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Summary

Depressive disorders are among the leading causes of global disease burden. Side
effects, delayed onset of action, and toxicity are important issues in the present
therapies of depression. There is evidence that antidepressants are only modestly

helpful in treating depression.

Consequently, a new medications for the treatment of depression are essential.
Empagliflozin(EMP) is an oral antihyperglycemic. It is a pleiotropic compound with

anti-inflammatory and antioxidant properties.

The aims of this study were to evaluate the antidepressant effect of empagliflozin
in male rats and the effect of stress on TLR4 gene expression, pro-inflammatory
cytokines, and oxidative stress. To our knowledge, this is the first study conducted to

evaluate the antidepressant effect of empagliflozin in brain of male rats.

The animals were divided into five groups each group with 10 rats. For the
induction of chronic stress, the Katz method was used with some modifications. The
animals in G1 did not treated or stressed, for 24 days, each animal in G2, G3, G4, and
G5 underwent stress, Each animal in G2 received 0.5 ml of D.W orally for 14 days
starting on tenth day of chronic unpredictable stress (CUS) without any treatment,
Each animal in G3 received fluoxetine (10 mg/kg/day+ CUS), and each animal in G4
and G5 was administered (EMP 10 mg/kg/day and 20 mg/kg/day+ CUS, respectively)
orally for 14 days starting on tenth day of CUS.

Each animal was weighted and the sucrose preference test(SPT) and the forced
swimming test (FST) were performed on days 0, 10, and 25 .The animals were
decapitated on the 25th day of experiment, and the brain tissue was prepared for

biochemical and gene expression measurements.

There was a significant ( p < 0.05) decrease in mean weight in G2, G3, G4, and
G5 on day 10 as compared to day 0. On day 25 there was a significant decrease in
I



Summary

weight in G2, G4, and G5 as compared to day 0 . In G3,G4 and G5 the means of SPI
significantly increased (p< 0.05) on day 25 as compared to day 10. On day 25 the
means of SPI in G3,G4 and G5 significantly increased (p< 0.05) compared to G2.
Furthermore, the mean of SPI in G2, G3,G4 and G5 significantly decreased
(p< 0.05) on day 10, as compared to day 0. In G2, G3,G4 and G5 the means of
immobility time in FST significantly increased (p< 0.05) on day 10, as compared to
day 0.

In G3,G4 and G5 the means of immobility time significantly decreased
(p< 0.05) on day 25 as compared to day 10.0n day 25 the means of immobility time
in G3,G4 and G5 significantly decreased (p< 0.05) as compared to G2. The TLR-4
gene expression, in G2 there was a significant increased (p< 0.05) in the mean of
TLR-4 gene fold changes as compared to G1,whereas in G3,G4 and G5 there was a
significant decreased (p< 0.05) in the mean of TLR-4 gene fold changes compared to
G2. A significant (P<0.05) increased in IL-6 and TNF-o means concentration in G2

as compared to G1.

In G3 and G5 there was a significant (P<0.05) decrease in IL-6 and TNF-a mean
concentration compared to G2. In term of antioxidant enzymes, there was a significant
(p<0.05) increased in the mean of antioxidant enzymes activity in G3,G4,and G5 as

compared to G2 .

In conclusion, empagliflozin ameliorate depressive-like behavior induced by
the CUS model in male rats. Also, it has anti-inflammatory and anti-oxidant effects in

brain of male rats.
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Chapter one Introduction and Literature review

1.1. Introduction

Depression is a common mental disorder, it involves a depressed mood or loss of
pleasure or interest in activities for long periods of time, it can happen at any age of
life and it is costly for society (WHO 2023). According to studies, it is a troublesome
condition that harms educational pathways, job performance, and other aspects of
life. Depression would be the leading source of discomfort among all diseases by
2030 (Zhang et al., 2017).

Age, gender, physical health, childhood trauma, and separated or divorced
marital status are risk factors for major depressive disorder in human
(Kamran et al., 2022).

A combination of symptoms including low mood, poor energy or weariness, and
anhedonia, comprise the clinical symptoms of this disorder. Other symptoms are
frequently present as well including autonomic and gastrointestinal problems, sleep
and psychomotor problems, guilt emotions, poor self-esteem, and suicidal thoughts
(Kennedy, 2022).

Depression is a complicated disorder with various types and likely several causes,
rather than a single, uniform condition. The exact mechanism(s) through which

depression develops remain unknown (Kamran et al.,2022).

The monoamine hypothesis was the first theory of depression; later, other
hypotheses were developed, such as the hypothesis of stress-induced depression, the
hypothesis of cytokines, the neuroplasticity hypothesis, and the hypothesis of
Gamma-Aminobutyric Acid (GABA) and glutamate (Jesulola et al., 2018).

None of these theories can exhaustively explain all the processes and symptoms
of depressive disorders (Filatova et al., 2021). The modulation of Toll-like receptors
(TLRs) is an additional key mechanism that may elucidate the pathophysiology of

1
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depression (Hung et al., 2014). TLRs are a group of pattern recognition receptors
with a distinct molecular signature of microorganisms known as pathogen-associated
molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPS)
(Pascual et al.,2021). The stimulation of these receptors by their corresponding
PAMPs or DAMPs may lead to pro-inflammatory cytokine release and the induction
of innate and acquired immune responses (Behzadi et al., 2021). Stress results in the
release of DAMPs, which bind to toll-like receptors and cause inflammation, which

has an essential role in depression's pathogenesis (Serna-Rodriguez et al., 2022).

There are two primary therapy choices for depression management: psychotherapy
and pharmacotherapy. Several recommendations suggest medication or a
combination of psychotherapy and medications for treating moderate-to-severe
depression (Nabila et al., 2022).

Different medication categories are used for treating depressive disorders
(Brigitta, 2022). Selective serotonin reuptake inhibitors, tricyclic antidepressants ,
serotonin-norepinephrine reuptake inhibitors, monoamine oxidase inhibitors,

norepinephrine reuptake inhibitors with serotonin receptor antagonism.

Fluoxetine is one of the most common first-line antidepressants, and it relieves
depressive  symptoms by increase serotonin  concentration in  brain
(Pourhamzeh et al., 2022).

Side effects, delayed onset of action, and toxicity are important issues in the
present therapy for depression (Nitzan et al., 2022). There is evidence that
antidepressants are  only  modestly  helpful in  treating  depression
(Cipriani et al., 2018). Moreover, only 41% of depressed people responded well to
treatment (Furukawa et al., 2021). Consequently, a new target and new medications
for the treatment of depression are essential.
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Empagliflozin (EMP) was the final SGLT2 inhibitor authorized by the Food and
Drug Administration (FDA). It was authorized by the "European Medicines Agency"
in May 2014 and the FDA in August 2014. It is an oral antihyperglycemic drug that
reduces glucose levels by inhibiting insulin-independent renal glucose reabsorption
in the proximal tubules (Chadeve,2020). It is a pleiotropic compound with anti-
inflammatory and antioxidant effects (Winiarska et al., 2021). Additionally, there is
evidence empagliflozin reduces lung fibrosis-related inflammation and oxidative
stress (Kabel et al., 2020).

Through attenuation of Toll-like receptor-4(TLR4) activity, empagliflozin has a
renoprotective effect (Ashrafi et al., 2020). Empagliflozin decreases inflammation in
the kidneys, liver, and heart in insulin resistance and diabetic animal models
(Maayah et al.,, 2021;Ahmed et al., 2021). These evidence suggests that the
therapeutic advantages of empagliflozin are independent of antidiabetic-related
effects. Given its anti-inflammatory and antioxidant properties, empagliflozin may be

beneficial for treating depression.

1.2. Aims of the study:-

Evaluate the potential antidepressant effects of empagliflozin.

This will be achieved by the following objectives:

1. Establish a model of chronic unpredictable depression in male rats.

2. Determine the association between stress and TLR4 gene expression,

pro-inflammatory cytokines and oxidative stress in the brain of male rats.

3. Study the effects of empagliflozin on TLR-4 gene expression, pro-

inflammatory cytokines, and oxidative stress.
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Literature review

1.3. Depression

According to the World Health Organization (WHO), depression is a mental
iliness with clinical features such as despair, a lack of passion, apathy, decreased
appetite, feelings of shame, poor self-esteem, disrupted sleep, feelings of weariness,
and difficulty focusing (WHO 2023). Over 350 million individuals of all ages
worldwide have depression. As stated by the World Mental Health Study taken in 17
countries, 1 in 17 people experienced at least one episode of depression in the past 12
months (Moreno -Agostino et al., 2021). In addition, the illness remission rate is
often below 50% (Kamran et al., 2022).

Depression often begins in adolescence or early adulthood and affects women
more frequently than men, with 10-20% of women of reproductive age suffering

from postpartum depression (Shitu et al., 2019).

The estimated annual cost of lost production due to depression ranges from $30,1
billion to $51,5 billion, demonstrating the negative impact of depression on economy
(Greenberg et al., 2021). The financial burden of depression per year in the United
States, including lost productivity and higher medical expenditures, is $83 billion,

which is more than the cost of the war in Afghanistan.

Depression in the UK costs the economy almost £11 billion annually in missed
wages, demands on the healthcare system, and medical prescriptions. The cost of
depression-related impairment to the Australian economy each year is $14.9 billion,
while the cost of treating depression in Australia is over $600 million
(Annells et al., 2016).
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1.3.1. Epidemiology of Depression

Depression is a very common psychological disorder. Its lifetime frequency is
roughly 12%, and the occurrence rate among women is about double that of men
(Pedersen et al ., 2014). This variation has been attributed to hormonal changes,
childbearing effects. Each year, over 700,000 people die by suicide . For those aged
between 15 and 29, the fourth most common reason for death is suicide
(Evans-Lacko et al., 2018).

Globally, 34% of 12-19 vyear-old teenagers are at risk of depression
(Shorey et al., 2022).Depression was reported by 28.4% of older people worldwide .
Depression is more prevalent in those who lack close social interactions, are

divorced, separated, or are bereaved (Kim & Lee, 2021).

There has been no variation in the frequency of depression across races and
socioeconomic backgrounds . It is more widespread in rural settings than in urban
ones . Depression risk factors include age, female sex, family status, medical
conditions,, and childhood shock. Depression is also one of the most prevalent
comorbidities associated with a variety of chronic medical conditions, including
cancer , cardiovascular disease , diabetes mellitus , inflammatory, and neurological
problems (Guo et al., 2018).

1.3.2. The Etiology of Depression

Biological, genetic, environmental, and psychological variables are
hypothesized to contribute to the etiology of depressive disorder (Alshaya ., 2022).
Recent concepts imply that it is mostly associated with increasingly complex brain

circuits and neuroregulatory mechanisms, leading to neurotransmitter system
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disruptions. GABA as well as glutamate and glycine have been shown to participate

in depression's pathophysiology (Pedersen et al ., 2014).

Furthermore, increased thyroid and growth hormones have been linked to the
development of mood disorders (Duval et al., 2021). Early exposure to excessive
stress may have significant impacts on neuroendocrine and behavioral responses that
might change the development of the cerebral cortex and result in serious depression
in adulthood (Juruena et al., 2020).

Alcohol use may contribute to etiology of depression (Evans et al., 2021). Certain
drugs, including interferon- alpha (IFN —a) , isotretinoin, and rimonabant, also raised

the likelihood of acquiring depression (Fallah & Rademaker, 2022).

Studies including families, adoption, and twins imply that genes contribute to
depression susceptibility, and according to genetic studies, monozygotic twins have
an extremely high concordance chance of developing depressive episodes
(Shadrina et al., 2018).

1.3.3 Risk factors for Depression

1.3.3.1. Environmental Factors

Numerous factors may contribute to the onset of depressive episodes, but life
events have been examined the most (Flouri et al., 2018). A diagnosis of a severe
medical condition, the death of a loved one, the birth of a child, financial difficulties,
bullying, social exclusion, and delivery are just a few examples of risk factors

connected to life events.

The COVID-19 pandemic and the ensuing limitations have had a significant
negative influence on psychological health (Benke et al., 2020; Rehman et al., 2022).
As shown by studies, the COVID-19 pandemic significantly increased the symptoms
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of depression (Fioravanti et al., 2022; Ravens-Sieberer et al., 2022; Nogueira et al.,
2022).

1.3.3.2. Genetic Factors

Psychiatric diseases can be moderately to highly heritable; however, it is
unknown to what extent genetic variation is unique to each condition or shared by all
of them and according to twin studies and other comparable research, the heritability
of Major Depression Disorder (MDD) is modest (37%) but can range from 26% to
49% .Recurrent depression was first shown to be a more heritable variant of the
condition (Kendall et al., 2021).. Females have a far greater heritability rate than
male (Zhao et al., 2020).

1.3.4. Types of Depression

1.3.4.1 Major Depression Disorder(MDD)

This type of depression is often characterized by dysphoric mood and loss of
motivation, as well as physical body changes including weight gain or loss, increased
or decreased hunger, disturbed sleep patterns, and chronic lethargy. In addition to a
lack of focus and clarity of thinking, disruptions in cognitive and executive
functioning manifest as a preoccupation with death and suicide. Most of these
symptoms are often present almost every day, resulting in significant pain and
impairments in social and work functioning (Pedersen et al ., 2014).

1.3.4.2. Dysthymic Disorder

Alternatively known as “persistent depression disorder”, for at least 2 years in
adults and 12 months in children and adolescents, most of the day is spent in a state

of depression or sadness. Due to brief remissions, the majority of patients do not
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match all of the characteristics for major depressive disorder. Patients may not
always fulfill all of the diagnostic criteria for MDD (Fekadu et al., 2017).

1.3.4.3. Melancholic Depression

There is a near-total lack of the ability to experience pleasure. Psychomotor
lethargy and early morning mood worsening are also seen in this type of depression.
Those who have more extreme forms of depression or psychotic depression are more

likely to exhibit this type of depression (Benazzi, 2022).
1.3.4.4. Seasonal Affective Disorder (SAD)

This form of depression is supposed to recur each autumn or early winter. The
SAD depression is marked by despair, shame, and unworthiness, as well as
emotional instability-symptoms that are often prevalent in other depressive diseases.
Patients also demonstrate a considerable increase in appetite and a need for high-
carbohydrate  meals, both of which contribute to weight gain
(Praschak-Rieder & Willeit, 2022).

1.3.4.5. Postpartum Depression (PPD)

This depicts a diverse range of depressive symptoms that mothers experience.
Before or after giving birth, these symptoms could appear. As a result, they are both
considered "peripartum™ events. According to the Diagnostic and Statistical Manual
of Mental Disorders-5 (DSM-5) , prenatal mood changes, signs of anxiety, and "baby

blues" increase the likelihood of postpartum depression (Liu et al., 2022).
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1.3.4.6. Psychotic depression

It is a serious form of depression that is exhibiting psychotic symptoms. It is
frequently viewed as a mixed state that cannot be distinguished from either psychosis
or depression. Psychotic characteristics like hallucinations or delusions are among
the symptoms. In addition to its intensity, psychotic depression is linked to a
protracted course, a subpar response to treatment options, and a greater recurrence
rate (Dubovsky et al., 2021).

1.3.5. Hypothesis of Depression

1.3.5.1. The monoamine hypothesis

Based on the monoamine hypothesis, the symptoms of depression are caused
by changed levels of 5-hydroxytryptamine (5-HT), noradrenaline (NA), and/or
dopamine ( DA) (Boku et al. 2018).

Multiple evidence supporting the idea that antidepressant treatments enhance the
neurotransmission of these neurotransmitters served as the foundation for this
concept (Delcourte et al.,, 2021). Numerous evidence indicate that catecholamine
neurotransmitters are not the only chemicals contributing to the pathogenesis of

depressive disorders (Filatova et al.,2021).
1.3.5.2. Neurotrophic hypothesis of Depression

This hypothesis adopts the role of brain-derived neurotrophic factor (BDNF) to
encourages  neuronal survival, neuroplasticity, and  synaptogenesis
(Yang et al., 2020)(Fig.1.1). Lowered concentrations of BDNF are related to
decreased synaptic plasticity and neuronal atrophy, whereas high concentrations are
related to neuronal survival and differentiation (Carniel & da Rocha, 2021). Low

neuroplasticity has been associated with depression (Levy et al., 2018).
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The antidepressant treatment stimulates many levels of neuroplasticity and

boosts BDNF expression, resulting in the development of antidepressant effects
(Rana et al., 2021; Zanos & Gould, 2018).

Certain studies show low BDNF levels in depressed individuals and increased

BDNF levels after antidepressant treatment, particularly with SSRIs and ketamine
(Arosio et al., 2021; Mosiolek et al., 2021).

Consequently, it is suggested that BDNF may serve as a biomarker for depression
(Ranaetal., 2021) .

mBDNF
(
v
M
M
DAG—» PKC —>» 5
MAP‘K/ I}I:%K\;Lc-y Synaptic

v v \lps —» caMK —» Plasticity
ERK AKT

/ ! T \
Growth Survival

PUTR L

VERER,,
LTP, neurogenesis, differentiation /

tPA, tissue plasminogen activator; brain-derived neurotrophic factor, ;phosphoinositide 3-
kinase (PI3K), AKT, protein kinase B; phospholipase C-y (PLC-y), BDNF, IP3, inositol
trisphosphate 3; CaMK, calmodulin-dependent protein kinase ;, PKC, protein kinase C ;
IRAK, interleukin-1 receptor-associated kinase; TRAF6, tumor necrosis factor receptor-
associated factor 6; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells;
IkB, nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor; MAPK,
mitogen-activated protein kinase; , ERK, extracellular signal-regulated kinases; Trk,
activates tyrosine kinase; CREB, cAMP response element-binding protein.

Figure 1.1: Signaling pathways of BDNF (Yang et al., 2020).
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1.3.5.3. The Cytokine Hypothesis

Proinflammatory cytokines have been shown to have neurotoxic effects,
which may be associated with depression (Chen et al., 2020). Chronic stress,
a crucial contribution to the etiology of depression, is a primary mechanism through
which systemic inflammation may result in the augmentation of neuroinflammation
(Hayley et al., 2021).

Chronic stress alters Blood Brain Barrier (BBB) permeability and the generation of
pro-inflammatory cytokines, that may be carried over the BBB by cytokine-specific
BBB transporters (Kim & Won ., 2017). It alters astrocyte function via pathways
involving prostacyclin, Nitric Oxide and Reactive Oxygen Species (ROS)
(Varatharaj & Galea, 2017). It is also raises sympathetic nervous system activity,
which in turn elevates the number of peripheral monocytes that may enter the brain

and drive microglial activation (Kaufmann et al., 2017).

Activated microglia secrete pro-inflammatory cytokines such as IL-1 and Tumor
Necrosis Alfa TNF-a , both of which are toxic to the brain (Won & Kim, 2020).
When proinflammatory cytokines stimulate the Hypothalamic-Pituitary-Adrenal Axis
(HPA axis), cortisol is produced (Milligan et al.,2021). Long-term exposure to
cortisol may influence inflammatory regulation by decreasing the peripheral immune

system's responsiveness to anti-inflammatory feedback (Chen et al., 2021).

Blood levels of Interleukine-6 (IL-6), TNF-a , and C-reactive protein (CRP) were
significantly higher in individuals with depression compared to healthy subjects in
numerous studies of peripheral inflammatory indicators (Osimo et al., 2020).

The kynurenine (KYN) pathway is also linked to the neuroinflammatory state
(Fig.1.2). L-tryptophan is converted to serotonin by tryptophan hydroxylase (TPH),
while proinflammatory cytokines promote the KYN pathway, which converts L-

11
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tryptophan to KYN through indoleamine 2,3-dioxygenase (IDO), a distinct
mechanism for tryptophan metabolism (Troubat et al., 2021).The enzyme kynurenine
3-monooxygenase then converts kynurenine into the neurotoxic chemicals 3-
hydroxy-kynurenine (3-HK), 3-hydroxy-anthralin acid (3-HA), and quinolinic acid
(3-QA). KYN is also converted by Kkynurenine aminotransferases into

neuroprotective kynurenic acid (KYNA) (Duda et al., 2019).

These product of KYN pathway lead to neurotoxic effects through induce
oxidative stress and glutamate-mediated excitotoxicity (Kim & Won, 2017,
Troubat et al., 2021).

Kynurenine 5-Hydroxytryptophan
lKMO l
3-HK 7 Serotonin (5-HT)

lenurenase
‘,3-HANA‘.

IPHAA oxygenase (3HAO)
‘E?uinolinic Ad@

Figure.1.2 : kynurenine pathway (Parrott et al .,2016)

Abbreviation: Indoleamine-2,3-dioxygenase (IDO); tryptophan-2,3-dioxygenase (TDO); kynurenine-3-
monooxygenase (KMO); kynurenine aminotransferase  (KAT); 3-hydroxykynurenine  (3-HK);
3-hydroxyanthranilic acid (3-HANA).
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1.3.5.4.The endocrine hypothesis

The appropriate activation and cessation of HPA axis activity promotes survival
and improves physiological and behavioral stress responses ,while dysregulation lead

to depression, anxiety, and post-traumatic stress disorder (Kinlein et al., 2022).

According to studies, cortisol levels are higher in depressed patients
(Choi et al., 2022;Choi et al., 2018). In a systematic review, melancholic and
psychotic depression showed the most pronounced rise in baseline cortisol levels,

although atypical depression did not (Nandam et al., 2020).

It's interesting to note that both mania and major depressive disorder can be
precipitated by Cushing's syndrome or protracted corticosteroid medication (Santos
et al., 2021). Higher evening cortisol levels indicate a higher likelihood of long-
lasting depression episodes .Increased cortisol secretion may play a role by inducing
tryptophan 2,3-dioxygenase, the main metabolising enzyme of tryptophan
(Anacker et al., 2022)..

1.3.5.5. The Glutamate Hypothesis of Depression

The main excitatory neurotransmitter in the brain is glutamate, an amino acid
(McGrath et al., 2022). Over the last few decades, there has been a growing
understanding of the roles the glutamatergic system plays in the pathogenesis and
treatment of mood disorders in general and depressive disorders in particular
(Alexander et al., 2021).

Although glutamate is present throughout the brain, excessive glutamate release
has been linked to brain damage brought on by excitotoxicity . Preclinical evidence
of the antidepressant effects of NMDA antagonists supports the hypothesis that the
glutamatergic system is involved in mood disorders (Borbély et al., 2022).

13
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Additionally, studies that showed changes in the levels of glutamate (both
peripherally and centrally) in people with mood disorders supported this involvement
(Fullana et al., 2019). Ketamine have been shown to have strong antidepressant and
anxiolytic effects in recent clinical and preclinical research through modulation

glutamate receptor (Zanos & Gould, 2018).
1.3.5.6. Oxidative Stress Hypothesis

Oxidative stress is characterized by an imbalance between Reactive oxygen
species (ROS) production and cellular antioxidant capability. Reactive nitrogen
species (RNS), ROS, and carbon- and sulfur-centered radicals are all produced as
byproducts of oxidative phosphorylation, which is the main source of Adenosine
triphosphate (ATP) in cells (Lindgvist et al., 2017). Because it consumes a lot of
oxygen and has a high concentration of oxidizable lipids, the brain is more
vulnerable to harm from elevated ROS than other organs of the body
(Schieber & Chandel, 2014). Increased ROS generation may result from this higher
oxygen demand (Belleau et al., 2019).

The pathophysiology and development of MDD have been linked to elevated
ROS by various mechanisms such as tissue damage, inflammation
neurodegeneration , autoimmune mechanisms generated by tissue damage and

apoptosis (Mellon, 2016).
1.3.6. Diagnosis of depression

There are currently no particular biomarkers that may be employed in clinical
settings or for academic research to support the diagnosis of depression
(Kamran et al.,2022).In order to diagnosis the depression , multidimensional

approach is used that is based on a psychiatric examination using The Diagnostic and
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Statistical Manual of Mental Disorders-5 (DSM-5) and the International
Classification of Diseases diagnostic criteria-10 (ICD-10) (Carter, 2014).

Depression-related symptoms must satisfy the DSM-5 criteria in order to be
identified as such: persons must have feelings of sadness, low mood, and loss of
interest in their typical activities that have continued for at least two weeks. These
changes must also be accompanied by at least five other common symptoms of
depression, including: modification of appetite, weight gain or loss, insomnia, low

energy, hopelessness, an inability to focus, Suicidal thoughts .

Under ICD-10, the patient must exhibit two of the first three symptoms
(depressed mood, lack of interest in daily activities, and decreased energy) as well as
at least two of the following seven symptoms; modification of appetite, weight gain
or loss, insomnia, low energy, hopelessness, an inability to focus, Suicidal thoughts .
symptoms must have been present for at least two weeks. In both ICD-10 and DSM-
IV the symptoms must result in impairment of functioning that increases with the
episode severity. No medical problem or drug usage must be the cause of the
symptoms, must rule out any other mental health conditions that may potentially

cause depression but are not severe depressive disorders(Kennedy ,2022).
1.3.7. Treatment of depression

Although depression is a curable illness, not everyone responds to therapy.
Depression is treated with medication and non-medication therapies, including
psychotherapy and electroconvulsive therapy (ECT) (He et al., 2021; Li et al., 2021)
Consequently, psychotherapy alone or along with antidepressant medication is often
recommended for the treatment of depression.
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1.3.7.1 Pharmacological treatment
1.3.7.1.1 Selective Serotonin Reuptake Inhibitors(SSRIs):

These drugs act by inhibiting the reuptake of 5-HT into presynaptic neurons
resulting in increased its concentration at synapses. Although SSRIs enhance
serotonin levels in the synapses, there is a delayed start of action that can last for two
to three weeks (Edinoff et al.,2021).

The Food and Drug Administration (FDA) has approved the following SSRIs to treat
depression: fluoxetine, citalopram, escitalopram, paroxetine, and sertraline
(Edinoff et al.,2021).

SSRIs are the first-choice treatment for depressed individuals of all ages due to
their high tolerance and broad-spectrum effectiveness. Patients did, however, suffer
side effects such as gynecomastia, excitement, diarrhea, sleeplessness
(Jietal., 2019).

1.3.7.1.2. Monoamine Oxidase Inhibitors (MAOISs) :

Monoamine Oxidase Inhibitors increase monoamines concentration at synapses
by prevent monoamine oxidases A and B from oxidizing serotonin (5-HT),

norepinephrine, and dopamine .

Iproniazid was the first MAOI used to treat depression. Phenelzine and
isocarboxazid, in addition to tranylcypromine, are further first-generation MAOIs
that are still utilized for Treatment-Resistant Depression combined with another

antidepressant , hypertension is an adverse effect of these medications (Aree, 2020).

16



Chapter one Introduction and Literature review

1.3.7.1.3. Tricyclic Antidepressants

Tricyclic antidepressants (TCAS) inhibit reuptake transporters of monoamines,
causing an excess of 5-HT and norepinephrine in the presynaptic cleft, and block
5-HT and norepinephrine transporter presynaptic receptors to increase their activity.
TCAs also have a number of negative side effects due to their competitive
antagonistic actions on postsynaptic H-receptors, a-receptors , and p- receptors
(Elias et al., 2022).

Among the first generation of TCAs created were imipramine, clomipramine, and
doxepin. Compared to imipramine, clomipramine is more effective at treating
depression. Doxepin improves sleep in depressed patients (Wichniak et al., 2017)

and is approved by the FDA to treat insomnia (Sateia et al., 2017).

Nortriptyline is commonly prescribed to people with major depressive disorder
and ischemic heart disease because it reduces platelet activation (Elias et al., 2022).
Sadly, TCAs may have substantial side effects. The antagonistic activation of
H-receptors, a-receptors, and p- receptors resulted in varying degrees of adverse
consequences, including drowsiness and cardiac abnormalities, including irregular

cardiac conduction, arrhythmia, and myocardial infarction (Elias et al., 2022).
1.3.7.1.4. Serotonin-Norepinephrine Reuptake Inhibitors(SNRIs):

These drugs act by inhibiting the reuptake of serotonin and norepinephrine, two
important neurotransmitters implicated in depression, Venlafaxine, the first SNRI,
was authorized by the FDA and sold in the United States as a first-line antidepressant
(Mekonnen et al., 2020).

Desvenlafaxine, duloxetine, levomilnacipran, milnacipran, also authorized for

treatment of depression. SNRIs have side effects including drowsiness, constipation,
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sleeplessness, and perhaps the disruption of metabolic pathways connected to

hyperglycemia (Mekonnen et al., 2020).
1.3.7.2. Psychotherapies

Psychotherapies are the second-line treatment for depression after
antidepressants, and both are successful. Cognitive behavioral therapy is the most
extensively researched form of psychotherapy for depression. however, many other
forms, including interpersonal, psychodynamic, problem-solving, behavioral
activation (Cuijpers et al., 2021). Only 41% of people with depression benefit from
psychotherapy (Furukawa et al., 2021).

1.4. Oxidative stress

Oxidative stress (OS) is a physiological condition that happens in the body.
oxidative stress may be defined as an imbalance between pro-oxidants and
antioxidants in the body ,Several enzyme systems such as the superoxide dismutase
(SOD), catalase (CAT) and glutathione(GSH) involved in vivo redox homeostasis

keep normal intracellular ROS levels low (Liguori et al.,2018).

A free radical is any atom or molecule with one or more solitary electrons in its
outer layer. Several metabolic processes produce free radicals as a physiological
byproduct (Gulcin, 2020).

Some of free radicals are kept in a regulated state because they help the organism
perform critical processes; on the other hand, free radicals exist in their natural state
and interact with diverse tissue components (Liguori et al.,2018). The oxygen-
containing radicals are the most significant free radicals generated by metabolic
processes (ROS) (Phaniendra et al.,2015). The superoxide dismutase and catalase
are antioxidant enzymes that eliminate free radicals such as peroxide and hydrogen
peroxide and have antioxidant properties (Salehpour et al.,2019).
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In terms of antioxidant enzyme performance in depressed individuals, it appears
that superoxide dismutase is raised or lowered in response to high superoxide
concentrations (Bhatt et al., 2020) . More particular, SOD appears to be enhanced in
red blood cells while decreasing in serum and plasma
( Kotzaeroglou& Tsamesidis,2022). The same appears to be true for the enzyme
catalase (Bhatt, 2014).

1.4.1. Superoxide dismutase

Superoxide dismutases (SODs) are a group of metalloenzymes. These proteins
catalyze the dismutation of superoxide anion free radical (O2-) into molecular

oxygen and hydrogen peroxide (H,0,) (Younus ,2018).

Superoxide dismutase is regarded as the initial line of defense against rising OS.
(Mittal et al., 2014). Based on the metal cofactors present in the active sites, SODs
can be classified into four distinct groups: Copper-Zinc-SOD (Cu, Zn-SOD), Iron
SOD (Fe-SOD), Manganese SOD (Mn-SOD), and Nickel SOD.The different forms
of SODs are unequally distributed throughout all biological kingdoms and are
located in different subcellular compartments (Younus ,2018). According to many
studies, SOD activity is either enhanced or lowered during the depression
(Liu et al., 2017).Unipolar depression is connected to a high level of OS when
antioxidant levels—like SOD—are low and Malondialdehyde (MDA) levels are high
(Bajpai, 2014). Antidepressant therapy restores the elevated levels of SODs to
normal. Patients' postmortem imaging brain tissues, in particular the prefrontal
cortex, showed increased SOD activity. According to a clinical investigation,
individuals with acute-phase MDD had significantly higher blood levels of SOD and
CAT activity than those without the condition(Caruso et al., 2020).
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1.4.2. Catalase enzyme

Catalase is a common enzyme found in nearly all living organisms exposed to
oxygen which catalyzes the decomposition of hydrogen peroxide to water and
oxygen. It is a very important enzyme in protecting the cell from oxidative damage
by reactive oxygen species (ROS)(Rai, 2019). Catalase has one of the highest
turnover numbers of all enzymes; one catalase molecule can convert millions of

hydrogen peroxide molecules to water and oxygen each second (Muraro, 2019).

Catalase is a tetramer of four polypeptide chains, each over 500 amino acids long
(Jena et al.,2022). It contains four iron-containing heme groups that allow the
enzyme to react with hydrogen peroxide (Hansberg et al.,2022). Catalase levels in
the brain tissues of stressed mice were shown to be lower as a result of chronic
unexpected mild stress (Bhatt, 2014). In acute episodes of depression, catalase

concentration has been found to increase in several clinical trials (Camkurt, 2017).

The idea that OS is elevated in depression is thus supported by increased catalase
activity. Even in the absence of an altered OS, catalase overexpression enhances
learning and memory and lessens anxiety symptoms, and antidepressant therapy

raises the levels of this antioxidant enzyme in depressed individuals (Muraro, 2019).
1.5. Interleukine-6(1L-6)

Interleukine-6 is a soluble mediator with a pleiotropic effect on inflammation,
immune response, and hematopoiesis. IL-6 is made up of 212 amino acids, including
a 28-amino-acid signal peptide, and its gene has been mapped to chromosome 7p21.
Although the core protein is ~20 kDa, glycosylation accounts for the size of 21-26
kDa of natural IL-6 (Zhang et al.,2017). Many researches shows that IL-6 plays an
important role in the pathophysiology of depression and is the most consistently

elevated cytokine in MDD patients' blood samples. A longitudinal study discovered
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that children with higher circulating levels of IL-6 at age 9 had a 10% higher risk of
developing MDD by age 18 compared to children with lower circulating levels of IL-
6 or the general population, providing the first encouraging evidence for the role of
IL-6 in the occurrence of depression. Another evidence for potential role of IL-6 in
depression is that peripheral levels of IL-6 were found to be positively correlated
with symptom severity in  patients not respond to anti-depressant treatment
(Khandaker et al., 2014).

In animal researches, mice that shown depression symptoms like anhedonia were
found with raised circulating levels of pro-inflammatory cytokines such as IL-6
(Haapakoski et al.,2015). Moreover, in another investigation on male Wistar rats,
blood levels of pro-inflammatory cytokines such as IL-6 were shown to be greater in

acute and restraint stress rats than in non-stressed (Roohi et al.,2021).

Cytokines can reduce serotonin production by activating the enzyme indoleamine
2,3 dioxygenase (IDO), which converts the precursor of serotonin (tryptophan) to
kynurenine (KYN) rather than metabolizing tryptophan to serotonin, resulting in

serotonin depletion that connected to depression (Zhang et al.,2017).

Moreover, cytokines can influence serotonin signaling by increasing monoamine
transporter expression and function (Slusarczyk et al., 2015). Previous study found
that IL-6 directly regulates serotonin transporter (SERT) levels and so modulates

serotonin reuptake (Kong et al.,2015).
1.6. Tumor Necrosis Factor Alfa(TNF-a)

TNF-o is a multifunctional cytokine that is involved in a variety of
physiological and pathological processes (Kalliolias &lvashkiv, 2016). It was first
discovered for its potential to cause tumor cell necrosis, but it has since been linked

to a wide range of biological activities (Sedger & McDermott,2014). TNF-a is
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primarily generated and released by macrophages and via numerous cell types

capable of generating it including glial cells and neurons in the brain (Probert, 2015).

TNF-a is produced and localizes in the cell membrane until it is proteolytically
cleaved by the TNF—converting enzyme, releasing the soluble form of the protein.
The transmembrane and soluble forms of the protein are both physiologically active,
attaching to and activating TNF receptor 1 (TNFR1) and TNF receptor 2 (TNFR2)
(Jang et al.,2021). Although TNFR1 and TNFR2 share several roles (e.g.,
development of immune defense systems, induction of inflammation, and
encouragement of cell proliferation and survival), they also exhibit unique and
sometimes opposing, biological activities (Menard et al., 2017). Principally, TNFR1
Is associated with pathological processes such as inflammation, apoptosis, and
necrosis, while TNFR2 is largely tied to physiological responses such as host

defense, tissue repair, and regeneration (Medler & Wajant ,2019).

TNF-a is important in many physiological processes, notably those involving the
central nervous system .TNF-a, for example, has a direct influence on neuronal
function and survival in the brain, regulating neurotransmitter production and release,
managing synaptic transmission, and contributing to myelin creation and
maintenance (Cheng et al.,2018). A large body of evidence supports the role of
TNF-a in depression . Microarray mRNA studies demonstrate increased expression
of transemembraneTNF-a in the prefrontal cortex of suicide victims
(Brymer et al., 2019). In fact, higher suicidal ideation itself is associated with an
increased cytokine profile, including elevated TNF-a (Cheng et al.,2018), and high
circulating levels of TNF-a are found in peripheral tissues of suicide victims
(Rani et al.,2022). Several lines of evidence support the efficacy of TNF-a inhibitors
in the treatment of depression. Patients with rheumatoid arthritis and plaque psoriasis
taking prescribed etanercept, which is a TNF-a antagonist, reported significant

reductions in depressive symptoms (Benedetti et al.,2022).
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1.7. Toll-like receptors (TLRS)

Toll-like receptors are pattern-matching receptors that activate innate immune
responses in response to the detection of certain molecules. Ten unique TLRs have so
far been discovered in humans, whereas 13 have been discovered in rodents
(Anwar et al., 2019).

By localizing at the plasma membrane or in endosomes, these receptors facilitate
the activation of appropriate immune responses against several pathogens, including
bacteria, viruses, and fungi. TLRs are capable of detecting a wide range of
molecules, including Pathogen-associated molecular pattern molecules (PAMPS),
and Damage-associated molecular patterns (DAMPS); these increase susceptibility to

depression (Slavich & Irwin, 2014).

Each TLR have ligand-specific PAMPs such as Bacterial tri-acylated proteins
(TLR1/6), bacterial di-acylated lipoproteins (TLRs 2/6), bacterial flagellin (TLR-5),
bacterial lipoteichoic acid (TLR-2), and Gram-negative bacterial lipopolysaccharide
(TLR-4). TLR3, 7, 8, and 9 are endosomal-associated TLRs that recognize double

and single stranded viral RNA.

It was recently proposed that TLR10 recognizes double-stranded Ribonucleic
acid (dsRNA) and human immunodeficiency virus HIV-1 protein
(Henrick et al., 2019). TLRs are expressed not only in the immune cells of the
periphery but also in the cells of the central nervous system such as microglia,
astrocytes, neurons, and oligodendrocytes. These cells could be involved in altering
mental moods and might have a direct impact on brain activity, which would help
explain depression (Figueroa-Hall et al., 2020).
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1.7.1. Role of TLR4 in Depression

There are growing evidence that toll-like receptors, particularly TLR4, are
important in the pathophysiology of major depressive illness (Zhang et al.,2020). The
downstream signaling of TLR4 leads to the production of pro-inflammatory
cytokines, such as TNF-o and IL-6 in response to exogenous pathogen-associated

molecular patterns like Lipopolysaccharide (LPS) (Liu et al., 2014).

Stress resulting from physical, physiological, and psychological factors produces
and releases DAMPs (Serna-Rodriguez et al., 2022). One of the DAMPSs in
psychiatry that has received the most research is S100 calcium-binding protein B
(S100B). This small (10 kDa) protein is one of the S100 family of Ca2+-binding
proteins. S100b is a product of astrocytes. An investigations has shown a correlation
between depressive-like behavior and elevated hippocampus S100b expression after
chronic stress (Hao et al., 2020). In the absence of stress, Heat Shock Proteins
(HSPs), which act as chaperones and support the production and assembling of
proteins, are ubiquitously produced intracellular proteins. However, through binding
to the TLR2 and TLR4, during necrosis or stress release of these proteins into the
extracellular matrix provokes an inflammatory process and increases the release of

inflammatory cytokines (Borges et al., 2016).

One of the recognized HSPs, inducible HSP70, which controls inflammatory
responses to stress, has been linked to mental conditions including depression
(Abautret-Daly et al.,2018). Numerous studies using animal depression models
observed substantial alteration in HSP70 expression following acute stress exposure
(Benatti et al.,2018). The abundant nuclear protein high mobility group box 1 protein
(HMGB1), which has been associated with various inflammatory illnesses, is present

in the majority of cell types (Musumeci et al., 2014). In a healthy body, HMGB1 is
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mostly found in the nucleus, where it controls gene transcription and serves as a

Deoxyribonucleic acid (DNA) chaperone (Musumeci et al., 2014).
1.7.2. Signals of TLR4

The downstream signaling of TLR4 depend on the recruitment and activation of
molecular machinery that confers plasticity to the system. This machinery is
necessary for initiation of two-distinct signaling cascades: the myeloid differentiation
protein 88 (MyD88) or the TIR-domain containing adapter inducing IFNB (TRIF)-
dependent signaling pathways. These two pathways are distinguished by the adapter

molecules recruited to each receptor

The activation of TLR4 by PAMPs, such as LPS, or DAMPs, such as HMGB1land
HSPs, can activate two pathways: the myeloid differentiation factor 88 dependent
pathway (MyD88-dependent pathway) and the MyD88-independent pathway
(Li & Wu 2021). Following LPS stimulation, interleukin 1-associated kinases-1 and
4 (IRAK1 and IRAK4) are recruited to the MyD88-dependant pathway (A) and

interact with tumor necrosis factor associated factor 6 (TRAF6) proteins.

TRAF6 recruits transforming growth factor-p-activated kinase-1 (TAK1) and
TAKZ1-binding proteins (TABs) which activate the Nuclear factor kappa (NF-«xB)

and/or mitogen-activated protein kinases (MAPK).

In resting states, NF-kB is sequestered in the cytosol by inhibitory IkB kinases
(IKKa and IKK) (Yu et al.,2023). Phosphorylation of the IKK complexes by TAK1
results in their proteasomal degradation and liberation of NF-kB which subsequently
translocates from the cytosol to the nucleus where it can induce gene expression
(Chen et al.,2020). Concurrently, TAK1 activates the MAPK pathway resulting in
the phosphorylation and activation of the transcription factor activator protein 1 (AP-

1) which translocates to the nucleus and binds to DNA.
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Additionally, the LPS/TLR4 MyD88-independent signaling pathway involves
the activation of TIR-domain-containing adapter-inducing interferon-g (TRIF) (B)
and signaling to TANK-binding kinase (TBK1), IKK and interferon regulatory factor
3(IRF3). This pathway results in interferon-related cytokines, and can potentiate NF-
kB gene transcription. Ultimately, gene transcription leads to the production of IL-
1B, IL-6, IL-8, TNF-a, TNF-B, inducible nitric oxide synthase (iINOS) and
cyclooxygenase 2(COX-2) (Figueroa-Hall et al.,2020) ( Fig 1.3).
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Figure 1.3: Signaling of TLRS in depression ( Li et al.,2021).

Abbreviations: LPS, Lipopolysaccharide; TLR4, Toll-like receptor 4; MyD88, myeloid differentiation
primary response gene 88; IRAK1 and IRAK4, interleukin 1-associated kinases-1 and 4; TRAF6, tumor
necrosis factor associated factor 6; TAK1, transforming growth factor-p-activated kinase-1; TABs, TAK1-
binding proteins; MAPK, mitogen-activated protein kinases; IKKa and IKKp, inhibitory IkB kinases; AP-1,
activation of the transcription factor activator protein 1; TRIF, TIR-domain-containing adapter-inducing
interferon-B; TBK1, TANK-binding kinase; IRF3, IKK, and interferon regulatory factor 3; iNOS, inducible

nitric oxide synthase; COX-2, cyclooxygenase 2.
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1.7.3.Expression Pattern and Functionality of TLR4 Across Species

In the human central nervous system (CNS), TLR4 is expressed by two types of
non-neuronal supportive cells: the CNS residential macrophages or microglia and the
macroglial cells such as astrocytes . In microglia, TLR4 protein is localized within
intracellular vesicles and is undetectable on the cell surface (only ~15% of microglia
cells express TLR4). Astrocytes and oligodendrocytes also slightly express TLR4. In
astrocytes, TLR4 is exclusively localized on the cell surface and is not detectable
within intracellular vesicles. This difference in the TLR4 subcellular localization may
be linked to the different phagocytic and antigen processing properties of microglia
and astrocytes. Development of multiple sclerosis lesions in humans is associated
with higher levels of TLR4 expression. The TLR4 mRNA level increases in a human
brain endothelial cell line following oxidative stress (Vaure & Liu, 2014).

Primary rat brain endothelial cells slightly express the TLR4 mRNA under basal
conditions . Rat brain expresses TLR4 and its expression pattern evolves during the
brain development. The number of TLR4-positive cells is considerably lower in P3
and P5 (preterm human equivalents) rat brains than in P7, P9, or P14 (human early
childhood equivalent) brains. Inflammatory events often associate with oxidative
stress, which in turn affects TLR expression. As in human, oxidative stress induces
TLR4 mRNA synthesis in rat cerebral endothelial cells (Vaure & Liu, 2014).

Rat microglia clearly expresses TLR4 and CD14. Similar to mice but in contrast to
humans, neither astrocyte nor oligodendrocyte precursors express TLR4 in rats.
Thus, microglia appears to be the major cell type in the rat CNS able to transduce
LPS signals. LPS-treated rat microglia from the forebrain induces oligodendrocyte
death. LPS does not affect the TLR4 expression in cultured glial cells but LPS-
activated microglia produce a wide variety of reactive oxygen species and cytokines.
Similar to the mouse, this could explain the microglia-mediated injury to
oligodendroglial precursors following LPS exposure since rat oligodendroglial
precursors are vulnerable to such mediators (Vaure & Liu, 2014).

1.8. Empagliflozin

Empagliflozin is a strong and specific inhibitor of sodium-glucose cotransporter 2
(SGLT2). Since August 2014, the FDA has approved empagliflozin for the treatment
of type Il diabetes mellitus (T2DM) (Moon et al., 2022). Approximately 90% of
renal glucose reabsorption in the proximal tubule of the nephron is mediated by
SGLT2 (Ramani et al.,2022). It is lipid-soluble and cross the blood-brain barrier
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(Tahara et al.,2016). Recent research indicates that empagliflozin has powerful anti-

inflammatory properties (Lee et al., 2021).

Furthermore, a significant reduction in mitochondrial ROS levels, IL-6 and NF-
kB expression, and an increase in SOD1(SOD bind to copper and zinc) were
observed (Uthman et al., 2022). This gives evidence that empagliflozin therapy has
anti-inflammatory and antioxidant characteristics (Canet et al., 2021). By blocking
the TLR4/NF-kB signaling pathway, empagliflozin produced renoprotective,
antioxidative, and  antiapoptotic  effects and reduced inflammation
(Al-Wakeel et al., 2022). Empagliflozin significantly reduced the levels of
inflammatory markers such as TNF-o , TLR4, IL-6, and IL-18
(Maayah et al., 2021).

In human proximal tubular cells, SGLT2i inhibit the formation of ROS and the
expression of pro-inflammatory markers (including TLR4, NF-kB, and IL-6) caused
by high glucose level (Pirklbauer, 2021). Empagliflozin has been found to lower the
formation of ROS and increase antioxidant defense systems (Gokbulut et al., 2022).

1.8.1. Chemical structure of Empagliflozin

Formula(CxH,;ClO;) . It is A C-glycosyl compound consisting of a B-glucosyl
residue having a (4-chloro-3-{4-[(3S)-tetrahydrofuran-3-yloxy]benzyl}phenyl group
at the anomeric center (Figure 1.4).

Figure 1.4:Structure of empagliflozin (Moon et al.,2022).
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1.8.2. Mechanism of action of Empagliflozin

Empagliflozin increases urine excretion of glucose and decreases renal
reabsorption of glucose via inhibiting SGLT2 present in the proximal tubules of the

kidneys. The medication has a glucose-lowering effect without the help of insulin.

Empagliflozin at doses 10 mg and 25 mg increase urine glucose excretion by
around 64 grams daily and 78 grams daily in diabetic patients, respectively.
Additionally, empagliflozin has been linked to decreased blood pressure and weight

loss without raising heart rate (Heise et al., 2016) (Figure 1.5).
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Figure 1.5: Mechanism of action of empagliflozin (Ramani et al.,2022).

1.8.3. Side effects of Empagliflozin

Based on their mode of action, SGLT2 inhibitors produce a variety of side
effects, including urinary tract infections, vaginal infections, and diabetic
ketoacidosis. In clinical studies empagliflozin was typically well tolerated
(Kaku et al.,2022).
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1.9. Fluoxetine

Fluoxetine is a selective serotonin reuptake inhibitor of the second generation
SSRI. It acts as an antidepressant and the FDA approved its use for other conditions
including obsessive-compulsive disorder, panic disorder, bulimia, premenstrual

dysphoric disorder, and bipolar depression (Shelton, 2022).

Fluoxetine has unapproved applications for treating social anxiety disorder,
adult post-traumatic stress disorder, Raynaud's phenomenon, and Autism
(Zanardi et al., 2022). The oral bioavailability of fluoxetine is 90% this allows the
medication and its active metabolite, norfluoxetine, to be transported to the brain
(Wenthur et al., 2014).

1.9.1. Chemistry and structure of Fluoxetine
Formula (C;HgF3NO)

It is An N-methyl-3-phenyl-3-[4-(trifluoromethyl)phenoxy]propan-1-amine that

has an R configuration (Figure 1.6) .

H
N O

—

Figure 1.6: Structure of fluoxetine (Shelton,2022).
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1.9.2. Mechanism of Action of Fluoxetine

Fluoxetine exerts its effects by blocking the reuptake of serotonin into
presynaptic serotonin neurons by blocking the reuptake transporter protein located in
the presynaptic terminal. As a result, levels of 5-HT increase across the brain .

Fluoxetine also has mild activity at the SHT2A and 5HT2C receptors.

Fluoxetine has minimal activity on noradrenergic reuptake. Due to its reuptake of
serotonin, fluoxetine produces an activating effect, and due to its long half-life, the

initial antidepressant effect emerges within 2 to 4 weeks (Efinger et al., 2021).
1.9.3. Side Effects of Fluoxetine

Most common side effects reported by adults include insomnia, nausea,
diarrhea, anorexia, dry mouth, headache, drowsiness, anxiety, nervousness, yawning,
decreased libido, decreased arousal (seen as decreased lubrication in women and
decreased erectile function in men), bruising, bleeding (rarely), hyperhidrosis,
suicidal ideation and behavior (especially in teenagers), weight gain/loss, decreased
orgasm (anorgasmia and ejaculation latency), muscle weakness, tremors
(Mullen,2018)

1.10. Animal Models of Depression

1.10.1. Chronic Unpredictable Stress (CUS)

The chronic unpredictable stress paradigm is the animal model most widely
utilized (He et al., 2020). Willner et al. created a model of chronic mild stress (CMS)
in which alternating types of mild stressors are applied (Willner, 2017). The chronic
unexpected stress created a depression-like phenotype with favorable facial,
structural, and predictive validity (Becker et al., 2021).
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The chronic unpredictable stress paradigm causes a variety of physiological
alteration in rodents, including sleep disruption, a decline in sexual, aggressive, and
exploratory behavior, a drop in locomotor activity and weight, stimulation of HPA
axis with enhanced expression of CRH (corticotropin-releasing hormone) in the
hypothalamus, ACTH (adrenocorticotropic hormone)/corticosterone hypersecretion
and adrenal hypertrophy (He et al., 2020). The chronic unpredictable stress produces
aberrant regulation of the HPA axis, alterations in the serotonergic, noradrenergic,
and dopaminergic systems, and a decrease in hippocampus BDNF levels
(Becker et al., 2021).

Typically, to produce chronic unpredictable stress, animals are randomly
subjected for three weeks to a range of long-term inescapable stressors, including
walking on ice, tube restraint, tail suspension, day and night reversal, tail clipping,
and water or food restriction (Lezak et al., 2022). Afterward, behavioral features are
evaluated. Anhedonia and despaired are the most prominent symptoms seen by
animals exposed to CUS (Planchez et al.,2019). Chronic antidepressant therapy
increase sucrose preference in Sucrose Preference Test (SPT) and extended periods

of immobility in the Forced Swimming Test (FST) (Sequeira-Cordero et al., 2019).
1.10.2. Behavioral tests

1.10.2.1. Sucrose Preference Test (SPT)

Anhedonia, or a diminished ability to sense enjoyment, is frequently assessed
in animals using the sucrose preference test (Markov,2022). An effective depression
model with anhedonia is shown by a reduction in the sucrose uptake ratio of an
experimental animal. It is commonly acknowledged that the SPT is the best-suited
behavioral test for the chronic mild stress paradigm (Hao et al., 2019). The two
primary internal characteristics that characterize an exceedingly severe depressive

state in psychopathology are anhedonia and pressure sensitivity.

32



Chapter one Introduction and Literature review

It also symbolizes a state of exhaustion or a lack of energy brought on by
depressive stress, which antidepressants can treat (He et al., 2020). An animal is
considered depressed if its sucrose intake is decreased. This test has the following
benefits : (1) It is the simplest test for anhedonia in animals with depression; (2) it
causes less animal suffering; and (3) it is appropriate for use in investigations on the

comorbidity of depression (Hao et al.,2019).
1.10.2.2. Forced Swimming Test (FST)

The FST is based on the concept that when an animal is placed in a container
filled with water, it will first try to escape but gradually show immobility which
might be interpreted as a sign of behavioral despair. For a variety of reasons, the FST
model is widely used in animal research (Gorman-Sandler et al.,2021). First, it
involves subjecting the animals to stress, which has been linked to a propensity for
depression. Additionally, depression is sometimes seen as an inability to deal with
stress. Second, it has been demonstrated that taking antidepressants
pharmacologically before the test can minimize immobility in the FST. It is
frequently used to screen for new compounds with antidepressant properties (Harada
et al.,2023). Additionally, it has been demonstrated that the FST exhibits some of the
same characteristics as human depression, including alterations in food intake,
irregular sleep patterns, and medication withdrawal-induced anhedonia. This is also
the rationale for the use of this test to assess depressive-like behavior in mutant mice,
together with an alteration in baseline immobility (Hao et al., 2019).

1.11. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

Regardless of a cell's unique purpose within a tissue or organism,
housekeeping genes are necessary for the upkeep of fundamental cellular processes
that are necessary for a cell to survive. Therefore, it is anticipated that they will be

produced in every cell of an organism under normal circumstances, regardless of the
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type of tissue, developmental stage, cell cycle phase, or external signal. In methods
like gqRT-PCR, Western blotting, RNA blotting, and others, HKGs are frequently
employed as reference genes to normalize the expression of target genes
(Jiang et al., 2020).

Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) is a critical regulatory
enzyme that catalyzes the oxidative phosphorylation of glyceraldehyde-3-phosphate
during glycolysis and is one of the most often utilized housekeeping genes in gene
research. Housekeeping genes including GAPDH, frequently utilized as reference
genes because their expression levels stay reasonably steady in response to any
treatment (Jiang et al., 2020).
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2.1.Materials

2.1.1.Animals

Fifty male rats were purchased from a private animal house in Babylon province.
They weighed (245-300 g). The rats were kept at room temperature with a 14/10-hour
light-dark cycle and without limitations, access to food and water in the College of

Medicine/University of Babylon's Animal House
2.1.2.Instruments and Equipment

The instruments and equipment utilized in the study with their suppliers are listed
below (Table 2.1).

Table 2.1: List of instruments and equipment.

No. Instrument / equipment Company / Country
1 ELISA reader CYAN /Belgium

2 Eppendorf tubes Sigma(England)

3 Exispin vortex centrifuge Bioneer/ Korea

4 High speed Cold Centrifuge Eppendorf/ Germany
5 Hot plat stirrer Labtech /Korea

6 Incubator Memmert (Germany)
7 Micropipettes (different volumes) Eppendorf / Germany
8 Miniopticon Real Time PCR Bio-Rad/ USA

9 Nanodrop Thermo Scientific/ UK
10 Refrigerator Concord/ lebanon

11 Sensitive balance Sartorius (Germany)
12 Spectrophotometer CYAN /Belgium

13 Thermocycler apparatus Bioneer/ Korea

14 Vortex CYAN/ Belgium

15 Water bath PolyScience (USA)
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2.1.3.Kits of RNA Extraction

The kits utilized in this study, together with their manufacturers was listed in the
following table (Table 2.2).

Table 2.2 :The kits of RNA extraction, DNase | enzyme, M-MLV Reverse Transcriptase and
GoTag® qPCR Master Mix used in the study.

No. Kit Company Country
Total RNA Extraction Kit ]
1 ™ Bioneer Korea
AccuZol

Trizol reagent 100ml

2 DNase | enzyme kit Promega USA

DNase | enzyme
10x buffer

Free nuclease water

Stop reaction

3 M-MLV Reverse Transcriptase kit Bioneer Korea
M-MLYV Reverse Transcriptase (10,000U)
5X M-MLV RTase reaction buffer

dNTP
100mM DTT
RNase Inhibitor
4 GoTag® qPCR Master Mix Promega USA

gPCR Master Mix, 2X

SYBER green dye, Tag DNA polymerase
dNTPs (dATP, dCTP, dGTP, dTTP) and
10X buffer

DEPC water
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2.1.4. Primers:

National Center for Biotechnology Information (NCBI)-Gene Bank database and

the online Primer 3 design program were used to create the primers for the target

gene (TRL-4) and the housekeeping gene (GAPDH). These primers were provided

by (Bioneer company, Korea) as following table (Table 2.3):

Table 2.3: Primers of TLR-4 and housekeeping gene.

. Product | NCBI
Primer Sequence (5'-3") _
Size Reference
TLR4 F TCCGCTGGTTGCAGAAAATG
84bp NM_019178.2
gene R AGGCAGGAAAGGAACAATGC
GAPDH F AGTTCAACGGCACAGTCAAG
gene 99bp NM_017008.4
R CCCATTTGATGTTAGCGGGA

2.1.5. Chemicals :

The chemical substances employed in this study are listed in the following table:

Table 2.4 : A list of chemicals and their sources that used in the study.

No. Chemicals Company Country
1 Chloroform Labort India

2 DEPC water Bioneer Korea

3 Isopropanol Labort India

4 Absolute Ethanol Labort India

5 RNase free water Bioneer Korea
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2.1.6.Drugs

Empagliflozin 25 mg tablets from (Boehringer company, Germany ) were used
in this experiment. Empagliflozin was prepared as suspension. Fluoxetine suspension
(FLUNIL), 20mg/5ml manufactured by (INTAS company, India) used in this
experiment. Based on previous study in rodent models demonstrating anti-
inflammatory and anti-oxidative properties, the doses of empagliflozin (10 mg/kg and

20 mg/kg per day) were used in the current study (Heimke et al., 2022).
2.2.Methods

2.2.1.Study design

This study was an experimental animal study in which 50 male albino rats were
used, five groups of 10 rats have randomly divided into 10 cage, each cage has five
rats. The study has begun on September 1, 2022, until February 1, 2023, in the

College of Medicine/University of Babylon's Animal House.
2.2.2. Ethical Approval

This study was approved by the committee of publication ethics at College of

Medicine, University of Babylon, Irag. Under the reference No.4-1 on 6-7-2022.
2.2.3.Chronic unpredictable stress (CUS)

For the induction of chronic stress, the Katz method was used with some
modifications. The protocol was used as prescribed by previous study
(Jasib et al.,2022) .The stressors were used in the CUS protocol include the following
(Picture 2.1):
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1-Wet bedding (300 ml of water was added to sawdust bedding and mixed).

2-Cage tilting (the top of the cage tilted upwards by 45 degrees, containing the food

and water).

3- Loaded cage ( 10 rats in one cage)

4- Light/dark cycle inversion.

5-Five rats in a tiny cage are restrained and placed in an immobile posture.

Each stressor was presented to the animal three to four times during the experiment,
To examine depressive-like behavior in rats using the CUS model, the sucrose
preference test and the forced swimming test were performed. These tests were
performed on day O as a baseline, on day 10 to assess depressive-like behavior, and

on day 25 to evaluate the anti-depressive effects of a particular medicine.

Table 2.5: Chronic Unpredictable Stress protocol.

Day CUS protocol

1 15 minute forced swimming, 12 hrs crowded cage
2 12 hrs cage tilting(45°),1hr restraint

3 Reversal of the light/dark cycle

4 12 hrs wet bedding,12 hrs crowded cage

5 24 hrs food deprivation, 1 hr restraint

6 2 miutes Tail pinch,12 hrs water deprivation

7 12 hrs cage tilting(45°),1hr restraint

39



Chapter Two Materials and Methods
8 15minutes forced swimming,12 hrs crowded cage
9 Reversal of the light/dark cycle
10 12 hrs wet bedding,12 hrs crowded cage
11 24 hrs food deprivation, 1 hr restraint
12 Reversal of the light/dark cycle
13 12 hrs wet bedding, 12 hrs crowded cage
14 24 hrs food deprivation, 1 hr restraint
15 2 minutesTail pinch,12 hrs water deprivation
16 12 hrs cage tilting(45°),1h rrestraint
17 15 minute forced swimming, 12 hrs crowded cage
18 24 hrs food deprivation, 1 hr restraint
19 Reversal of the light/dark cycle
20 12 hrs wet bedding, 12 hrs crowded cage
21 2 minutesTail pinch,12 hrs water deprivation
22 12 hrs food and water deprivation
23 12 hrs cage tilting(45°),1hr restraint
24 Reversal of the light/dark cycle
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Picture 2.1: Chronic Unpredictable Stress Protocol(CUS):A) Wet bedding. B)Restraint .C) Gage
tilting. D) Crowded cage .

2.2.4.Sucrose Preference Test(SPT)

The sucrose preference test was used to assess anhedonia in rats as one of the
fundamental symptoms of depression (Markov,2022). Rats were initially trained to
drink 2% sucrose solution for 3 consecutive days in two bottles for a cage without
water access. Then one of these bottles was replaced with a bottle of tap water for the

following 24 hours.

The rats then spend the next 24 hours without food or drink. After this period of
deprivation, rats were subjected to SPT for one hour as follows: each rat was removed
from its cage and placed in another one that was supplied with two bottles, one of
which contained 2% sucrose solution and the other one, tap water with change the
position of the two bottles each 30 min. The following formula was used to calculate

SPI: sucrose preference (%) = sucrose intake/(sucrose intake +water intake) x100%.
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Picture.2.2:Sucrose Preference Test.
2.2.5. Forced Swimming Test (FST)

This behavioral test was employed to evaluate the despair behavior of depression
(Belovicova et al.,2017). In the FST, rats were subjected to an unavoidable swimming
circumstance in which they must swim in a water-filled cylindrical container

(20cm™*70 cm dimensions) until they stop struggling after a time of vigorous activity.

As previously documented in numerous research (Muhammad et al.,2021), the
rats were trained to swim for 15 minutes, and then the test was conducted the next day
but with a 5-min time limit. Water was replaced and the cylinder was completely
washed following each animal test. To prevent hypothermia, the animals were then
dried and kept warm using heating lamps. The duration of each animal's total
immobility was determined after the test was recorded. The animal looks to be

floating during the whole time it is immobile, stops moving, and only makes little
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movements to maintain its head above the water's surface was measured as

immobility time picture (2.4).

Picture 2.3:Forced Swimming Test.
2.3. General procedure of experiment

1- For each rats were performed behavioral test, including SPT and FST, on days O,
10, and 25.

2- The rats in G1 were not exposed to CUS and not get any treatment for 24 days.

3- The rats in G2 exposed to CUS for 24 days and received 0.5 ml of distilled water
through oral gavage for fourteen days starting on the tenth day of CUS without any

treatment.

4. The rats in G3 exposed to CUS for 24 days and received fluoxetine treatment (10
mg/kg/day) orally every day for fourteen days starting on day 10 of CUS.
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5. The rats in G4 and G5 exposed to CUS for 24 days and received an oral gavage
dosage of empagliflozin 10 mg/kg/day and 20 mg/kg/day respectively for fourteen
days starting on day 10 of CUS.

2.4. Rat brain decapitation and processing of tissue samples

The animals were decapitated on the 25th day, 24 hours after the last dose of
treatment. After dissecting the skull from the posterior foramen magnum, the brains
were extracted. The cerebellum and olfactory bulbs were removed, and the brain was
carefully removed from the skull. The hippocampus, which has a banana- like shape
was removed carefully. The cortex was held while rolling up the hippocampus using

two spatulas.

The isolated hippocampus was directly kept in Trizol reagent and transferred to
the laboratory for RNA extraction and measurement of gene expression for TLR4 and
GAPDH. The remaining part of the brain tissue was washed with phosphate buffer
saline (PBS) to remove excess blood and weighed before homogenization. It was
homogenized in phosphate buffer saline (1g of total brain tissue was homogenized in
10 mL of PBS with a glass homogenizer on ice) and used for IL-6, TNF-a,SOD, and

CAT measurements.
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Picture 2.4: Brain and Hippocampal tissue of male rat.

2.5. Measurement of Superoxide Dismutase Activity

2.5.1.Procedure of SOD measurement:

Superoxide dismutase was measured according to SOD kit (SolarBio, China)
protocol.

1- Homogenized 1 g of rat brain tissue with 10 mL of extraction reagent on an ice
bath, and then centrifuged at 8000 xg for 10 minutes at 4°C to remove insoluble

materials, and place the supernatant on ice before testing.

2. A spectrophotometer was preheated for 30 minutes and set on 560 nm wavelength,

then zero with distilled water.
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3. Reagent I, Reagent II, and Reagent V were kept in the water bath for more than 5

minutes at 37 °C, then the reagents were added as in the following (Table 2.6):

Table 2.6: Addition the reagents of SOD Kit

Reagent(ul) Test tube(T) | Control Blank Blank
tube(C) tube(B1) tube(B2)
Sample 90 90 - -
Reagent I 240 240 240 240
Reagent I1 6 - 6 -
Reagent I1I 180 180 180 180
Distilled 480 486 570 576
water
Reagent v 30 30 30 30

4. The mixture was mixed properly and incubated at room temperature for 30

minutes. After that, the absorbance was measured for each tube at 560 nm .
5.Calculations:

AAT=AT-AC, AAB=AB1-AB2.

P =[AAB -AAT]+AABx 100%

SOD (U/g mass)=11.4xP+49

[AT =Absorbance of test, AC= Absorbance of control, AB1= Absorbance of Blank 1].

[AB2= Absorbance of Blank2, P= Inhibition percentage] .
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2.6. Measurement of Catalase Activity.

2.6.1.Procedure of CAT measurement
Catalase was measured according to CAT kit (SolarBio, China) protocol.

1- The working solution of reagent was prepared just before use by adding 100 ul of

Reagent II to 20 mL of Reagent | and mix thoroughly .

2- 1 g of rat brain tissue was homogenized with 10 mL of extraction reagent on an ice
bath, and then centrifuge at 8000 xg for 10 minutes at 4°C to remove insoluble

materials, and place the supernatant on ice before testing.

3- A spectrophotometer was preheated for 30 minutes and set on 240 nm wavelength,

and adjusted with distilled water.

4- 1 mL of CAT working reagent and 35 pl of sample was added in a glass cuvette,
and mix for 5 seconds. Then, immediately detect the absorbance at 240 nm at the

initial time (A1) and the absorbance after reaction for 1 minute (A2).
5- Calculations

AA=A1-A2 ,CAT (U/g mass) = 678*AA. [Al= Absorbance at initial time. A2= Absorbance

after reaction for 1 minute.]

2.7. Measurement of 1L-6
2.7.1. Reagent Preparation of Rat IL-6 ELISA Kit

According to the protocol of the kit (Rat Interleukin ELISA Kit, BT LAB,
Shanghai Korain, kit No. EO135Ra) all reagents were brought at room temperature
before use. To make a 24ng/L standard stock solution, combine 120pl of the standard
(48ng/L) with 120ul of standard diluent. Before producing dilutions, let the standard
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sit for 15 minutes with mild agitation. Duplicate standard points were created by
serially diluting the standard stock solution (24ng/L) 1:2 with standard diluent to get
solutions of 12ng/L, 6ng/L, 3ng/L, and 1.5ng/L/L. The dilution of standard solutions

was prepared as follows (Table 2.7):

Table 2.7: Reagent Preparation of Rat IL-6 ELISA Kit.

Concentrations No. of standard Solution mixture

24ng/L Standard No.5 120ul Original standard + 120ul
Standard diluent

12ng/L Standard No.4 120pl Standard No.5 + 120ul
Standard diluent

6ng/L Standard No.3 120ul Standard No.4 + 120ul
Standard diluent

3ng/L Standard No.2 120ul Standard No.3 + 120ul
Standard diluent

1.5ng/L Standard No.1 120ul Standard No.2 + 120ul
Standard diluent

After that, prepared a wash buffer by diluting 20 ml of a concentrated wash buffer

solution with 500 ml of distilled water.

2.7.2. Procedure of measurement of IL-6

1. Prepared all reagents, standard solutions, and samples as instructed. The
experiment is conducted at a room-temperature environment.

2. A 50 pl of the standard was added into a standard well.

3. A 40pl of the sample was added to sample wells and then added 10pl Rat IL6
antibody to sample wells, then added 50ul streptavidin-HRP to sample wells and
standard wells .Mixed well and covered the plate with a sealer and incubated for 60

minutes at 37°C.
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4-The sealer was removed and the plate washed 5 times with wash buffer, the wells
were soaked with 300ul wash buffer for 1 minute for each wash. Placed paper towels
on the plate to dry it.
5- A 50ul (substrate solution A) was added to each well and then added 50l
(substrate solution B) to each well. The plate covered with a new sealer and incubated
for 10 minutes at 37°C in the dark.
6. A 50ul Stop Solution was added to each well, the blue color was changed into
yellow immediately.
7- Determined the optical density (OD value) of each well immediately using a
microplate reader set to 450 nm within 10 minutes after adding the stop solution .
8- To determine the concentration of IL-6 a standard curve was constructed by
plotting the average OD for each standard on the vertical (Y) axis against the
concentration on the horizontal (X) axis and draw a best fit curve through the points
on the graph and then determine the concentration of each sample, these calculations
were performed with computer-based curve-fitting software, and the best-fit line was
determined by regression analysis.
2.8. Measurement of TNF-a,
2.8.1. Reagent Preparation of Rat TNF-a ELISA Kit

According to the protocol of the kit (Rat Interleukin ELISA Kit, BT LAB,
Shanghai Korain, kit No. E0764Ra) All reagents were brought at room temperature
before use. To make a 640ng/L standard stock solution, 120ul of the standard
(1280ng/L) was reconstituted with 120ul of standard diluent. Before creating
dilutions, the standard was allowed to sit for 15 minutes with mild agitation.

Duplicate standard points were created by serially diluting the standard stock

solution (640ng/L) 1:2 with standard diluent to provide 320ng/L, 160ng/L, 80ng/L,
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and 40ng/L solutions. The following dilutions were proposed for standard solutions
(Table 2.8):
Table 2.8: Reagent Preparation of Rat TNF-a ELISA Kit.

Concentrations No. of standard Solution mixture

640ng/L Standard No.5 120ulOriginal standard
+120ulStandard diluent

320ng/L Standard No.4 120ul Standard No.5 + 120pl
Standard diluent

160ng/L Standard No.3 120ul Standard No.4 + 120ul
Standard diluent

80ng/L Standard No.2 120pl Standard No.3 + 120ul
Standard diluent

40ng/L Standard No.1 120ul Standard No.2 + 120ul
Standard diluent

After that, prepared a wash buffer by diluting 20 ml of a concentrated wash buffer
solution with 500 ml of distilled water.
2.8.2. Procedure of measurement of TNF-a
1. All reagents, standard solutions, and samples were prepared as instructed. The
experiment is conducted in a room-temperature environment.
2. A 50 pl of the standard was added into a standard well.
3.A 40ul sample was added to sample wells and then added 10ul Rat TNF-a antibody
to sample wells, then added 50ul streptavidin-HRP to sample wells and standard
wells. Mixed well and covered the plate with a sealer. Incubated 60 minutes at 37°C.
4.The sealer was removed and washed the plate 5 times with wash buffer, the wells
were soaked with 300ul wash buffer for 1 minute for each wash. The plate was

blotted onto paper towels to dry.
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5. A 50ul (substrate solution A) was added to each well and then added 50l
(substrate solution B) to each well. The plate covered with a new sealer and incubated
for 10 minutes at 37°C in the dark.

6.A 50l Stop Solution was added to each well, the blue color changed into yellow
immediately.

7. Determined the optical density (OD value) of each well immediately using a
microplate reader set to 450 nm within 10 minutes after adding the stop solution .

8. To determine the concentration of TNF-o a standard curve was constructed by
plotting the average OD for each standard on the vertical (Y) axis against the
concentration on the horizontal (X) axis and draw a best fit curve through the points
on the graph. and then determine the concentration of each sample, these calculations
were performed with computer-based curve-fitting software, and the best-fit line was

determined by regression analysis.
2.9. Total RNA extraction:

Total RNA were extracted from hippocampal tissue samples by using (TRIzol®

reagent kit) and done according to company instructions as following steps:

1- 100 mg hippocampal tissue sample was homogenized in 1 ml of (TRIzol®

reagent).
2- 200l chloroform was added to each tube and shaken vigorously for 1 minute .

3- The mixture was incubated on ice for 5 minutes. Then centrifuged at 12000 rpm,
4C°, for 15 minutes.

4- 500 pl of Supernatant was transferred into a new eppendorf tube, and 500ul
isopropanol was added. Then, mixture mixed by inverting the tube 4-5 times and
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incubated at -20 C° for 10 minutes. Then, centrifuged at 12,000 rpm , 4C° for 10

minutes. The supernatant was removed.

5- Iml of (80% Ethanol ) was added and mixed by vortex again. Then, centrifuge at

12000 rpm, 4C° for 5 minutes. The supernatant was removed
6- The RNA pellet was dried by inverting the tubes on tissue papers for 10 minutes.

7- 100ul of free nuclease water was added to dissolve the RNA pellet, and incubating
for 10 minutes at 60 C° with taping the tubes during incubation Then, the extracted

RNA sample was kept at -20.
2.10.Estimate of the RNA concentration and purity:

The Nanodrop spectrophotometer (THERMO.USA) was used to measure and
assess the purity of the extracted total RNA.

The absorbance in a spectrophotometer at wavelengths of 260 and 280 nm on the

same Nanodrop machine was measured as follows:

1- The Nanodrop program was opened, and the relevant program (Nucleic acid, RNA)

was chosen.
2-With a lense paper, the pedestals were cleaned many times.

3- 2 ul of free nuclease water was then carefully pipetted and placed on the lower

measurement pedestal to blank out the Nanodrop.

4- Following pedestal cleanup, 1 pl of yield RNA is pipetted for analysis.
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2.11. DNase-l Treatment:

The extracted RNA was treated with DNase- | enzyme to remove the trace amounts
of genomic DNA from the eluted total RNA by using (the DNase-1 enzyme kit) and
done according to the method described by Promega company, USA instructions as
follows (Table 2.9):

Table 2.9: DNase-1 Treatment

Mix Volume
Total RNA 100ng/ul 10ul
DNase | enzyme 1l
10X buffer 4ul
DEPC water 5ul
Total 20yl

After that, the mixture was incubated for an additional 30 minutes at 37°C. A 1 ul
stop reaction was then added, and the mixture was allowed to settle at 65 °C for 10

minutes to suppress the DNase-1 enzyme.
2.12. cDNA synthesis:

The TLR-4 and GAPDH genes' cDNAs were produced from DNase-I treated
RNA samples using the M-MLV Reverse Transcriptase kit as the manufacturer's

instructions, as shown in the following tables (Table 2.10; Table 2.11):

53



Chapter Two

Materials and Methods

Table 2.10: Step 1 cDNA synthesis

RT master mix Volume
Total RNA 100ng/ul 8ul
Random Hexamer primer 1l
DEPC water 1l
Total 10pl

Following a 10-minute denature period at 65°C, the RNA and primer were

promptly cooled on ice.

Table 2.11: Step 2 cDNA synthesis

RT master mix Volume
Step 1 RT master mix 10pl
M-MLV RTase (200u) 1l

5X M-MLV RTase reaction buffer 4ul
100mM DTT 2ul
dNTP 2ul
RNase inhibitor 1l
Total 20yl

The tubes were then introduced into the vortex and spun down momentarily. RNA

was converted into cDNA using the thermocycler conditions listed below

(Table 2.12):
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Table 2.12: Step 3 thermocycler conditions

Step Temperature Time
cDNA synthesis (RT

42 °C 1 hour
step)
Heat inactivation 95°C 5 minutes

2.13. Quantitative Real-Time PCR

To assess gene expression levels, quantitative real-time polymerase chain

reaction gPCR has been widely employed (Rao et al.,2013).

Relative quantification assesses changes in gene expression relative to a
reference gene. The 2AACT method was used to measure the gene expression. The
steps of this process, which were carried out by the directions of the Promega

company (USA), are as follows:
1- gPCR Master mix preparation

gPCR master mix was prepared by using GoTag® gPCR Master Mix kit
based on SYBER green dye detection of target and GAPDH gene amplification in
Real-Time PCR system and include the follow: (Table 2.13).

55



Chapter Two Materials and Methods

Table 2.13: gPCR Master mix preparation

gPCR master mix volume
cDNA template (100ng) 5uL
Forward primer(10pmol) 1puL
Reverse primer (10pmol) 1puL
gPCR Master Mix 125 uL
DEPC water 5.5 uL
Total 25 pL

After that, these g°PCR master mix component that mentioned above placed in
gPCR plate strip tubes and mixed by Exispin vortex centrifuge for 3 minutes, then

placed in Miniopticon Real-Time PCR system.
2- qPCR Thermocycler conditions

The gPCR plate was loaded, and the following thermocycler conditions were
as follows: (Table.2.14):

Table 2.14: Conditions for gPCR thermocycler.

gPCR step Temperature Time Repeat cycle
Initial Denaturation 95°C 5min 1
Denaturation 95 °C 20 sec
Annealing
60 °C 30 sec
40

Extension .

) 72°C 1 min
Detection(scan)
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2.14. Data analysis of gRT-PCR:

The data results of g RT-PCR for target and housekeeping gene were analyzed
by the relative quantification gene expression levels (fold change) (The ACT Method

Using a reference gene) that described by (Rao et al.,2013) as following equation:
ACT (Test) = CT (target gene, test) — CT (HKG gene, test)
ACT (Control) = CT (target gene, control) — CT (HKG gene, control)

AACT= ACT (Test)- ACT (Control)
Fold change (target / HKG) = 2 (44D

2.15. Statistical analysis:

The statistical package of social science (SPSSv 25) statistics for Windows®7
was used to conduct the statistical analysis. Test of normality distribution and test of
homogeneity is done, one-way ANOVA, followed by Tukey test were used in the
statistical analysis. In the case of abnormality distribution the Kruskal-Wallis one-

way analysis of variance was used.

The outcomes were presented as the mean plus the standard error of the mean (SEM).

The p-value less than 0.05, considered statistically significant.
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3.1.The weight

There was a significant ( p < 0.05) decrease in mean weight in G2, G3, G4, and
G5 on day 10 as compared to day 0. On day 25 there was a significant ( p < 0.05)
decrease in mean weight in G2, G4, and G5 as compared to day 0 and no significant
change in mean weight in G1 at day 10 and day 25 as compared to day 0 . In G3
there was no significant difference in mean weight on day 25 as compared to day O
(Table 3.1; Figure.3.1).

Table 3.1: The mean of weight £ SEM in all rat groups on days 0,10, and 25.

Days Gl G2 G3 G4 G5
Day 0 268.5+6.28 | 274+9.45 | 272.5:6.80 | 271+6.04 268+4.42
Day 10 268 £5.38 | 239.53.45" | 243.5:4.34* | 236.5:591* | 239.5+6.80"
Day 25 26745.87 | 239.5+5.02* | 2584501 | 242.5+8.47* | 240.5+5.02*

* Significantly decreased compared to day 0. (p < 0.05)

G1(control group , untreated and unexposed to CUS), G2(untreated and exposed to CUS ),
G3( treated with 10 mg /kg/day fluoxetine for 14 days ), G4 (treated with 10 mg/kg/day EMP, G5
(treated with 20 mg/kg/day EMP).(No.=10 rats in each group).
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Figure.3.1:Comparison between the mean of weight £ SEM in all rat groups on days 0,10, and
25.

G1(control group , untreated and unexposed to CUS), G2(untreated and exposed to CUS ),
G3( treated with 10 mg /kg/day fluoxetine for 14 days ), G4 (treated with 10 mg/kg/day EMP, G5
(treated with 20 mg/kg/day EMP).(No.=10 rats in each group).
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3.2.Behavioral tests

3.2.1. The sucrose preference test

The mean of sucrose intake on days 10 and 25 as compared to day O in the
Gl(untreated and unexposed to CUS ) were not significantly different while in rats
that were untreated and exposed to CUS (G2 ), the mean of sucrose intake on days 10

and 25 significantly decreased (p <0.05) in contrast to day O( Table 3.2 ; Figure. 3.2).

Furthermore, the mean of sucrose intake on day 10 significantly (p <0.05)
decreased (p <0.05) compared to day 0 in G3 ( treated with 10 mg /kg/day fluoxetine
for 14 days +CUS ),G4 (treated with 10 mg/kg/day empagliflozin +CUS),G5 (treated
with 20 mg/kg/day empagliflozin +CUS). On day 25, there was a significant (p
<0.05) increase in SPI compared to dayl0 in G3, G4, and G5 ( Table 3.2 ; Figure.
3.2)

Table 3.2: The mean of sucrose preference index = SEM in all rat groups on days 0,10, and 25.

SPT(%) G1 G2 G3 G4 G5
Day 0 70.07+1.81 | 68.35+2.12 | 745+1.32 | 70.17+1.36 | 73.5:1.19
Day 10 7224224 | 61%1.22* 64.9+1.54* | 62+1.04* | 65.3+1.34*
Day 25 69.3+1.22 | 584+ 1.40% | 72.1+1.74** | 68.3+1.57** | 70.1+1.69**

*Significantly decreased compared to day 0.
** Significantly increased compared to day 10.
SPT(Sucrose preference test).

G1( control group , untreated and unexposed to CUS),G2( untreated and exposed to CUS ),
G3 ( treated with 10 mg /kg fluoxetine+ CUS for 14 days ), G4 (treated with 10 mg/kg
empagliflozin+ CUS, G5 (treated with 20 mg/kg empagliflozin+ CUS). (No.=10 rats in each group).
(p <0.05)
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Figure 3.2: Comparison between the mean of sucrose preference index £ SEM in all rat
groups on days 0,10, and 25.

G1(control group , untreated and unexposed to CUS), G2(untreated and exposed to CUS ),
G3( treated with 10 mg /kg/day fluoxetine for 14 days ), G4 (treated with 10 mg/kg/day EMP, G5
(treated with 20 mg/kg/day EMP).(No.=10 rats in each group).
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3.2.2. The Forced Swimming Test

There were no significant differences in the mean of immobility time on days 10
and 25 in comparison to day O in G1 that was untreated and unexposed to CUS),
while in rats that were untreated and exposed to CUS (G2), the mean of immobility
time on days 10 and 25 significantly increased ( p < 0.05) as compared to day O
( Table 3.3 and Figure. 3.3 ).

Furthermore, the mean of immobility time significantly increased on day 10
(p <0.05) in contrast to day 0 in G3 ( administered 10 mg /kg/day fluoxetine for 14
days+ CUS ), G4 (administered 10 mg/kg/day empagliflozin+ CUS), G5
(administered 20 mg/kg/day empagliflozin+ CUS) ( Table 3.3 and Figure. 3.3).

On day 25 there is a significant (p < 0.05) decrease in immobility time compared

to (day 10) in G3, G4, and G5 ( Table 3.3 and Figure. 3.3).
Table 3.3: The mean of immobility time £ SEM in all rat groups on days 0,10, and 25

FST(sec) G1 G2 G3 G4 G5
Day 0 42.7+1.11 43+1.95 415+1.66 | 46.2+155 | 39.7+1.23
Day 10 44.6+1.88 | 70.3+1.83* | 70+£1.93* | 71.9+1.21* | 66.3+1.86*
Day 25 47+1.27 73.8+2.11% | 46.6+1.57** | 49.2+0.84** | 43.8+1.31**

* increased significant compared to day 0
** decreased significant compared to day 10
FST(Forced swimming test). G1(control group , untreated and unexposed to CUS), G2(untreated

and exposed to CUS ), G3( treated with 10 mg /kg/day fluoxetine for 14 days ), G4 (treated with 10
mg/kg/day EMP, G5 (treated with 20 mg/kg/day EMP).(No.=10 rats in each group). (p < 0.05)
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Figure 3.3: Comparison between the mean of immobility time £ SEM in all rat groups on days
0,10, and 25

G1(control group , untreated and unexposed to CUS), G2(untreated and exposed to CUS ), G3( treated with
10 mg /kg/day fluoxetine for 14 days ), G4 (treated with 10 mg/kg/day EMP, G5 (treated with 20 mg/kg/day
EMP).(No.=10 rats in each group).
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3.3. Comparison of the mean of weight on day 25:

On day 25, there was a significant (p<0.05) decrease in the mean of weight in
G2, G4, and G5 compared to G1 and no difference in weight between G3 and G1 on
day 25 (Table.3.4; Figure.3.4).

3.4. Comparison of the mean of SPI on day 25:

On day 25, there was a significant (p<0.05) decrease in mean of sucrose intake
in G2 compared to G1, and a significant increase in mean of sucrose intake in G3, G4,
and G5 compared to G2 (Table.3.4; Figure 3.5).

3.5. Comparison of the mean of immobility time on day 25:

On day 25, there was a significant (p<0.05) increase in mean of immobility
time in G2 compare to G1, and significant (p<0.05) decrease in mean of immobility
time in G3,G4 and G5 compared to G2 (Table.3.4;Figure .3.6).

Table.3.4: Comparison of the Mean + SEM of SPI, weight, and immobility time, among rat
groups on day 25.

Groups Gl G2 G3 G4 G5

Meangfwzefight 267+ 5.87 | 239.5+5.02* 258+5.01 242 5+8.47* 240.5+5.02%
on day

Meagofzsg’lon 69.3+1.22 | 58.4+1.40" | 72.1+1.74*** | 68.3x1.57*** | 70.1+0.99***
ay

Mean of
immobility time 47+1.27 73.8+2.11* 46.6+1.57 ** | 49.2+0.84 ** 43 .8+1.31 **

on day 25

*significantly increased compared to G1,** significantly decreased compared to G2, ¢ significantly
decreased compared to G1,*** significantly increased compared to G2. (p<0.05)

G1(control group , untreated and unexposed to CUS), G2(untreated and exposed to CUS ),
G3( treated with 10 mg /kg/day fluoxetine for 14 days ), G4 (treated with 10 mg/kg/day EMP, G5
(treated with 20 mg/kg/day EMP).(No.=10 rats in each group).

64



Chapter Three Results

300.00

200.00

100.00

Mean Weight{g) at day 25

G1 G2 G3 G4 G5

Groups

Error Bars: 95% Cl

**Significantly decrease compare to G1.

Figure.3.4: Comparison between the mean of weight + SEM in all rats groups on day 25.

G1(control group , untreated and unexposed to CUS), G2(untreated and exposed to CUS ),
G3( treated with 10 mg /kg/day fluoxetine for 14 days ), G4 (treated with 10mg/kg/day EMP, G5
(treated with 20 mg/kg/day EMP).(No.=10 rats in each group). (p<0.05)
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Figure.3.5: Comparison between the mean of SPI + SEM in all rats groups on day 25.

G1(control group , untreated and unexposed to CUS), G2(untreated and exposed to CUS ), G3( treated with
10 mg /kg/day fluoxetine for 14 days ), G4 (treated with 10mg/kg/day EMP, G5 (treated with 20 mg/kg/day
EMP).(No.=10 rats in each group).
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Figure.3.6: Comparison between the mean of immobility time £ SEM in all rat groups on day 25.

G1(control group , untreated and unexposed to CUS), G2(untreated and exposed to CUS ), G3( treated with
10 mg /kg/day fluoxetine for 14 days ), G4 (treated with 10mg/kg/day EMP, G5 (treated with 20 mg/kg/day
EMP).(No.=10 rats in each group).
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3.6. Antioxidant enzymes

There was a significant (p<0.05) decrease in the mean of SOD concentration in
rats exposed to chronic unpredictable stress(G2) compared to rats in the normal group
(G1) on day 25 (Table 3.5; Figure. 3.7).

Furthermore, there were a significant (p<0.05) increase in the mean of SOD
concentration in groups treated with fluoxetine 10 mg/kg/day (G3), empagliflozin 10
mg/kg/day(G4), and empagliflozin 20 mg/kg/day(G5) compared to G2 on day 25
(Table 3.5; Figure. 3.7). Also, there was a significant(p<0.05) increase in the mean of
CAT concentration in G3, G4 and G5 compared to G2 on day 25 (Table 3.5; Figure.
3.7).

Table 3.5: The mean of SOD and CAT concentration + SEM in all rats groups on day 25.

Groups Gl G2 G3 G4 G5
SOD 20.24+0.68 14.26+0.79* 18.94+0.79** | 17.51+0.55** | 17.84+0.76**
CAT 24.27+0.97 11.40+0.89* 16.79+ 0.94** | 18.20+0.81** | 21.99+0.77**

* Significantly decreased compared to G1.
** Significantly increased compared to G2.

G1(untreated and unexposed to CUS),G2( untreated and exposed to CUS ), G3( treated with 10 mg
/kg fluoxetine+ CUS for 14 days ), G4 (treated with 10 mg/kg empagliflozin+ CUS, G5 (treated
with 20 mg/kg empagliflozin+ CUS). (No.=10 rats in each group). (P<0.05)
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Figure 3.7:Comparison between the mean of SOD and CAT concentration £ SEM in all rats
groups on day 25.

G1(untreated and unexposed to CUS),G2( untreated and exposed to CUS ), G3( treated with 10 mg /kg /day

fluoxetine+ CUS for 14 days ), G4 (treated with 10 mg/kg/day/day empagliflozin+ CUS, G5 (treated with 20
mg/kg empagliflozin+ CUS). (No.=10 rats in each group).

3.7. IL-6 and TNF-a on day 25 :

A significant (P<0.05) increased in IL-6 mean concentration in G2 and G4
compared to G1. In G3 and G5 there was a significant (P<0.05) decrease in I1L-6
mean concentration compared to G2. With regard to TNF-a, A significant (P<0.05)

increase in TNF-a mean concentration in G2 compared to G1.

There were significant (P<0.05) decreases in TNF-a mean concentration in G3,
G4,and G5 compared to G2 (Table.3.6; Figure.3.9).
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Table.3.6: The mean of IL-6 and TNF-a concentrations = SEM in all rats groups on day 25.

Groups Gl G2 G3 G4 G5
IL-6 43+0.41 62.46+1.39* | 36.81+1.01 ** | 63.80+0.48* 35.26+0.74 **
TNF-a | 102.92+0.29 | 166.18+1.76* | 90.08+ 1.58** | 107.00+0.64** | 97.29+1.17**

*Significant increase compared to G1. ** Significant decrease compared to G2.

G1(untreated and unexposed to CUS),G2( untreated and exposed to CUS ), G3( treated with 10 mg
/kg fluoxetine+ CUS for 14 days ), G4 (treated with 10 mg/kg empagliflozin+ CUS, G5 (treated

with 20 mg/kg empagliflozin+ CUS). (No.=10 rats in each group). (P<0.05)
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Figure.3.8:Comparison between the mean of IL-6 concentrations = SEM of IL-6 concentrations

in all rats groups on day 25.

G1(untreated and unexposed to CUS),G2( untreated and exposed to CUS ), G3(treated with 10 mg /kg
fluoxetine+ CUS for 14 days ), G4 (treated with 10 mg/kg empagliflozin+ CUS, G5 (treated with 20 mg/kg

empagliflozin+ CUS). (No.=10 rats in each group).
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Figure.3.9: Comparison between the mean of TNF-a concentrations = SEM in all rats groups on
day 25.

G1(control,untreated and unexposed to CUS),G2( untreated and exposed to CUS ),G3(treated with 10 mg /kg
fluoxetine+ CUS for 14 days ),G4 (treated with 10 mg/kg empagliflozin+ CUS, G5 (treated with 20 mg/kg
empagliflozin+ CUS). (No.=10 rats in each group). (P<0.05)

3.8. TLR-4 gene expression:

There was a significant increased (p< 0.05) in the mean of TLR-4 gene fold
changes in rats that were exposed to chronic unpredictable stress for 24 days (G2)
compared to rats in G1. In rats being under CUS and treated with 10 mg/kg/day for
fourteen days (G3) a significant (p< 0.05) decrease in mean of gene expression of
TLR-4 compared to G2.

Rats that were exposed to CUS and given empagliflozin 10 mg/kg/day for
fourteen days periods (G4) show a significant (p< 0.05) decrease in the mean of TLR-
4 gene fold changes. In group 5 in which rats were exposed to CUS and treated with
20 mg/kg/day for fourteen days a significant (p< 0.05)decrease in the mean of TLR-4
gene fold changes. Also there were significant decrease (p< 0.05) in mean of TLR-4
gene fold in G5 compare to G3 (Table 3.7; Figure. 3.10).
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The Ct values refers to the amount of cycles required for the fluorescent signal to
exceed background levels. Generally, the more target DNA that is in the sample, the
faster its amplification will be and thus, the fewer cycles required before the
fluorescence signal crosses the background threshold (lower Ct value). Conversely, if
there are low amounts of target DNA, it will require more cycles before the
fluorescence can cross the background threshold (higher Ct value). G2 (untreated and

exposed to CUS) show fewer cycles that reflex high amount of TLR-4 gene.

G3 (treated with 10 mg /kg/day fluoxetine+ CUS for 14 days ), G4 (treated with
10 mg/kg/day empagliflozin+ CUS), G5( treated with 20 mg/kg/day empagliflozin+
CUS) show the higher Ct value compared to G2, that indicate low TLR-4 levels in
these groups (Figure.3.11). With regard to housekeeping gene all groups show the
same (Ct value) of GAPDH amplification (Figure.3.12).

Table 3.7:The mean of TLR-4 fold changes + SEM in all rats groups on day 25

Groups Gl G2 G3 G4 G5

Mean of TLR-
4 fold changes

2.32+£0.10 | 517+0.21* | 2.79+£0.14** | 2.34 +0.16** 1.38+0.12 ** *

*Significantly increase compare to G1,** Significantly decrease compare to G2, o Significantly decrease

compare to G3.

G1(untreated and unexposed to CUS),G2( untreated and exposed to CUS ), G3( treated with 10 mg /kg
fluoxetine+ CUS for 14 days ), G4 (treated with 10 mg/kg empagliflozin+ CUS, G5 (treated with 20 mg/kg
Empagliflozin+ CUS). (No.=10 rats in each group). (p< 0.05).
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*eA

Mean of TLR4(fold changes)

G1 G2 G3 G4 G5
Groups

Error Bars: 95% Cl

Y Significantly increased compared to G1.
s Significantly decreased compared to G2.

A Significantly decreased compared to G3.

Figure 3.10: Comparison between the mean of TLR-4 fold changes + SEM in all rats groups on day
25. Gl(untreated and unexposed to CUS),G2( untreated and exposed to CUS ), G3( treated with 10 mg /kg
fluoxetine+ CUS for 14 days ), G4 (treated with 10 mg/kg empagliflozin+ CUS, G5 (treated with 20 mg/kg
empagliflozin+ CUS). (No.=10 rats in each group).

Amplification
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Figure 3.11: The Real Time PCR amplification plots of TLT4 gene expression in rats groups on day 25.
Yellow blot (G1, untreated and unexposed to CUS), Green blot (G2,untreated and exposed to CUS ), Blue
blot (G3,treated with 10 mg /kg/day fluoxetine+ CUS for 14 days ), Red blot (G4, (treated with 10
mg/kg/day empagliflozin+ CUS, Black blot (G5, treated with 20 mg/kg/day empagliflozin+ CUS). (No.=10
rats in each group).
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Amplification
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Figure 3.12: The Real Time PCR amplification plots of housekeeping GAPDH gene expression
in rats groups on day 25. Yellow blot (G1, untreated and unexposed to CUS), blot (G2,untreated and
exposed to CUS ), Red blot (G3,treated with 10 mg /kg/day fluoxetine+ CUS for 14 days ), Green blot (G4,
(treated with 10 mg/kg/day empagliflozin+ CUS, Black blot (G5, treated with 20 mg/kg/day empagliflozin+
CUS). (No.=10 rats in each group).

3.9. Correlation among TLR4, IL-6, TNF-a, SOD, CAT, Immobility time,
Sucrose index, and weight:

TLR4 has a strong positive correlation with IL-6, TNF-a, and immobility time
and a strong negative correlation with SOD, CAT, and Sucrose index.There was a
strong positive correlation between IL-6, TNF-a, and immobility time, while there
was a strong negative correlation between IL-6, SOD, CAT, Weight, and Sucrose

Index.

Furthermore, there was a strong positive correlation between TNF-o, TLR4, and
immobility time. Also a strong negative correlation between TNF-a, SOD, and CAT
(Table 3.8).There was no correlation between TNF-a and weight and a strong

negative correlation between TNF-o and Sucrose index (Table 3.8).
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A strong positive correlation between SOD, CAT, and Sucrose index, while no
correlation between SOD and weight, and there was a strong negative correlation

between SOD and immobility time .

Catalase has a strong negative correlation with immobility time, No correlation
among weight, immobility time, and Sucrose index. A strong negative correlation is

present between immobility time and the Sucrose index (Table 3.8)

Table 3.8: Correlation among TLR4, IL-6, TNF-a, SOD,CAT, Immobility time, Sucrose index
,and weight

TLR4 | IL-6 TNF-a | SOD | CAT | Weight | Immobility | SPI
Time

TLR4 Pearson .703 912 | -.655 |-559 |-.264 .837 -.663

Correlation

Sig. .001 <.001 | <.001 | <.001 | .064 <.001 <.001
IL-6 Pearson .657 | -.469 |-.359 |-.340 516 -.510

Correlation

Sig. <001 |.010 |.016 | <.001 <.001 <.001
TNF-a Pearson -.653 | -.325 | -.222 .865 - 747

Correlation

Sig. <001 |.021 |.121 <.001 <.001
SOD Pearson A77 | .150 -.611 446

Correlation

Sig. <.001 | .298 <.001 .001
CAT Pearson .021 -.534 187

Correlation

Sig. .883 <.001 193
Weight Pearson -.151 128

Correlation

Sig. .295 377
Immobility | Pearson -.652
Time Correlation

Sig. <.001

Pearson Correlation (0.3 —> 1) strong positive correlation

(0— 0.3) weak positive correlation

( 0 = (0.3)) weak negative correlation

((0.3)—> 1 ) strong negative correlation, Sig.(p <0.05).
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4.1.Depression

It is one of the most prevalent psychiatric disorders and has an impact on

cognitive abilities, overall health, and quality of life.

Many hypotheses have attempted to explain the pathogenesis of depression. The
first of these hypotheses is the monoamine hypothesis, which assumes that a defect in
the synthesis, storage, or release of some neurotransmitters such as norepinephrine
and serotonin leads to development the symptoms of depression (Brigitta, 2022).
This hypothesis was based on some evidence, as some antidepressant drugs lead to an
increase in the concentration of these neurotransmitters in some areas of the brain
(Siddigqi et al.,2022).

After that, hypotheses were adopted that tried to explain the cause of depression.
Some of them explained the cause of depression by a defect in the plasticity of the
neurons (He et al.,2022), and others mentioned that an increase in oxidative stress
leads to the death of neurons and their loss of ability to perform their function, which
results in the development of depression symptoms (Behl et al.,2022), and each of the

preceding hypotheses has evidence that supporting it.

This study concentrates on the role of inflammatory processes, oxidative stress
and the impact of cytokines on the pathogenesis of depression. Many experimental
and clinical studies have shown the clear role of cytokines in the development and

severity of depression symptoms ( Wang & Chen, 2017; Chen et al., 2021).

Most of the current depression medications improve the concentration of
neurotransmitters in the brain, but there are many problems associated with these
treatments, so not all patients respond to them (Papp et al.,2022).
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The adverse effects of antidepressant lead to serious complications in some
patients, and some patients might cease to take them (Tomlinson et al.,2022).
Therefore, attention was directed towards empagliflozin because some studies have
found that it may attenuate some inflammatory processes and counteract oxidative

stress, in addition to its good safety profile (Abed et al.,2021).

To our knowledge, this study is the first to look at the antidepressant effects of
empagliflozin in male rats exposed to CUS and examine the empagliflozin impact on
TLR-4 gene expression in the hippocampal tissue, the production of pro-
inflammatory cytokines (IL-6, TNF-a) and effect on antioxidant enzymes (SOD,
CAT). Findings from this study may encourage future studies on the impact of

empagliflozin on mental disorders.
4.2. The changes in the weight

Weight loss becomes evident ten days after the application of the chronic
unpredictable stress protocol in all groups compared to the control group (Table 3.1).
A decrease in body weight in the rats that were exposed to CUS suggested the
advancement of depressive-like behavior since weight changes are regarded as one of
the signs of depression (Liang et al., 2022).This reduction in weight may be attributed

to decrease appetite during depression period (Cosgrove et al.,2020).

This result agrees with other studies that found that rats exposed to chronic
unpredictable stress showed a weight reduction (Amiresmaeili et al., 2018;Sequeira-
Cordero et al., 2019;Mohseni-Moghaddam et al., 2022).

Treatment with 10 mg/kg/day of fluoxetine on day 25 resulted in a marginal
weight gain that was not statistically different from the mean of weight on day 10

(Table 3.1). The impact of fluoxetine on appetite suppression and glucose metabolism
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may be to blame for the unimprovement in the weight. A thorough investigation
reveals that fluoxetine reduces body weight in humans by influencing lipid and
glucose metabolism (Zhang et al.,2022). According to another comprehensive study,
fluoxetine helps people lose weight by stifling their hunger (Melendez-Mierd, 2022).

This result was consistent with findings from other research (Khedr et al., 2018).

The rats that were treated with EMP (10 and 20 mg/kg/day) showed decreased in
weight after 14 days of treatment (Table 3.1). These outcomes may be explained by
the fact that EMP inhibits the sodium-glucose co-transporter, which reduces renal

glucose absorption and causes calorie loss.

Furthermore, according to study by Mironova & Hanjieva-Darlenska, EMP
lowers leptin, a key hormone in weight control (Mironova & Hanjieva-Darlenska,
2021). These findings are consistent with those of other trials where EMP promoted
weight loss (Malnska et al., 2022).

4.3. Chronic Unpredictable Stress and Behavioral tests

The average sucrose consumption was decreased on day 10 by a statistically
significant percentage in the rats to which the stress protocol was applied compared to
day 0 (Table 3.3). This reflects the lack of desire for pleasure, which is one of the

most important forms of depression (Markov,2022).

The forced swimming test sessions showed that the rats that were exposed to
chronic unpredictable stress for 10 consecutive days suffered from despair, which was
concluded from an increase in the immobility time during the swimming test in these
rats compared to the results of day O (Table 3.2). Non-depressed rats have the
propensity to flee the tank and keep swimming, but depressed rats exhibit a
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diminished drive to survive, which manifests in an increase in the immobility period
(Gorman-Sandler & Hollis, 2021).

Numerous studies have found that prolonged stress promotes depressive
symptoms (Markov, 2022), includes anhedonia (lack of desire to pleasure) and
despair or hopelessness, which has been shown to emerge in rats following CUS
(Fang et al., 2021), the sucrose preference test and the forced swimming test both

assess these characteristics (Wang et al., 2021).

These findings are consistent with prior research showing that rats subjected to
chronic stress consume fewer sweet solutions (Goudarzi et al., 2020; Strekalova,
2022) and show signs of despair (Malyshev et al., 2022; Shemirani et al., 2022).

Stress induces depressive symptoms through many mechanisms involving
Impairments in serotonin neurotransmission, reduction of hippocampal neurogenesis,
disruption of the hypothalamic-pituitary-adrenal axis, increased oxidative stress,
reduction in the plasticity of neurons, synaptic plasticity, and induction of
inflammation in neurons through increased proinflammatory cytokine production
(Hao et al., 2019).

On a biochemical level, persistent stress would result in increased glutamate
release in the prefrontal cortex and the hippocampus (Lee et al., 2022).The main cell
responsible for removing glutamate from the brain is called a glial cell, and stress
would decrease glial cell proliferation and increase apoptosis, which is why the
hippocampus shrinks in MDD (Khan et al., 2020).

When compared to rats exposed only to stress, the results of 14 days of treatment
with EMP (20 and 10 mg/kg/day) with the continuation of chronic stress revealed a
significant improvement in the percentage of sucrose consumption as well as a
decrease in immobility time in these rats, which is similar to the results seen in the
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group of rats given fluoxetine (10 mg/kg/day) for 14 days with the continuation of
chronic stress (Table 3.2;Table 3.3). The results also did not differ from the results
that appeared in the control group, and this is an indication of the improvement of

behavioral characteristics in these rats.

Fluoxetine is a proven treatment for depression, and some animal studies have
shown that it increases sucrose consumption and increase swimming time
(Fang et al., 2022). Neuroinflammation is a key factor that interacts with the three
neurobiological correlates of major depressive disorder: depletion of brain serotonin,
dysregulation of the hypothalamus—pituitary—adrenal axis and alteration of the
neuroplasticity these changes lead to development of depression (Troubat et al.,2021)
,therefore the ability of empagliflozin to reduce these behavioral symptoms of
depression may be due to its anti-inflammatory and antioxidant properties as found in

this study, which leads to decrease the neuroinflammation.
4.4. Antioxidant enzymes (SOD, CAT)

On day 25, superoxide dismutase and catalase enzyme activity decreased
significantly in the rat group that exposed to CUS (G2) compared to the normal rat
group (G1) (Table 3.5). This can be explained by the fact that chronic stress leads to
rise in the level of free radicals and the fact that antioxidant enzymes are the first
defense against oxidative stress; most of these enzymes are consumed, and therefore
their concentration decreases, and this, in turn, leads to oxidative stress
(Kotzaeroglou & Tsamesidis, 2022).

One of the hypotheses that explain the pathology of depression is the stress
hypothesis, in which an imbalance between free radicals and antioxidant enzymes
leads to oxidative stress, which involves the development of symptoms of depression

through a set of mechanisms (Salim, 2017).
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When the capacity of the antioxidant response system to neutralize ROS is
exceeded, significant protein oxidation and lipid peroxidation take place
(He et al., 2017).

Increased ROS generation and worn-out antioxidant defenses activate pro-
inflammatory signaling, which damages vital macromolecules and results in cellular
death. The brain is more susceptible to oxidative stress due to its higher oxygen use,

higher lipid content, and lesser antioxidant defense (Bhatt et al., 2020).

This result agree with findings from earlier investigation (Kaur et al., 2020;Jasib
et al., 2022). On the other side, superoxide dismutase and catalase levels are
significantly enhanced in rat groups treated with 10 mg/kg/day EMP+ (CUMS), G5
(treated with 20 mg/kg/day EMP+ (CUMS), and 10 mg/kg fluoxetine plus CUS for
14 days compared to the group exposed to CUS (G2) only (Table 3.5).

This finding is consistent with several studies (Shakerinasab et al., 2022;
Oshima et al., 2022, Gohari et al., 2022) that found EMP restored or increased
antioxidant levels in a variety of tissues (Botros et al., 2022), and fluoxetine improved

antioxidant enzyme concentrations (Ekeanyanwu et al., 2021).

These findings support previous findings that oxidative stress is increased in
depression and may be decreased by antidepressant medication, indicating that
antidepressant neuroprotection is mediated through an antioxidant defense mechanism
( Liao et al.,2020).

In a rat model, SGLT2 was linked to a considerable improvement in brain
mitochondrial function, including reduced ROS generation, swelling of the
mitochondria, and  depolarization of the  mitochondrial  membrane
(Sa-Nguanmoo et al., 2017).
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Empagliflozin dramatically increased glutathione reductase and catalase
leukocyte expression in T2DM patients while concurrently reducing pro-oxidative
myeloperoxidase (lannantuoni et al.,, 2019). According to these findings, the
antioxidant capabilities of EMP can reduce oxidative stress and hence improve

depressive-like behavior.
4.5.1L-6 and TNF-a,

The rats that were exposed to CUS only (G2) have higher levels of pro-
inflammatory cytokines (IL-6 and TNF-a) than the control group (G1) (Table.3.6).
This is because prolonged stress enhances TLR-4 gene expression and numerous
DAMPs are generated in response to stress (Bueno et al., 2016). When these DAMPs
attach to TLR-4, they raise the level of NF-kB, which serves as a transcriptional

factor and leads to increased production as well as secretion of TNF-a and IL-6.

This is compatible with the previous finding that the immune system is activated
as a result of stress, and proinflammatory cytokines are produced more often
(Koo & Wohleb, 2021).

It is widely known that inflammation and inflammatory markers contribute to
the development of MDD and can induce depression through many mechanisms
(Maeng & Hong, 2019). Cytokines can cause hyperactivity and loss of negative
feedback of the HPA axis, with consequential elevations in the levels of corticotropin

releasing hormone(CRH) and cortisol.

Pro-inflammatory cytokines (particularly IL-6 and TNF-o) are indicated to
prevent the entry of the cortisol-glucocorticoid-receptor (GR) complex into the
neuronal nucleus and inhibit its binding to DNA (Lorkiewicz & Waszkiewicz, 2021).

This cytokine-induced GR resistance to cortisol results in glucocorticoid resistance
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leading to steroid insensitivity and cortisol hypersecretion. Under conditions of
chronic stress, persistent CRH and cortisol hypersecretion will lead to adverse effects
on immune function and on emotional stability, including the features seen in MDD
( Sasaki et al., 2019).

Pro-inflammatory cytokines are indicated to inhibit neurogenesis through the direct
induction of neuronal death via free radical generation and excitotoxic mechanisms,
and indirectly via the pathophysiological effects of hypercortisolaemia. Persistent
hypercortisolemia can act directly via voltage-gated ion channels promoting calcium
entry into neurons, and resulting in neuronal destruction
(Makhija & Karunakaran,2013).

Pro-inflammatory cytokines can alter the mechanisms of synthesis and reuptake of
key neurotransmitters in clinical depression, namely serotonin (5-HT). The
degradation of tryptophan, a precursor for 5-HT, through the kynurenine pathway has
important neuropsychiatric indications (Ogyu et al.,2018).Whereas only a small
proportion of tryptophan is used for 5-HT synthesis, over 95% is degraded in the
hepatic system via tryptophan dioxygenase (TDO), generating the end product

nicotinamide adenine dinucleotide (NAD (Jenkins et al.,2016).

The extrahepatic degradation of tryptophan can also occur through indoleamine
2,3 dioxygenase (IDO), an enzyme highly inducible by pro-inflammatory cytokines,
including IFN-y, IL-1, and TNF-a (Roohi et al., 2021). IDO activates the kynurenine
pathway, which redirects dietary tryptophan away from 5-HT production, generating
kynurenine (KYN) and other metabolites, including kynurenic acid (KA), 3-hydroxy-
kynurenine (3-HK), and quinolinic acid (QA).

The reduction in 5-HT biosynthesis and the subsequent central 5-HT deficiency

may potentiate the onset of depressive symptoms. Increased levels of IL-1B and TNF-
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a activate the mitogen-activated protein kinase (MAPK) pathway, which enhances the
activity of cell membrane transporters and the reuptake of the neurotransmitters 5-HT,
dopamine, and norepinephrine. Induction of the IDO and MAPK pathways through
pro-inflammatory cytokines leads to a depletion of synaptic 5-HT through reduced

synthesis and increased reuptake, respectively (Grygiel-Gorniak et al.,2019).

Furthermore, by increasing the expression and functionality of monoamine
transporters, cytokines can modify serotonin signaling, these transporters have been
shown to re-uptake serotonin, influence the plasticity of neurons and hippocampus
neurogenesis, and disrupt the neurotrophic factor signaling cascade (Yao et al., 2020;
Koo & Wohleb, 2021).

Pro-inflammatory cytokines such as IL-6 and TNF-o were found to be more

prevalent in depressed people (Maeng & Hong, 2019; Obermanns et al., 2021).

Additionally, infliximab, a TNF-a inhibitor, was injected under conditions of
ongoing mild stress. This resulted in higher sucrose intake during the sucrose
preference test, and a significantly shorter time spent immobile during the FST
(Uzzan & Azab, 2021).

The first idea contends that higher concentrations of activated SHT-receptors
found in immune cells dynamically regulate the production of pro- and anti-
inflammatory cytokines, and that this may be affected by an increase in serotonin

availability following antidepressant therapy (Szaach et al.,2019).

The second idea postulated that antidepressants might reduce cytokine levels by
boosting the production of cyclic adenosine monophosphate (CAMP). Cyclic
adenosine monophosphate leads to the activation of protein kinase A which in turn
leads to an increase in CAMP-responsive element binding protein (CREB) that have
the effect of reducing the release of inflammatory cytokines (Keil et al.,2016).
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Antidepressants also treat synaptic abnormalities and reduce IL-1, IL-6, and TNF-a
levels (Garca-Garca et al., 2022); Juszczyk et al., 2022).

According to (Zhang et al. 2017), there is growing evidence that IL-6 is one of the
cytokines that is consistently raised in blood samples taken from MDD patients and

plays an important part in the development of depression (Haapakoski et al., 2015).

An important finding in this study showed that levels of TNF-a in the brain tissue
decrease significantly in rats treated with 10 mg/kg/day fluoxetine+ (CUMS), 10
mg/kg/day EMP+ (CUMS), and 20 mg/kg/day EMP+ (CUMS) for 14 days compared
to the stressed group (Table.3.6).

This may explain the improvement in behavioral symptoms in this groups since
there is a positive strong correlation found between these cytokines and behavioral
characteristics in this study. The same results appeared concerning IL-6 except that 10

mg/kg/day show no decrease in IL-6 levels.

This is compatible with studies show anti-inflammatory effects of EMP
(Abdelzaher et al.,2023). Empagliflozin reduces IL-6 and TNF-a levels in a variety of
tissues, including the kidney and lung (Abdelhamid et al.,2020;
Pirklbauer,2021;Heimke et al., 2022; Wang et al., 2022), also it lowers IL-6 and
TNF-gene expression in brain microglia (Pawlos et al., 2021). Fluoxetine has anti-
inflammatory characteristics, owing to a decrease in IL-6 and TNF-a levels
(Mojiri-Forushani et al.,2022). A meta-analysis of fluoxetine-treated patients found
low levels of these cytokines (Almeida et al., 2020; Garca-Garca et al.,2022), and
other research has shown that fluoxetine reduces IL-6 and TNF-o levels in
depression-modeling rats (Lu et al., 2017).

Fluoxetine controls several intricate inflammatory pathways to lessen
inflammation in neurons, including inflammasomes, TLR4, peroxisome proliferator-
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activated receptor gamma, and nuclear factor kappa-light-chain-enhancer of activated
B cells ( Dionisie et al., 2021).

4.6. TLR-4 gene expression:

Toll-like receptor-4 is found in many different types of cells, such as
macrophages, microglia, astrocytes, and neurons, and it regulates the adrenal response
to stress and inflammatory stimuli as well as the cerebral response to stress
(Zhao et al., 2017).

Activation of the TLR-4 likely contributes to the pathophysiology of stress-
evoked depression (Guo et al., 2019), since a wide range of endogenous molecules
that are generally kept intracellularly and released in response to physical and
psychological stress, such as heat shock proteins and the high mobility group box 1
(HMGB1) protein (Schaefer, 2014; Borges et al., 2016), act as ligands for the TLR-4
and increase its gene expression that lead to increased levels of NF-kB and activator
protein-1,which subsequently promote the synthesis and release of inflammatory
cytokines (Zhou et al., 2020).

Some depressive symptoms are linked to TLR-4 expression (Wang et al., 2020).
This does not contradict what was found in this study, where signs of depression
appeared in addition to the elevation of the TLR-4 gene expression in hippocampal
tissue rats brain that were exposed to chronic unpredictable stress in G2 for a period
of 24 days compared to the rats in the control group (G1) (Table 3.7), and it was
found that there was a strong positive correlation between the gene expression of
TLR-4 and the signs of depression (Table 3.8).

This outcome is in line with previous findings indicating that stress-exposed

animals had greater levels of TLR4 mRNA in their prefrontal cortex and
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hippocampus (Amiresmaeili et al., 2018; Hussein et al., 2021). Previous study have
found that TLR-4 gene expression in the mouse brain increases in response to stress
(Wang Y et al., 2018).

On the other side, a reduction in TLR-4 gene expression was shown in groups
treated with EMP 10 and 20 mg/kg/day for 24 days (Table 3.7). The ability of EMP to
inhibit the gene expression of TLR-4 was found in studies conducted on rats, where it
was found that EMP at a dose of 10 mg/kg/day reduces the gene expression of TLR-4
in kidney tissues and protects them from stress
(Ashrafi Jigheh et al., 2020; Ahmed et al.,2021). Inhibiting TLR-4 gene expression
significantly reduced depression-like behavior and improved depression symptoms as
found in some studies (Medina-Rodriguez et al.,, 2020; Bijani et al., 2022;
Wei et al., 2022). This is consistent with what was found in this study, where the rats
treated with EMP showed a clear improvement in the sucrose intake and increase

period of swimming.

In group 3, in which rats were treated with fluoxetine 10 mg/kg/day, the gene
expression of TLR-4 also decreased (Table 3.7), and this is compatible with other
studies (Amiresmaeili et al., 2018; Mojiri-Forushani et al., 2022). In this study, EMP
at a dose of 20 mg/kg/day reduced TLR-4 gene expression in hippocampal tissue
more than fluoxetine at 10 mg/kg/day (Table 3.7).

An important finding reached in this study is the ability of EMP to attenuate the
depressive-like behavior in the CUS model in male rats through anti-inflammatory
properties by inhibiting gene expression of TLR-4 and decreasing levels of pro-
inflammatory cytokines in addition to anti-oxidant properties, so it may be a

promising treatment for depression.
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Conclusions:

1-Empagliflozin ameliorate depressive-like behavior induced by the CUS model in
male rats .

2- Empagliflozin was increased SPI in SPT and decreased immobility time in FST.
3- Empagliflozin was decreased levels of IL-6 and TNF-a in brain of male rats.

4- Empagliflozin increased levels of antioxidant enzymes ( SOD, CAT) in brain of
male rats.

5- Empagliflozin was decreased gene expression of TLR-4 in hippocampal tissue.

6-There are no significant differences between fluoxetine and empagliflozin in the
effect on the behavioral tests or anti-inflammatory effects in male rats.

7- The gene expression of TLR-4 in hippocampal tissue is decreased by empagliflozin
at the dose of 20mg/kg greater than fluoxetine 10mg/kg in male rats.

8- TLR4 has a strong positive correlation with IL-6, TNF-a, and immobility time and
a strong negative correlation with SOD, CAT, and Sucrose index
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Recommendations:

1-Further studies need to study the effect of empagliflozin on others theories of
depression.

2- Further studies need to study the effect of empagliflozin on other toll-like receptors
that are involved in the pathogenesis of depression such as TLR-2.

3- Further studies need to study the efficacy of empagliflozin in combination with
antidepressants such as fluoxetine.

4- Clinical studies need to improve the antidepressant effect of empagliflozin in
humans and the safety of the doses used in this study.
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