, reagents and solvents
were of analytical grade.

Animals: Male Sprague Dawley rats (150-200g) were obtained from PSG IMS&R
(205/2013/TAEC). Experiment was performed according to the experimental protocol
approved by the institutional animal ethics committee (IAEC). Rats were maintained in a

separate cage (6 animals per cages) with standard diet. Animals were housed under room



temperature (25 £+ 2° C), 12/12 hr light-dark cycle, humidity (55+5%) according to CPCSEA
guidelines and guide for the care and use of laboratory animals.

Surgical procedure and drug treatment: TIP39 peptide was infused through intra-
cerebroventricular route over 5 min. stereotoxic surgery was made seven days before the test
and standard drug administration. Rats were anesthetised with ketamine (80 mg/kg, i.m.)
xylazine (10 mg/kg,i.m.). Guide cannulae (Stailess steel (OD 0.64 x ID 0.45) RWD Life
Science Co Ltd, China) was implanted in the right lateral ventricle at pre-established
coordinates, anteroposterior, 0.2 mM from bregma; lateral, 1.5 mM; and vertical, 4.2 mM,
and kept under controlled temperature in an individual cages [11].

Behaviour study

The animal behaviour was assessed in an open-field apparatus made of plywood, consisted of
a floor (96 x 96 cm) with high walls. The entire apparatus was painted black except for 6 mm
thick white lines which divided the floor into 16 squares. Experimental animals were placed
in the centre of an open box and allowed for free exploration. Behavioural parameters were
quantified, such as ambulation, rearing and grooming for 5 min [12]. With the slight
modifications of FST was conducted. Rats were allowed to swim individually in a transparent
glass vessel (45cmX12cmX45cm) with water filled to 30 cm [13]. 24 h before start of the test
session, Animals were allowed to swim for 10 min as training. The duration of immobility
was observed for five min in a six min test session. Rats were considered as immobile when
they made no attempts to escape.

SHT and Noradrenalin estimation in plasma

Blood samples were collected and mixed with 10% sodium citrate solution and then
centrifuged at 3000 rpm for 10 min. supernatant liquid was collected and stored at —10 °C for
estimation of SHT and noradrenaline by HPLC systems using Electro chemical detector
(shimadzu LC) [14] .

Glutamate and GABA estimation in brain tissue

Brain samples were isolated and homogenised in 0.1 N HCI in 80% ethanol (10 mg
tissue/200 pl) and centrifuged at 4500 rpm for 20 min at 25 °C. The supernatant was
collected and estimated by HPTLC (CAMAG version 1.3.4, USA). at 486 nm. Standard
solutions of L-glutamic acid (20-200 ng/spot) and GABA (5-80 ng/spot) were prepared for
plotting the calibration curve.[15]

Estimation of CORT

Immediately after the stress protocol, animals were sacrificed by decapitation and blood was

transferred to sodium citrate and centrifuged at 2000 rpm for 20 min. Plasma was separated



and aliquots were stored at —80°C for CORT estimation by HPLC/UV system according to
Ahmad A et al. [16]

Measurement of TIP39 expression by Polymerase Chain Reaction

The Cells were lysed using TRI reagent (Sigma-Aldrich) and the total RNA was extracted
and quantified by NanoDrop (Thermo Scientific Wilmington, DE, USA) and whose 260/280
ratio found >1.8, were used for cDNA conversion (Applied Biosystems, USA). Primer
sequences were synthesized at Sigma-Aldrich, MO, USA. The primer sequence is Forward:
5’-GCTTCTGGGTGTGATGGTGA-3, Reverse: 5’-AGCAGCAAAAGCAGCAGCAG-3’.
PCR reactions were run in qPCR (Applied Biosystems, USA) system. Reactions were
initiated with denaturation at 95 °C for 30s, followed by 40 cycles of two-step reaction,
denaturation at 95 °C for 5s, and annealing and extension for 30s. [17]

Statistical analysis

Data were expressed as Mean + SEM and one way analysis of variance (ANOVA) followed
by post hoc analysis Tukey’s multiple comparison tests was used to analyse the data. P<0.05,
considered as statistically significant. Data were analysed using Graph Pad Prism, 4.03 (La
Jolla, CA. USA).

RESULTS

Effect of PTH2 R agonist and antagonist in Open field exploratory behaviour test

As shown in (Table 1), no significant changes in open field exploratory behaviour were
observed following either TIP39 or HYWH administration in ARS rats. ARS inducted rats
exhibited significantly decreased ambulation (F(6,35)=4.2, p<0.01), rearing (F(6,35)=7.08,
p<0.001) and increased grooming (F(6,35)=2.81, p<0.05) response compared to control and
Diazepam 2 mg/kg treated rats. Treatment with TIP39 (1&10nmol/rat) and TIP39+HYWH
(Inmol/rat) did not show significant changes in rearing (F (6,35) = 1.52, p>0.05) and
grooming (F(6,35) =0.09, p>0.05)as compared to the ARS rats but not in ambulation (F(6,35)
=1.8, p<0.05) on TIP39 (1&10nmol/rat) treatment.

Table 1: Effect of TIP39 treatment on OFT & FST in ARS rats

Groups Open field exploratory Behaviour Behavioural

despair activity

Ambulation Grooming Rearing Immobility time




Control 39+2.2 13.5+2.8 22.8+3.1 81.5+13.1
ARS 16.1+4.5" 2243.6" 14.3+1.5" 169.8+24.8"
Diazepam 2mg/kg ~ 27.3+2" 15.8+1.6" 18.6+2.5"" 109.8+15.8"
TIP39 1 nmol/rat 23.8+1.4° 22.3+1.8 1542 135.1+13.7"
TIP39 1 nmol+ 15+1.4 22.6+1.8 13.6+1.6 162+15.2
HYWH Inmol/rat

TIP39 10 nmol/rat ~ 25.6+2" 22.3+1.6 14.842.1 119.5+10.6™
TIP39 10 nmol+

HYWH Inmol/rat  17.8+1.8 21.1+1.7 13.3+1.6 162.618.6

Values are expressed in mean + S.D, n=6. One way ANOVA followed by post hoc analysis
Tukey’s multiple comparison tests. #,##,### denotes ARS Vs control rats p<0.05, p<0.01 &
p<0.001 respectively. *, ** *** treatment Vs ARS, p<0.05, p<0.01 & p<0.001 respectively.
Effect of PTH2 R agonist and antagonist in Forced swim test

The obtained results showed that ARS group significantly (F (6, 35) = 13.61, p < 0.01)
increased the immobility time as compared to Control and Diazepam 2 mg/kg treated rats.
TIP39 both doses, i.e., 1&10 nmol/rat, significantly decreased immobility time as compared
to the ARS group (F(6,35) =5.61, p < 0.05, F(6,35) =9.02, (p <0.01). Treatment of HYWM
(Inmol/rat) along with TIP39 (1&10 nmol/rat) did not significantly alter the total immobility
time in the forced swim test as comparable to ARS group (F(6,35) = 1.61, p>0.05, F(6,35) =
2.1, (p >0.05) (Table 1)

Effect of PTH2 R agonist and antagonist in plasma SHT and NA level

Shown in (Fig.1A & 1B), ARS group showed significant decreased level of plasma SHT
(F(6,35) =10.1, p < 0.001) and NA (F(6,35) = 13.2, p < 0.001) as compared to control group.
Treatment with TIP39 (1&10nmol) significantly increased the NA level in plasma(F(6,35) =
4.2, p <0.01, F(6,35) = 6.1, p < 0.01), where as TIP39 (1&10 nmol/rat)+HYWH (Inmol/rat)
did not show significant changes in NA level as compared to the ARS rats. In contrast,
Treatment with TIP39 1&10nmol (F(6,35) = 0.46, p > 0.72) and TIP39+HYWH (1nmol/rat)
did not show significant changes in plasma SHT level as compared to the ARS rats (F(6,35) =
1.06, p >0.05).

Effect of PTH2 R agonist and antagonist in brain Glutamate and GABA activity

As shown in (Fig.1C&1D), ARS exposure caused a significant increase of glutamate (F(6,35)
= 15.6, p <0.001) and decrease of GABA (F(6,35) = 11.3, p <0.001) activity in brain tissue

when compared with control group. Diazepam 2 mg/kg treated rats. with TIP39 doses, i.e.,



1&10nmol significantly decreased the glutamate (F(6,35) =2.8, p<0.05, F(6,35) = 3.6, p
<0.01) and significantly increased the GABA ((F(6,35) = 3.16, p <0.05, F(6,35) = 5.3, p
<0.01) activity in brain, where as TIP39+HYWH (I1nmol/rat) did not show significant
changes in glutamate and GABA activity compared to the ARS rats (F(6,35) = 1.5, p >0.05).

5HT(ug/100ml)
NA (ug/100ml)

*
*
*

GABA (pmoll/g)

Glutamate(pmol/g)

Fig 1: Effect of TIP39 treatment on neurotransmitter level in ARS rats

values are expressed in Mean + SD, n=6. One way ANOVA followed by post hoc analysis
Tukey’s multiple comparison test. ### denotes ARS Vs control, p<0.001. *#* *** denotes
treatment Vs ARS, p<0.05, p<0.01 & p<0.001 respectively.

Effect of PTH2 R agonist and antagonist in CORT level

ARS group significantly (F (6, 35) = 15.2, p < 0.001) increased the CORT as compared to
Control group. Diazepam at the dose of 2mg/kg significantly decreased the CORT when
compared to ARS group (F(6,35) = 17.1, p < 0.001). Similarly, TIP39 both doses, i.e., 1&10



nmol/rat, significantly decreased CORT as compared to the ARS group (F(6,35) = 8.61, p <
0.01, F(6,35) = 13.02, (p < 0.001). Treatment of HYWM (Inmol/rat) along with TIP39
(1&10 nmol/rat) did not significantly alter the CORT in the plasma (F(6,35) = 1.81, p>0.05,
F(6,35) =2.6, (p >0.05) as comparable to ARS group. (Fig. 2)

_

Plasma corticosterone

.

Fig 2: Effect of TIP39 on plasma CORT in CUMS rats

Values are expressed in Mean = SD, n=6. One way ANOVA followed by post hoc analysis
Tukey’s multiple comparison test. ### ARS Vs control rats, p<0.001 respectively. **. *#**
Treatment Vs ARS rats, p<0.01 & p<0.001 respectively.

Estimation of TIP39 expression in rat brain by polymerase chain reaction

Upon 2 hr of acute restraint stress induction, rats have shown significant decrease of TIP39
gene expression in brain tissue as compared to normal rats (F(2,15) = 3.9, p <0.01). In
contrast, upon half an hour of acute restraint stress decreased expression of TIP39 gene was
observed as compared to normal rats but there were no significant (F(2,15) = 2.16, p >0.05)

differents were exhibited. (Fig. 3)
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Fig 3: Expression of TIP39 in brain by polymerase chain reaction

Values are expressed in Mean = SD, n=6. One way ANOVA followed by post hoc analysis
Tukey’s multiple comparison test. ** denotes control Vs ARS, p<0.001.

DISCUSSION

Bounteous evidence demonstrated that stress is the key factor in the pathogenesis of
neuropsychiatric disorders including anxiety, depression, cognitive damage, insomnia and
anorexia [18]. In the present study, we demonstrated ARS exposure selectively decreased
TIP39 expression in rat brain, and that could mimic depression-like behaviour. TIP39 could
activate monoamine like nor adrenaline, but not serotonin level in plasma and we showed
evidence for a GABA role in terms of controlling the glutaminergic action.

In a pilot study, TIP39 expression was examined in normal and stressed rats. The animal
received 30 min of ARS did not establish the significant decrease in TIP39 expression as
compared to control group. In contrast, animal received 2h of ARS significantly decreased
the TIP39 expression, meant that severe stress has vital relation with the PTH2-TIP39
system. Hence we had chosen 2h of ARS model, to assess the role of TIP39 in depressive
rats. In the same work, we further confirmed the relationship between a PTH2R-TIP39
system and neurotransmitter release during stress by administering PTH2 agonist (TTP39) and
with the PTH2 antagonist (HYWH). Moreover, our determinations are consistent with Usdin
et al., indicated that TIP39/PTH2R knockout mice showed depression-like behaviour [4]

An effect of TIP39 at the immobility time was studied in FST model which is been really
accurate and takes in the greater pharmacological sensitivity [19]. TIP39 at doses of 1&10
nmol/rat significantly decreased the duration of immobility. However, HY WH treated animal
did not demonstrates any real growth as compared to control group, suggesting that TIP39
might potentially have antidepressant-like activity. This is the first interactive study that
verifies the antidepressant effect of TIP39 in ARS rats. The present data were consistent with
the report of LaBuda et al. indicates that TIP39 can decrease the duration of immobility in the
FST model [3].

The FST combined with the OFT can separate locomotor stimulant drugs from antidepressant
drugs [20]. In our work, ARS significantly decreased ambulation, rearing and increased
grooming response, lets on less exploratory, lack of interest and anxiety like deportment,
which are raw to the monoaminergic system, is accordance with the previous report [21].
Acute ICV administration of TIP39 did not alter the open field exploratory activity
significantly except ambulatory behaviour compared to ARS rats, indicating that TIP39

improved the decreased locomotor activity, simply had no psychostimulant effects. The



abovementioned two different behavioral investigations provided convincing evidence to the
antidepressant activity of TIP39.

Increased CORT level could cause depression-like behaviours that decrease hippocampal
neurogenesis [22]. Our results showed that decreased TIP39 expression could increase the
serum CORT, which suggests CORT might be involved in TIP39 related depression-like
behavior. A Higher level of CORT and hyperactivity of HPA axis has been implicated in the
development of depression. In the present study, the ARS group showed a substantial lift in
the CORT level as compared to the control group, which was reversed after TIP39
administration, dose dependently. In contrast, our study report is inconsistent with LaBuda et
al., indicated that increased plasma CORT level after TIP39 infusion in the PVN region (3).
This might be ascribable to the deviation in the volume of stress applied. Nevertheless, the
detailed mechanisms still need to be careful in future research. Many written reports have
publicized that Ventral hypothalamus (VH) had glutamatergic input to the paraventricular
hypothalamic nucleus (PVN), while PVN is liable for coordinating the regulation of the HPA
axis [23]. Consequently adaptations of CORT and ACTH levels may be interrelated with the
PVN, which is regulated by the VH directly. Interestingly, neuroanatomical studies
implicated that high-density TIP39 fibres project widely in many limbic areas, including the
PVN and several hypothalamic nuclei. Earlier studies also implicated that TIP39 peptide
potentially modulate the natural process of the HPA axis during stressful condition [24].
Depression invariably accompanied by the reduction in 5-HT, NE, and DA level in the blood
and brain tissues which are in close relation with symptoms of depression [25]. In the present
work, we found that NE and SHT were significantly decreased in the ARS group compared to
control group. TIP39 administration significantly increased the NE content when compared to
ARS group which was not seen in HYWH treated groups. In contrast, 5-HT levels were not
significantly different among the treatment and ARS groups, indicating that 5-HT levels in
the whole brain were not significantly impressed. Thus, our study demonstrating that
elevation of NE in the treatment group might be a cause for increasing ambulatory behaviour
in OFT. An earlier study also has revealed that TIP39/PTH2-R system potentially acting
through central noradrenergic signalling pathway [26]. With the aforementioned resolution,
we could infer that the antidepressant-like effect of TIP39 may be associated with modulation
of the central noradrenergic pathway.

Finding efficient therapy in challenging depression is very difficult may be due to diversity in
the origin of mood and mental disorders associated with different genetic and environmental

factors. Recent years, studies on depression have focused to a greater extant on the



glutaminergic role rather than the monoamines. Studies revealed that high level of brain and
plasma glutamate were found in the patient with depression. Also established that inhibition
of glutamatergic neurotransmission was strongly correlated with the therapeutic action of a
majority of antidepressant drugs [27]. Interestingly, in whole brain tissue, TIP39 significantly
reduced the glutamate level as compared to ARS rats. In contrast, GABA content was
significantly increased as compared to ARS rats, which were not observed in rats treated with
HYWH. Mathew SJ et al stating that imbalance between the glutamate and GABA content in
the brain can cause depression-like behaviour which is coherent with the present study. These
reports point towards the importance of TIP39 in regulating the glutaminergic and
GABAergic system. However, Our study report support the previous study implicated that
TIP39 peptide can regulate hypothalamic glutaminergic and inhibitory GABAergic neuron in
the cerebral region [28]. Recent studies have reported that, besides the limbic area, TIP39 are
abundantly expressed in other brain regions also [29]. Hence, our study suggests that the
curative role of TIP39 needs to be explored in other brain areas, equally well. This study
provided the first evidence indicating that stimulating TIP39 expression can bring about an
antidepressant-like effect by modulating the monoaminergic, GABAergic and glutaminergic
release with the support of HPA axis.
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Tuberoinfundibular Peptide of 39 Attenuates Chronic Unpredictable Mild
Stress Induced HPA Axis Dysregulation, Inflammation and Oxidative
Damage in Depressive Rats
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Abstract: Background: Tuberoinfundibular Peptide of 39 (TIP39) is a neuroendocrine hormone, poten-
tially acting through parathyroid hormone receptor 2 receptor (PTH2R) abundantly expressed in brain.

Objective: This study aimed to evaluate the neuroendocrine role of TIP39 in chronic unpredictable mild
stress (CUMS) induced depression and to elucidate its underlying mechanism.

Method: The depression was induced in rats by CUMS for a period of four weeks. TIP39 was adminis-
tered through intracerebroventricular (ICV) route at doses (1 & 10 nmol/rat) for four weeks on alternate

days, parallel with the daily exposure of stress. At the end of the treatment period, animals were evalu-

ARTICLE HISTORY  ated for sucrose preference, behavioral, biochemical and oxidative changes. Further the molecular

Received: May 23,2017 mechanism of anti-stress activity of TIP39 confirmed through gene expression study.
Revised: August 11,2017
Accepted: August 18, 2017 Results: TIP39 administration significantly reversed the CUMS induced increased immobility time in de-
DOI: pressive rats and increased plasma corticosterone as well as decreased open-field activity and sucrose con-
102174 13734072136661 70903155413 sumption. CUMS lowers the activity of superoxide dismutase (SOD), catalase (CAT) and glutathione
(GSH) and elevated the production of malondialdehyde (MDA) in hippocampus and prefrontal cortex,
which was reversed by the administration of TIP39. Moreover, TIP39 could effectively reverse alteration

in interleukin 6 (IL-6), interleukin-1f (IL-1pB) and tumor necrosis factor-o. (TNF-a) in brain tissue.

Conclusion: Chronic ICV administration of TIP39 alleviated the behavioral deficits of chronic unpre-
dictable mild stress, consanguinity to its concurrent modulatory repercussion on hypothalamic pituitary
adrenal axis, inflammation, and oxidative courses.

Keywords: TIP39, CUMS, HPA axis, depression, oxidative stress, inflammation.

1. INTRODUCTION Cell bodies containing Tuberoinfundibular peptide consist-
ing of 39 (TIP39) amino acid residues are principally located
in subpar fascicular area of thalamus and medial paralemniscal
nucleus of lateral brainstem. These neurons project towards
TIP39’s receptor sites, which show closely matching distribu-
tion with parathyroid hormone 2 receptor (PTH2R) [7]. Stud-
ies showed that TIP39 instigate fos gene expression in the
infralimbic cortex, preoptic area, lateral hypothalamus, lateral
septum, and paraventricular thalamic nucleus and these areas
are believed to be imperative in depression and anxiety. Mice
lacking TIP39/PTH2R signalling displayed anxiety and de-
pression like behaviour. In addition to that knockout mouse
showed increased fear memory after exposure to an aversive
event [8]. Sugimura et al demonstrated that ICV administra-
tion of TIP39 reduced the plasma AVP (Arginin Vasopressin)
level via opioid system. Following TIP39 administration, long
term consequence of traumatic event was reduced by the regu-
lation of amygdale in cerebral region which is known to in-

According to a report from WHO, approximately 300
million people all over the world suffer from depression.
This could be predicted to rise by 15% by the year 2020 [1].
The forthcoming scenario shows, depression will be the sec-
ond most extensive disease around the world, which is ag-
gravated by psychological, physiological, or environmental
stress that disturbs the quality of life [2, 3]. Out of various
theories postulated for depression, hypothalamic pituitary
adrenal (HPA) axis is the most important theory, which links
the central and peripheral action during stressful conditions
[4]. Dysregulation of HPA axis causes behavioural changes
and disruption in cascade of hormonal release that leads to
diseases like depression, anxiety, obsessive compulsive dis-
order, anorexia, insomnia, hyperglycaemia, and reduced im-
mune response [5, 6].

*Address correspondence to this author at the Dept of Pharmacology, PSG volve in fear conditioning. TIP39 peptide showed guarding
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regulating through inhibition of release of hypoalgesic amount
of norepinephrine. In addition to that activation of TIP39 sig-
nalling facilitates the HPA axis function during the stressful
condition [9-11].

CUMS has more negative impact than predictable stres-
sor in humans, maybe due to temporal ambiguity and incom-
petence to anticipate the event. Moreover, CUMS is the most
important pathogenic factor that dysregulates HPA axis,
which reflects the symptoms of depression akin to those seen
in patient with depression [12]. Acute and chronic stress
amends sympathetic nervous system and the HPA axis,
which in turn precipitate anxiety and depression. These
changes results in disproportionate generation of free radi-
cals and further cause disturbances in the oxidant/antioxidant
system and contribute to the upliftment of inflammatory me-
diators and vice versa [13, 14]. Despite the last 60 years of
rigorous research in this line, no concrete antidepressant
therapies are available in current practice. Depression re-
quires long-term treatment [15] because of the hurdle to
identify the exact pathway in depression pathology. In this
study, we hypothesize that TIP39 could link HPA axis with
inflammatory and oxidative pathway in CUMS model.
Hence, the present study is planned to evaluate the neuroen-
docrine role of TIP39 on rat model of chronic unpredictable
mild stress.

2. MATERIALS AND METHODS
2.1. Animals and Surgical Procedure

Male Sprague Dawley rats weighing 150-200 g were
collected from the PSGIMS&R (205/2013/IAEC). Rats were
kept in separate cages (6 animals per cage) with standard diet
unless there was a limitation due to stress protocol. Animals
were housed with husk as a bedding material under normal
room temperature (25 + 2° C), 12/12 hr light-dark cycle as
well as constant relative humidity (55 + 5%) throughout the
experimental period according to CPCSEA guidelines.

Seven days before the TIP39 administration, stereotoxic
surgery was made and Guide cannulae (Stainless steel (OD
0.64 x ID 0.45) RWD Life Science Co Ltd, China) was im-
planted under anaesthetic condition ketamine (80 mg/kg, i.m.)
xylazine (7.5 mg/kg, i.m.) in the right lateral ventricle at pre-
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bregma; lateral, 1.5 mM; and vertical, 4.2 mM, and kept under
controlled temperature in separate cages [16]. TIP39 peptide
(SP-101335-1, ATZ lab, Life Technologies Pvt Ltd, India, in
10 ml saline) was injected through ICV route over 5 min.

2.2. Behavioral Experiments

2.2.1. Chronic Unpredictable Mild Stress Induction and
Anhedonia model

The CUMS model was implemented according to a pre-
vious method with a slight modification [17]. During the
experiment, the animals were first trained to experience and
drink a sweet beverage by presenting them simultaneously
with two bottles, during the first 24 h, both bottles contained
a 1%sucrose solution. Subsequent 24 h, one bottle contained
the sucrose solution the other contained water. Following 14
h food and water deprivation, rats received the first baseline
sucrose preference test. Each animal was presented simulta-
neously with two pre weighed bottles, one containing the
sucrose solution and the other containing normal water. Both
bottles were removed and weighed at 60 min at the end of
the test. Then, animals were given food and water for 2 h.
After another period (14 h) of food and water deprivation,
animals received a second baseline sucrose preference test.
Four days thereafter, following 24 h food and water depriva-
tion, animals received a third baseline sucrose preference
tests. After the 1%, 2™, 3™ and 4™ weeks of CUMS, rats were
subjected for sucrose preference test [18].

Followed by third baseline test, animals were divided
into various groups (n=6) and were subjected to chronic un-
predictable stress. In brief, the CUMS protocol consisted of
the chronological application of a variety of mild stressors.
These stimulants are shifted every other week in a period of
four week experiment. All the control rats were kept under
identical conditions in a separate cage away from the
stressed rats (Table 1).

2.2.2. Open Field Exploratory Behavior Test

The open field test (OFT) was executed to check whether
the immobility period was in conjugation with any effect of
motor activity. Open field [19] apparatus is an arena made of
plywood, consisting of a floor (96 x 96 cm) with high walls.
The entire apparatus was painted black except for 6 mm

established coordinates, anteroposterior, 0.2 mM from thick white lines which divided the floor into 16 squares.
Table 1. Stress induction procedure in CUMS model.

Days Type/Duration Of Stress

Day 1 Food deprivation (24 h) and cold swimming (5 min at 6° C)

Day 2 Water deprivation (24 h), Tail pinch (1min - 2 times interval of 6 h)

Day 3 Soiled bedding (150 ml water per cage) for 12 h, Physically restrained for 2 h

Day 4 Day and night light illumination and Restricted food pellets (45g)

Day 5 Exposure to a novel odour with noise (12 h) and animal isolation (1rat/cage) (12h)

Day 6 Crowded housing (10 rats/cage) for 12 h

Day 7 Cage tilting (45° inclined) for 12 h

Same methodology was followed for 2™, 3" and 4" week.
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Experimental animals were placed in the centre of an open
box and allowed to explore the arena. Behavioral parameters
were quantified, such as ambulation, rearing, time spent in
central compartment, and grooming for 5 min.

2.2.3. Forced Swimming Test

With slight modifications, forced swimming test (FST)
was carried out [20]. Rats were forced to swim one by one in
a transparent glass vessel (45cm X 12cm X 45cm) with wa-
ter filled up to 30 cm at room temperature (25 + 2°C) 24 h
ahead test session. A training period of 10 min has given to
each animal. The duration of immobility, jumping and dip-
ping responses were observed for five min in a six min test
session. On the test day, after the initial 1 min, rats were ob-
served for immobility, jumping and dipping responses for
next 5 min. The start of immobility reflects behavioral de-
spair or helplessness [21].

2.2.4. Tail Suspension Test

The tail suspension test (TST) was conducted according
to steru et al. where animals were suspended by the bands
and hang from a hook mounted 50 cm above the floor for 6
min, approximately 5 cm from the lever. Rats were sus-
pended for a period of 6 min and were considered immobile
when rats are completely motionless [22]

2.2.5. Estimation of SOD, CAT, GSH, and MDA in the
Brain

Immediately after the last behavioural test, rats were anes-
thetized with ether followed by quick cervical dislocation then
decapitated followed by harvesting of brain. Brain samples
were immediately flash freezed using liquid nitrogen and
stored at -80°C. The tissue homogenate was prepared by using
homogenization buffer (PBS-pH 7.4 with ImM EDTA, 5M
NaCl, 0.5% triton X100 and protease inhibitor). The homoge-
nised samples were centrifuged at 2000g for 2min and super-
natant was used for the enzyme assay. Superoxide dismutase
(SOD) activity was estimated spectro photometrically at 550
nm by measuring the generation of superoxide free radicals
produced by xanthine and xanthine oxidase, which react with
nitro-blue tetrazolium (NTB) system according to the method
by Sun et al. [23]. The activity of superoxide dismutase was
expressed as units/mg protein. According to Aebi ef al. [24],
measurement of catalase (CAT) was carried out based on the
ability of catalase to restrict oxidation of the H,O,. Initial reac-
tion was carried out by adding 1ml of H,O, (30 mmol/L). The
variations in decomposition rate of H,O, were determined
spectrophotometry at 240 nm. The activity of catalase was
expressed as units/mg protein. Assay of reduced glutathione
(GSH) was carried out based on the Elmann procedure [25].
GSH concentrations were determined with the absorbance
read at 412 nm. The values were expressed in nmol/mg pro-
tein. malondialdehyde (MDA) measurement was carried in
compliance with Ohkawa et al. [26] the organic layer was
separated and its absorbance was measured at 532 nm by mi-
cro plate spectrophotometry. Protein estimation was con-
ducted according to Lowry et al. [27]. The data were ex-
pressed as nmol/mg protein.

2.2.6. Estimation of Corticosterone

After completion of stress protocol, animals were anes-
thetized with ether and blood was collected through retro
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orbital route and transferred to sodium citrate containing
tubes kept in ice and centrifuged at 1000xg for 20 min.
Plasma was separated and aliquots were stored at —70°C.
Estimation of were done plasma using HPLC/UV system in
compliance to Ahmad A et al. [28].

2.2.7. Measurement of Pro Inflammatory Cytokines by Po-
Iymerase Chain Reaction (PCR)

Cell lysis were done using TRI reagent (Sigma Aldrich,
USA) and the total RNA was extracted according to the
manufacturer’s procedure. The RNA was quantified by
NanoDrop (Thermo Scientific Wilmington, DE, USA) and
whose 260/280 ratio found >1.8, were used for cDNA con-
version. The RNA was converted to cDNA by high capacity
cDNA conversion kit (Applied Biosystems). Expressions of
interleukin 6 (IL-6), interleukin-1p (IL-1p) and tumor necro-
sis factor-a (TNF-a)) and Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) were studied. Primer designing were
done using Primer3 software. The designed sequences were
obtained from Sigma-Aldrich, MO, USA. The primer se-
quences are given in supplementary (Table 2). PCR reactions
were run in qPCR (Applied Biosystems) system. Reactions
were initiated with denaturation at 95 °C for 30s, followed
by 40 cycles of two-step reaction, denaturation at 95°C for
5s, and annealing and extension for 30s. Gene expression
was normalized by reference gene GAPDH. The experiments
were conducted in duplicates [29].

2.3. Statistical Analysis

Data were expressed as Mean + SEM and ANOVA fol-
lowed by post hoc analysis Turkey’s multiple comparison
tests was used to analyse the data. Weekly sucrose intake
was subjected to two way ANOVA followed by Bonferroni
post hoc test. Differences were considered statistically sig-
nificant when P<0.05. The obtained data was analysed using
Graph Pad Prism, 4.03 (La Jolla, CA. USA).

3. RESULTS

3.1. Effect of ICV Administration of TIP39 on Anhedonia
Model

Sucrose preference test is a familiar model to distin-
guish the effect of drugs on anhedonia during depressive
condition (Fig. 1). There was a gradual decline in the intake
of sucrose in subsequent weeks in all the groups. CUMS
rats showed significant reduction in sucrose consumption in
comparison to control group. These changes confirmed the
state of depression in stressed rats. Percentage reduction in
sucrose intake was observed in normal (13%), CUMS
(54.8%), diazepam 2 mg/kg (19.3%) TIP39 1 nmol (26.5%)
and TIP39 10 nmol (20.8%) treated animals from 1* week
to 4™ week. In week 3 and 4, there was a significant (F (4,
25) = 11.64, P < 0.001) reduction of sucrose intake in
CUMS rats when compared to control group. Diazepam
2mg/kg exhibited significant (F (4, 25) = 5.86, P < 0.01)
increase in sucrose consumption on 3" and 4™ weeks
among rats subjected to stress as compared to CUMS
group. Chronic treatment with TIP39 (1 nmol and 10 nmol)
significantly (F (4, 25) =3.27, P <0.05 & F (4, 25) =4.21,
P < 0.01) increased the sucrose consumption when com-
pared to CUMS group.
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Table2. Details of Primers: TNF-a, IL-1p and IL-6 gene.
Gene Primer/Sequence
GAPDH Forward- CAACTTTGGCATCGTGGAAG
Reverse - CTGCTTCACCACCTTCTT
TNF-a Forward -TCCCAACAAGGAGGAGAAGTTCC
Reverse - GGCAGCCTTGTCCCTTGAAGAGA
IL-1B Forward - AGCAGCTTTCGACAGTGAGGAGAA
Reverse -TCTCCACAGCCACAATGAGTGACA
IL-6 Forward -AGGATACCACTCCCAACAGACCT
Reverse -CAAGTGCATCATCGTTGTTCATAC
< b
E ~a- Control
£ of 4= CUMS
e =¥ Diazepam(2mg/kg)
g 34 =+ TIP39 1nmol
2 : ¢ —e=TIP3910 nmol
02 b
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Fig. (1). Effect of TIP39 on Sucrose consumption in CUMS rats.
All the values are expressed in Mean + SD, n=6. Statistical analysis
was carried out by Statistical analysis was carried out by Two way
ANOVA followed by Bonferroni post test. *denotes statistical sig-
nificance in comparison to control rats at P <0.001. ®“denotes statis-
tical significance in comparison to CUMS group at P <0.05 and P
<0.01 respectively.

3.2. Effect of ICV Administration of TIP39 on Open
Field Test

CUMSS rats exhibited decreased ambulation (F (4, 25) =
6.26, P<0.01) and rearing (F (4, 25) = 11.5, P<0.001). Fur-
ther it increased the grooming (F (4, 25) =10.02, P<0.001)
and time spend in central compartment (F (4, 25) = 4.8,
P<0.01) when compared to unstressed rats (Fig. 2). Treat-
ment with TIP39 (1 nmol & 10 nmol) significantly reversed
the stress induced behavioural changes in a dose dependent
manner as observed by increased ambulation, rearing and
decreased time spend in central compartment when com-
pared to the CUMS rats. No significant changes were ob-
served in grooming response after TIP39 administration in
comparison to CUMS rats. Results were compared with that
of the standard drug Diazepam 2 mg/kg.

3.3. Effect of ICV Administration of TIP39 on Forced
Swim Test

Twenty eight days of CUMS brought a depressive state
in rats, which was quantified by parameters such as in-
creased immobility, dipping response and decreased climb-
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ing response in FST in comparison to control rats (F (4,25) =
14, P<0.001). Fig. (3) shows that the chronic administration
of TIP39 1 nmol (F (4, 25) =5.12, P<0.01) & 10 nmol (F (4,
25) =9.24, P<0.001) in CUMS rats significantly reduced the
duration of immobility time as compared to CUMS rats. In
the same manner, the number of jumping responses in-
creased (F (4, 25) = 6.3, P<0.01 & F (4, 25) = 5.93, P<0.01)
and number of dipping responses decreased (F (4, 25) =
4.61, P<0.01 & F (4,25) = 10.1, P<0.001) significantly as
compared to CUMS rats. Similar effect was observed in di-
azepam (P< 0.001) at the dose of 2 mg/kg when compared to
CUMS rats.

3.4. Effect of ICY Administration of TIP39 on Tail Sus-
pension Test

Dose dependent effects of TIP39 on the immobility pe-
riod in the tail suspension test are shown in (Fig. 3D).
CUMS-induced depressive rats exhibited a significant (F (4,
25)=7.65, P <0.001) increase in immobility period as com-
pare to control group. Administration of Diazepam 2 mg/mg
(F (4, 25)=6.79, P < 0.001) in CUMS rats significantly re-
duced the immobility time as compared to CUMS rats. Simi-
lar type of results were observed in the TST in which TIP39
at doses of 1 nmol (F (4, 25) =4.91, P < 0.01) and 10 nmol
(F (4, 25) = 15.82, P < 0.001) significantly reduced the im-
mobility period when compared to CUMS group.

3.5. Effect of ICV Administration of TIP39 on Plasma
Corticosterone Levels

Exposure to CUMS causes significant increase of plasma
corticosterone level (F (4, 25) = 7.48 & P < 0.001) as com-
parison to normal rats. Treatment with TIP39 (1 nmol and 10
nmol) significantly (F (4, 25)=15.53,P <0.01, & (F (4, 25) =
6.93, P< 0.01) decreased the CUMS induced elevated corti-
costerone levels, dose dependently. Similar results were ob-
tained for diazepam at the dose of 2 mg/kg in CUMS in-
duced rats (F(4, 25) = 12.16, P <0.001) (Fig. 4).

3.6. Effect of ICY Administration of TIP39 on the Brain
Antioxidant Biomarkers

The effect of TIP39 on the hippocampus and prefrontal
cortex antioxidant system is shown in (Figs. 5 & 6). From
the results depicted, diazepam 2 mg/mg significantly alters
the oxidative parameters as compared to CUMS group in the
hippocampus (F (4, 25) = 13.03, P < 0.001) and the prefron-
tal cortex (F (4, 25) =4.72, P <0.01). However, CUMS rats
showed a significant elevation in the MDA levels (F (4, 25)
=123, P <0.001) and a significant turn down in the activi-
ties of SOD (F (4, 25) = 8.14, P < 0.001), CAT (F (4, 25) =
10.68, P < 0.001), and GSH (F (4, 25) =9.12, P < 0.001) in
the hippocampus and the prefrontal cortex as compared to
the control group. ICV administration of TIP39 at doses of 1
nmol and 10 nmol showed significant increase in the activi-
ties of SOD (F (4, 25)=53,P<0.01& F (4,25)=6.9,P <
0.001) and CAT F (4, 25) =3.6, P <0.05& F (4, 25) = 5.81,
P <0.01), and GSH (F (4,25)=3.72,P<0.05 & F (4, 25) =
6.7, P < 0.01) as compared to CUMS groups in the hippo-
campus and also treatment with TIP39 showed significant
decline in the MDA (F (4, 25) =4,P <0.05 & F (4, 25) =
5.1, P < 0.01) levels in the hippocampus. In the prefrontal
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Fig. (2). Effect of TIP39 treatment on OFT in CUMS rats. All the values are expressed in Mean + SD, n=6.Statistical analysis was carried
out by one way ANOVA followed by post hoc analysis Tukey’s multiple comparison test. ##, ### denotes statistical significance in comparison
to control rats at P<0.01 and P<0.001 respectively. *, **, *** denotes statistical significance in comparison to vehicle treated CUMS group at

P<0.05, P<0.01 and P<0.001 respectively.
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Fig. (3). Effect of TIP39 treatment on FST (A, B, C) &TST (D) in CUMS rats. All the values are expressed in Mean = SD, n=6.Statistical
analysis was carried out by one way ANOVA followed by post hoc analysis Tukey’s multiple comparison test. “** denotes statistical signifi-
cance in comparison to control rats at P <0.001. **, *** denotes statistical significance in comparison to vehicle treated CUMS group at P

<0.01 and P <0.001 respectively.
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Corticosterone Concentration
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Fig. (4). Effect of TIP39 on plasma corticosterone in CUMS rats. All the values are expressed in Mean + SD, n=6. Statistical analysis was
carried out by one way ANOVA followed by post hoc analysis Tukey’s multiple comparison test. “* denotes statistical significance in com-
parison to control rats at P <0.001. **, *** denotes statistical significance in comparison to vehicle treated CUMS group at P <0.01 and P

<0.001 respectively.
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Fig. (5). Effect of TIP39 on SOD, CAT, MDA and GSH on Prefrontal cortex in CUMS rats. All the values are expressed in Mean = SD,
n=6. Statistical analysis was carried out by one way ANOVA followed by post hoc analysis Tukey’s multiple comparison test. " denotes
statistical significance in comparison to control rats at P <0.001. *, ** *** denotes statistical significance in comparison to vehicle treated

CUMS group at P <0.05, P <0.01 and P <0.001 respectively.

cortex, TIP39 (1 nmol & 10 nmol) exhibited significant in-
crease in the activities of enzymatic SOD (F (4,25) =3.9,P <
0.05 & F (4,25)=5.42, P <0.01), CAT (F (4,25)=3.63,P
<0.05& F (4,25)=67,P <0.01), GSH (F (4,25)=4.6,P <
0.01& F (4, 25) = 7.8, P < 0.001) and significant decline in
the MDA ((F (4, 25) = 6.9, P < 0.01&F (4, 25) =4.74,P <
0.01) as compared to CUMS group.

3.7. Effect of ICV Administration of TIP39 on Inflamma-
tory Markers

Upon CUMS induction, rats have shown significant in-
crease of IL-6, IL-1f, and TNF-a in brain tissue as compared
to normal rats (P < 0.001). No significant difference was
observed in the levels of IL-6, IL-1B, and TNF-a between
diazepam treated rats and normal rats. However, diazepam 2



Effect of TIP39 in CUMS Rats

A
250+

c *kk
‘@ 200 . k5
s ——] o
. 150- it
CE” =
‘é 1004
(=]
O 504
w

04 T

h LY b
&‘o 0‘{9 q,@q é(\o (\@o
°® < & N n
o O
& g Q'b°’
o@, A 4\\
C
4.

=
‘D
°
e
=5
@
E
©
E
=
<T
(=]
=

Current Bioactive Compounds 2017, Vol. 13, No. 00 7

o
1

CAT (U/mg protein)

w]

GSH (nmol/img protein)
i i i A A

0-

Fig. (6). Effect of TIP39 on SOD, CAT, MDA and GSH on Hippocampus in CUMS rats. All the values are expressed in Mean + SD,
n=6. Statistical analysis was carried out by one way ANOVA followed by post hoc analysis Tukey’s multiple comparison test. " denotes
statistical significance in comparison to control rats at P <0.001. *, ** *** denotes statistical significance in comparison to vehicle treated

CUMS group at P <0.05, P <0.01 and P <0.001 respectively.

mg/kg had significantly (F (4, 25) = 8.61, P < 0.01) reduced
the IL-6, IL-1B, and TNF-a levels in brain as compared to
CUMS rats. Chronic ICV administration of TIP39 1 nmol (F
(4, 25) = 3.25, P < 0.05) and 10nmol (F (4, 25) = 6.78, P <
0.01) significantly reduced the IL-6, IL-1 3, and TNF-a levels
in brain tissue as compared to CUMS induced rats (Fig. 7).

4. DISCUSSION

Research studies are focusing wide on stress induced neu-
rological disorders on the basis of nature and origin of the
stress generation [30]. Stress is induced due to age, sex, indi-
vidual differences, types of stimulus, duration, and intensity of
stressors in the cerebral region [31, 32]. Chronic stress can
increase the vulnerability in hippocampus and prefrontal cor-
tex by altering the antioxidant defence system interactions
closely with the HPA axis [33]. After 28 days of CUMS in-
duction, animals were examined through the open field model.
CUMS induced rats have shown decreased ambulation, rear-
ing and increased time spent in the central compartment re-
veals less exploratory behaviour and increased grooming ac-
tivity, that revealed the higher anxiety level, which is sensitive
towards serotonergic and noradrenergic activity [34]. The
aforesaid activities were reversed after the ICV administration
of TIP39. In contrast, no significant changes were observed in
grooming activity. TIP39 was studied in the FST and TST
models, which are widely used preclinical models to examine

antidepressant activity [35, 36]. In the modified version of
FST model, together with the immobility time, jumping and
dipping response were recorded. The dipping and jumping
response has connection with the drugs that regulates seroton-
ergic and noradrenergic transmission [37, 38]. Decreased Im-
mobility time in TST represents the level of confidence in the
animal to overcome the depressive state. In this study, both the
doses of TIP39 significantly decreased the immobility time
and dipping response but increased the jumping response.
Similar types of effects were also observed in TST in terms of
decreased immobility time. Interpretation of the above results
shows TIP39 may regulate catecholamines in general to con-
trol the symptoms like depression and anxiety. This study
supports the previous study reported that, the TIP39 is poten-
tially acting on central noradrenergic signalling pathway dur-
ing stressful conditions [39]. These statements also in accor-
dance with our pervious study results implicating that TIP39
significantly increased the plasma noradrenaline level. In con-
trast, serotonin level did not get altered in acute restraint
stressed rats after TIP39 administration (Data not shown).
CUMS rats exhibited increased corticosterone level in plasma,
which indicates the depressive state of the rats, evident with
Wang C et al. [40]. Elevation of plasma costicosterone level
might be due to dysregulation of HPA axis, which alters the
neurochemical and biochemical activities [12]. The purpose of
elevation during stress is to maintain the energy levels by util-
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Fig. (7). Effect of TIP39 on IL-6, IL-1 p and TNF-a level in brain tissues of CUMS rats. All the values are expressed in Mean + SD,
n=6. Statistical analysis was carried out by One way ANOVA followed by post hoc analysis Tukey’s multiple comparison test. “** denotes
statistical significance in comparison to control rats at P <0.001. *, ** *** denotes statistical significance in comparison to vehicle treated

CUMS group at P <0.05, P <0.01 and P <0.001 respectively.

izing glucocorticoids for demands and compensatory mecha-
nism [41]. Interestingly, TIP39 reversed the elevation of
plasma corticosterone level in stressed rats. The normalizing
effect of TIP39 on plasma corticosterone level indicated that,
it may possess adaptogenic response in stressed rats. This is
due to the activation of hypothalamic glutaminergic neurons
that facilitates TIP39 on HPA axis [42]. One of the core symp-
toms of depression is Anhedonia (decreased responsiveness to
rewards), which reduces the sucrose preference in depressive
animals [43]. This could be due to the alterations in HPA axis
activity and it could be a root cause for hypophagia (decreased
food intake) [44, 45]. In the four weeks study, gradual decline
in sucrose consumption was observed in all the groups and
this is due to the taste familiarity. Administration of anti stress
drug (diazepam 2mg/kg) markedly increase the sucrose intake
in CUMS rats. This could be due to the reduction of stress
[46,47]. In the same manner, TIP39 dose dependently in-
creased the sucrose intake in CUMS rats, which was not ob-
served in CUMS alone treated rats.

It was observed that induction of chronic stress causes
major cell injury provoked by the lipid peroxidation in cell
membrane due to release of reactive oxygen species (ROS)
such as superoxide anion, hydrogen peroxide, and hydroxyl
radical [48]. In the present study, the daily exposure of rats
to different stressors for 4 consecutive weeks significantly
increased the marker of oxidative stress (LPO) and reduced
the endogenous antioxidant level (SOD, CAT, and GSH)
confirming that CUMS triggers free radical generation in
hippocampus and prefrontal cortex [49, 50]. Simultaneous
treatment with TIP39 rescued CUMS induced disproportion
by normalizing SOD, CAT, SH, and lipid peroxidation
marker (MDA). TIP39 administration for four weeks in-

creased the SOD, CAT, GSH levels and reduced the produc-
tion of MDA, which indicates the inhibition of lipid peroxi-
dation. Many researchers demonstrated that, chronic stress
increased the production of IL-6, IL-1B, and TNF-a level
that induced pain perception due to glucocorticoid resistance
action. This similarly reduced the competence of glucocorti-
coids to suppress cytokine production [51]. Subsequent ad-
ministration of TIP39 in CUMS rats significantly reduced
the proinflammatory cytokine levels. This is due to the
guarding role of TIP39 by maintaining the central sensitiza-
tion mechanism [52]. We also believe that suppression of
proinflammatory cytokine by TIP39 peptide possibly due to
the diminution of oxidative damage.

CONCLUSION

In CUMS rats, ICV administration of TIP39 could effec-
tively improve the changes in FST, TST, sucrose consump-
tion and open-field activity. Moreover, TIP39 could effec-
tively reverse the alterations of plasma corticosterone con-
centrations, elevated SOD and CAT as well as the level of
GSH and reduced MDA levels in the hippocampus and pre-
frontal cortex. Based on our research findings, this study
identified the anti stress activity of TIP39 in CUMS model in
relation to their simultaneous modulatory effects on HPA
axis, inflammatory process, and oxidative courses. It points
toward the possible relation between these systems during
CUMS.
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