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CHAPTER 1

Introduction

Hypertensionis characterized by persistently high blood pressure (BP) in the systemic arteries.
BP is commonly expressed as the ratio of the systolic BP (that is, the pressure that the blood
exerts on the arterial walls when the heart contracts) and the diastolic BP (the pressure when
the heart relaxes). The BP thresholds that define hypertension depend on the measurement
method(Oparil et. al 2018).Hypertension is the most important modifiable risk factor for all-
cause of morbidity and mortality worldwide and is associated witan h increased risk of
cardiovascular disease (CVD). Fewer than half of those with hypertension are aware of their
condition, and many others are aware but not treated or inadequately treated, although
successful treatment of hypertension reduces the global burden of disease and mortality. The
aetiology of hypertension involves the complex interplay of environmental and
pathophysiological factors that affect multiple systems, as well as genetic predisposition.
Evaluation of patients with hypertension includes accurate standardized blood pressure (BP)
measurement, assessing patients predicted risk of atherosclerotic CVD, evidence of target
organ damage, detection of secondary causes of hypertension, and presence of comorbidities,
including CVD and kidney disease. Lifestyle changes, including dietary modifications and
increased physical activity, are effective in lowering BP and preventing hypertension and its
CVD sequelae. (Mariaet.al, 2018). Hypertension is further divided into two types: Primary
hypertension that has no causes and symptoms and Secondary hypertension which is caused
by another medical condition (Lesley et.al, 2017). The increase in hypertensive subjects in
India is expected to increase to 22.9% for men and 23.6% for women by 2025, respectively
(Aanchala et al,2014).

Although often neglected, the brain is one of the main organs targeted and dysfunctional by
hypertension(Goel et.al;2016). Hypertension is the leading risk factor for cerebrovascular
events like decreased neurogenesis, and stroke(Goel et.al; 2016) and is increasingly
associated with the development of dementia (Goel etal; 2016). The relationship
betweenhypertension and memory impairment is further strengthened when antihypertensive
agentslike angiotensin-converting enzyme inhibitors and AT1 receptor blockers, improve
memory functions in hypertensive subjects (Braszko et al. 2003; Fogari et al., 2004 and 2006)

and in various rodent models of dementia (Tota et al.,, 2012). The dentate gyrus of the
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hippocampus is one of the few places in the brain where neurogenesis occurs in adulthood.
Nowadays, an increasing number of children and young adults are affected by hypertension,
one of the factors in the development of cerebrovascular diseases and age-related cognitive
deficits. (Pistikova et.al; 2017).

Hypertension is associated with neurodegenerative diseases and cognitive impairment. (Shih
2016 May). That’s why we using spontaneous hypertensive rats to study the effect of
hypertension on memory performance and adult hippocampal neurogenesis.
Neuroinflammation, characterized by increased levels of cytotoxic cytokines, is an integral
aspect of neurodegenerative disorders (Block et al., 2007). Since CNS is considered an
immune-privileged tissue, therefore, in the brain the inflammatory response is mainly
orchestrated by the activation of microglia and astrocytes (Muldoon et al., 2013; Cerbai et al.,
2012; Jensen et al., 2013). Activation of microglia and astrocytes results in the sustained
release of inflammatory cytokines like TNF-a, IL-1p, and IL-6, increased oxidative and
nitrosative stress (Tansey et al; 2007), and culminating in the neuroinflammation and
neuronal death.The renin-angiotensin system (RAS) plays a key role in the pathophysiology
of hypertension (Schiffrin and Touyz 2004). Ang Il, a most potent component of RAS,
induces vascular remodeling and injury by causing vasoconstriction, cell growth, generation
of reactive oxygen species (ROS), and inflammation (Schiffrin and Touyz 2004; Goel et al.,
2015). Recently, neurodegenerative diseases like AD, have been associated with impaired
adult hippocampal neurogenesis (generation of new neurons). Of the neurogenic zones in the
adult brain, hippocampal neurogenesis draws the most attention, because of its involvement

in cognitive function (Kempermann et al., 2015).

Previous studies have reported that hypertension leads to the development of
neurodegenerative diseases like AD and Vascular dementia, the predominant form of
cognitive impairmentin humans (Biebl et al., 2000; Kempermann et al., 2003). Carnevelle et
al (2012) demonstrated that hypertension is induced by transverse aortic constriction induces
neurodegeneration by increasing neuroinflammation, oxidative stress, BBB leakage and
decreasing cerebral blood flow (CBF). Further, Neurodegenerative diseases like AD Display
the typical progressive loss of neurons and gliosis (Glass et; al 2010) and the impairment in
the neurogenesis (Saxe et al., 2006) i.e generation of new neurons. Chronic

neurodegeneration hampers stem cell maintenance, proliferation, survival, and functional
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integration. Neurogenesis adds particular functionality to the mammalian brain because of its
involvement in cognitive functions. There is a need for the detailed study of adult
neurogenesis to open up a totally new avenue of therapeutics. Few regions like the dentate
gyrus of the hippocampus are very sensitive to age-related neurodegeneration (Saxe et al.,
2006). Hence in this study, we are interested to see the effect of chronic hypertension on the

markers of neurogenesis in the hippocampus region of the hypertension rat brain.
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CHAPTER 2

2. REVIEW OF LITERATURE

Definition

Hypertension (HTN) is defined as having a systolic blood pressure (SBP) of 130mmHg or
higher and/or a diastolic blood pressure (DBP) of greater than 80mmHg (Igbal et al., 2022)
The most prevalent chronic medical illness defined by a sustained increase in arterial pressure

is hypertension.

Systemic arterial hypertension (hereafter referred to as hypertension) is characterized by
persistently high blood pressure (BP) in the systemic arteries. BP is commonly expressed as
the ratio of the systolic BP (that is, the pressure that the blood exerts on the arterial walls
when the heart contracts) and the diastolic BP (the pressure when the heart relaxes)(Suzanne,
2018) The BP thresholds that define hypertension depend on the measurement method
Several aetiologies can underlie hypertension. The majority (90-95%) of patients have a
highly heterogeneous ‘essential’ or primary hypertension with a multifactorial gene-
environment etiology. A Positive family history is a frequent occurrence in patients with
hypertension, with the heritability (a measure of how much of the variation in a trait is due to
variation in genetic factors) estimated between 35% and 50% in the majority of
studies(Suzanne, 2018). Genome-wide association studies (GWAS) have identified ~120 loci
that are associated with BP regulation and together explain 3.5% of the trait variance These
findings are becoming increasingly important as we search for new pathways and new
biomarkers to develop more modern ‘omics’-driven diagnostic and therapeutic modalities for
hypertension in the era of precision medicine. Hypertension is the leading single contributor
to all-cause death and disability worldwide and is the most common preventable risk factor
for cardiovascular disease (CVD; including coronary heart disease, heart failure, stroke,
myocardial infarction, atrial fibrillation, and peripheral artery disease), chronic kidney
disease (CKD), and cognitive impairment. The link between high blood pressure and an
increased risk of cardiovascular disease is graded and continuous, beginning at 115/75 mmHg,
well within the normotensive range. Successful hypertension prevention and treatment are
critical for lowering illness load and enhancing longevity in the global population. It's more

crucial to evaluate a person's projected atherosclerotic CVD (ASCVD) risk while treating
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hypertension than just their blood pressure because people with high CVD risk have a higher

risk of developing hypertension.

Epidemiology of Hypertension

Hypertension is the leading cause of cardiovascular disease and premature death worldwide.
Owing to the widespread use of antihypertensive medications, global mean blood pressure
(BP) has remained constant or has decreased slightly over the past four decades(T.Mills,
2020). By contrast, the prevalence of hypertension has increased, especially in low- and
middle-income countries (LMICs). Estimates suggest that 31.1% of adults (1.39 billion)
worldwide had hypertension in 2010. The prevalence of hypertension among adults was
higher in LMICs (31.5%, 1.04 billion people) than in high-income countries (28.5%, 349
million people).

Variations in the levels of risk factors for hypertension, such as high sodium intake, low
potassium intake, obesity, alcohol consumption, physical inactivity, and unhealthy diet, may
explain some of the regional heterogeneity in hypertension prevalence. Despite the increasing
prevalence, the proportions of hypertension awareness, treatment, and BP control are low,
particularly in LMICs, and few comprehensive assessments of the economic impact of
hypertension exist. Future studies are warranted to test implementation strategies for
hypertension prevention and control, especially in low-income populations, and to accurately
assess the prevalence and financial burden of hypertension worldwide.

Types of Hypertension

Hypertension can be classified broadly into two categories namely primary or essential

hypertension and secondary hypertension.

Primary Hypertension

The patients with hypertension have no clear cause and symptoms mostly and are classified
as having primary hypertension(Charles et.al, 2017).Essential or primary hypertension is
defined as high BP in which secondary causes such as renovascular disease, renal failure,or
other diseases are not present as like in secondaryhypertension. Essential hypertension is a
heterogeneous disorder, with different patients having different causal factors that lead to
high BP. (Oscar et.al, 2000).



Secondary Hypertension

Secondary hypertension is described as high blood pressure.The patients who have secondary
hypertension have another medical condition thatsecondary hypertension causes (Lesley et.al
2017). Here, high blood pressure can be reduced by identifying and treating the main cause of

the disease. It is further classified as-

e Renal parenchymal hypertension: Renal Parenchymal hypertension is caused by
secondary hypertension. It accounts for up to 5% cases of systemic hypertension(Vachek
et.al, 2021). Renal parenchymal hypertension can occur in acute and chronic kidney

disease. It is a form of secondary hypertension.

e Renovascular hypertension:The primary cause of secondary hypertension, renovascular
hypertension, occurs when blood pressure rises as a result of renal ischemia. As a result,
patients can experience premature death. (Fenves et al., 2006).

e Endocrine hypertension: Endocrine hypertension is caused by high blood pressure.
Primary aldosteronism, Cushing's syndrome, thyroid conditions, and iatrogenic hormone
manipulation are a few of the disorders that can result in endocrine hypertension.
Endocrine hypertension in patients is thought to be caused by primary aldosteronism.
(Joseph et al, 2017)

e Drug-induced hypertension: There are a variety of medicines that cause hypertension,
including glucocorticoids, which can cause blood pressure to rise (BP) Nonsteroidal anti-

inflammatory medicines raise blood pressure. (Leeuw, 1997).

Pathophysiology of Hypertension

There are a number of BP-regulating elements that could lead to the development of
hypertension. Among these include humoral (such as RAS or vasodepressor processes),
peripheral auto-regulation deficiency, aberrant neuronal activity, and fluctuating levels of
sodium and natriuretic hormone (Borzeck, 2010). Numerous other factors, including
vascularremodelling, inflammation, and oxidative stress, have been suggested to affect the
prevalence of hypertension (Dinh et al., 2014). RAS, a very important factor in its

development and a target of organ damage, modulates the majority of these disorders.
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Therefore, here we will discuss in detail the factors responsible inthe pathology of

hypertension as well as brain RAS.

1. Increased Sympathetic Activity

Sympathetic activity is a key component of the pathophysiology of hypertension. It raises
blood pressure by stimulating the adrenergic receptors found in the kidneys, heart, and
peripheral vasculature. The main adrenergic receptors involved in controlling blood
circulation are alpha and beta receptors. These receptors' function is to regulate blood
pressure via determining vascular resistance, fluid retention, and cardiac output. In the most
hypertensive patients, research has shown a large rise in the sympathetic drive and a decrease

in the parasympathetic drive (Zubcevic et al, 2011).

2. Inflammation

Hypertension develops as a result of inflammation, which also contributes to its growth and
maintenance. (David M. Patrick et al., February 2021). Renal abnormalities, endothelial cell
dysfunction, and central nervous system dysregulation are the physiological mechanisms that
play a part in raising blood pressure and leading to the development of hypertension. These
are the systems that inflammation affects, which eventually causes the emergence of
hypertension. Multiple cell types are involved in inflammation, which is seen as a complex
process that secretes numerous substances that have contributed to the rise in hypertension.
(David M. Patrick et al., February 2021). Clinical trials and research have shown a clear link

between system.

3. Oxidative stress

Oxidative stresscontributes to the mechanism of hypertension. Additionally, oxidative stress
is brought on by hypertension, which harms target organs. The importance of oxidative stress
in the context of hypertension is related to the fundamental role that ROS and redox
signalling play in molecular, cellular, and systems processes that result in endothelial damage,
vascular dysfunction, cardiovascular remodelling, renal dysfunction, sympathetic nervous

system excitation, immune cell activation, and systemic inflammation, all of which are
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significant in the pathophysiology of hypertension. (Kathy K. Griendling and colleagues,
2021).

4. Endothelial dysfunction

The phrase "endothelial dysfunction” refers to circumstances that cause aberrant endothelium
activation, anomalies between the endothelium and leukocytes, thrombocytes, and regulatory
molecules, as well as worsening of endothelium-dependent vasodilatation. Control of the
cardiovascular system depends on a healthy endothelium. As a result, it contributes
significantly to the development of numerous diseases and cardiovascular issues, including
atherosclerosis, pulmonary and systemic hypertension, cardiomyopathies, and vasculitides.
(2016) Dildar Konukoglu et al).

5. Central RAS

Blood pressure is significantly regulated by the sympathetic nervous system (SNS) and the
renin-angiotensin system (RAS). Endocrine, paracrine, and autocrine regulator roles are
played by angiotensins. The activities of the RAS in peripheral physiology and
pathophysiology are well known. As a key regulator of the cardiovascular (CV) system and
an important pharmacological target for antihypertensive and other CV therapies, the
presence and functional significance of the RAS in the brain are being recognized more and
more. Through sympathetic activation and vasopressin production, all of the RAS's
components are found in the brain and contribute to the control of blood pressure.
Additionally, behaviour and neurological illnesses like Parkinson's and Alzheimer's are
impacted by a relationship between neurotransmitters and the brain RAS. (Marc de Gasparo
et al, 2013). Hypertension affects one-third of the adult population and is a growing problem
due to the increasing incidence of obesity and diabetes. Brain RAS (renin-angiotensin system)
hyperactivity has been implicated in the development and maintenance of hypertension in

several types of experimental and genetic hypertension animal models. (Ji Gao et.al 2014).
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Fig 1. Showing Schematic diagram of the brain RAS (adopted from Ji Gao et.al 2014).

Components of the central RAS

A. Angiotensinogen

One of the basic effector molecules in RAS is ANG II. It influences different organ systems
through some deleterious effects on the vasculature and its pressor properties and increasing
blood pressure. ANG Il-mediated vascular dysfunction and tissue injury response can be
classified as the capacity of the peptide to induce a pro-inflammatory, pro-thrombogenic and
pro-oxidative phenotype in both large and microscopic blood vessels.The vasomotor and
inflammatory responses of ANG Il are adjusted by the stimulation of AT-1R that are
influenced on leukocytes, platelets, endothelial cells and vascular smooth muscle. (Chuanxin
Su et.al 2021)

B. Renin

The renin—angiotensin system (RAS) has a critical role in cardiovascular physiology through

its effects in regulating blood pressure and electrolyte balance. However, under
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pathophysiological conditions, the effects of the RAS can intensify to trigger inflammation
and structural remodelling, thus promoting cardiac and vascular damage. In the classical
system, renin cleaves angiotensinogen to form angiotensin I, which is subsequently converted

to angiotensin Il by angiotensin-converting enzyme (ACE). (Maria Paz Ocaranza et.al 2020).
C. Angiotensin-converting enzyme (ACE)

ACE is found in most of the brain regions; however, it is highly expressed in
circumventricular organs (CVOs) like the area postrema (AP), organum vasculosum laminae
terminalis (OVLT), median eminence and subfornical organ (SFO) (Saavedra and Chevillard,
1982; Thunhorst et al., 1989; Chai et al., 1990). Angiotensin converting enzyme (ACE)
inhibitors (ACEIs) are commonly used to treat high BP and heart failure (Saavedra, 2012).
However (Amenta and colleagues et;al 2002) after reviewing the controlled clinical trials
assessing the effect of anti-hypertensive treatment on cognitive functions in subjects with
essential hypertension, inferred that treatment with angiotensin converting enzyme inhibitors
(ACE) (captopril, perindopril and lisinopril) positively modulated memory functions
independent of their BP lowering effects.Further, they observed that patients on ACEis
showed superior results on memory functions than those on 3-blockers and diuretics (Amenta
et al., 2002).

D. Angiotensin converting enzyme 2(ACE2)

Brain angiotensin (Ang) converting enzyme-2 (ACE2) was discovered two decades ago as an
RAS component, exhibiting a counter-regulatory role and opposing the adverse
cardiovascular effects produced by Ang-ll. Studies using synthetic compounds that can
sustain the elevation of ACE2 activity or genetically overexpressed ACE2 in specific brain
regions found various beneficial effects on cardiovascular function. More recently, ACE2 has
been shown to play critical roles in neuro-inflammation, gut dysbiosis and the regulation of
stress and anxiety-like behavior (Mazher Mohammed et.al 2020 Oct 16). In the present
review, we aim to highlight the anatomical locations and functional implication of brain
ACE2 related to its BP regulation via modulation of the sympathetic nervous system and
discuss the recent developments and future directions in the ACE2-mediated central

cardiovascular regulation. (Mazher Mohammed et.al 2020 Oct 16).
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E. Angiotensin peptides

Presence of all the angiotensin peptides Ang I, Ang Il, Ang IIl and Ang (1-7) has been
described in CNS (Saavedra, 2005).

° Ang |1

Ang 11, the most studied angiotensins (Saavedra, 2005), is either synthesized directly by
cathepsin G or tonin from angiotensinogen, or by hydrolysis of Ang I by ACE in the brain
(Saavedra 2005). Central Ang Il is known to regulate various physiological/homeostatic and
behavioural processes like thirst, blood pressure and sexual behaviour (Tota et al., 2013;
Saavedra, 2005). thirst, blood pressure and sexual behaviour (Tota et al., 2013; Saavedra,
2005). In addition, Ang Il has been demonstrated to modulate various brain functions, like
cerebroprotection, stress, depression, and memory (Saaveedra 2012). Further several reports
have revealed that the level of Ang Il is predominantly high in the hippocampus, brain region
involved in the memory functions (Sirett et al. 1981; Saaveedra 2012; Tota et al., 2013). .
Moreover, many evidences highlight the potential role of Ang Il in the etiology of

neurodegenerative diseases, like AD and PD (Saaveedra 2012).
. Ang 111

Angiotensin (Ang) 111, a biologically active peptide of the renin angiotensin system (RAS) is
predominantly known for its central effects on blood pressure. Our understanding of the RAS
has evolved from the simplified, classical RAS, a hormonal system regulating blood pressure
to a complex system affecting numerous biological processes. (Annabelle Reaux-Le Goazigo
et.al 2005).

o Ang IV

Angiotensin IV binds to a widely distributed binding site in the brain, but which is different
from the known angiotensin Il receptors AT1 and AT2. Angiotensin IV has been implicated
in a number of physiological actions, including the regulation of blood flow, the modulation
of exploratory behaviour, and processes attributed to learning and memory. Furthermore,
angiotensin 1V may also be involved in neuronal development. (Oliver von Bohlen und

Halbach 2003). Ang IV, central administration, induces the exploratory locomotory
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behaviour, improves recall in passive avoidance task and enhances memory retention in
rodents (Wright and Harding 2012).

e Ang (1-7)

Ang-(1-7) [angiotensin-(1-7)] constitutes an important functional end-product of the RAS
(renin-angiotensin system) endogenously formed from Angl (angiotensin 1) or Angll
(angiotensin 1) through the catalytic activity of ACE2 (angiotensin-converting enzyme 2),
prolyl carboxypeptidase, neutral endopeptidase or other endopeptidases. (Mariela M
Gironacci et.al 2013 july).The Ang (1-7) has also been reported to show neuroprotective
action in cerebral ischemia by suppression of inflammatory NFxB activation (Jiang et al.,

2012).

F. Angiotensin receptors

Angiotensin receptors are present in various regions of brain and spinal cord (Saavedra,
2005). Presently, four major angiotensin receptor subtypes (AT1R, AT2R, Review of
Literature 19 AT4R and Mas receptor) have been categorized in the brain.n. AT1R, AT2R
and Mas receptor are GPCRs but AT4R is a tyrosine kinase (de Gasparo et al., 2000).

o Angiotensin type 1 receptor (AT1R)

ATIR is expressed predominantly in lamina terminalis, olfactory bulb, PVN, NTS, substantia
nigra, piriform cortex and hippocampus (Saavedra, 2005, Lenkei et al., 1997). In brain, as in
periphery, the most of the physiological or pathological events of RAS are the outcome of
stimulation of AT1Rs by Ang Il (Saaveedra 2005, 2012). In the brain, AT1R activation
contributes in cerebral circulation, integrity of BBB, sympathetic activity, stress,
inflammation, behaviour and cognition (Saaveedra 2005, 2012). In fact, treatment with AT1R
blockers (ARBs) prevented CNS sympathetic activity, neuroinflammation, cognitive decline
and even improve cognitive functions in hypertensive patients (Saaveedra 2005, 2012) and
animals (Saaveedra 2005, 2012). The ARBs as compared to ACEis have been found more
effective in enhancing cognitive functions, particularly episodic memory (Saaveedra 2012).
Importantly, previous study from our lab demonstrated that AT1R blockade by candesartan

prevented streptozotocin (i.c.v) induced cognitive decline in rats by modulation of CBF and
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suppression of oxidative stress, free radical production and acetylcholine esterase activity
(Tota et al., 2008).

o Angiotensin type 2 receptor (AT2R)

The angiotensin type 2 receptor, AT2R, has been described as having opposite effects to the
angiotensin type 1 receptor, AT1R. Although the quantities of the AT2R found in the adult
are low, its expression rises in pathological situations. (Gabriel Faria-Costa et.al 2014 july).
AT2R expression in CNS is limited to certain specific areas like, medulla oblongata, septum,
amygdale, thalamus, cerebellum, PVN, hippocampus and cortex (Lenkei et al., 1997; Von
Bohlen und Halbach, 2003). In fact, AT2R functions are still unclear both in many
physiological and pathophysiological situations. Until recently, physiological and
pharmacological assessments of the AT2Rs were uncovered using either the antagonist
PD123,319 or the more Review of Literature 20 common AT2R agonist CGP42112A
(McCarthy et al.,2012, 2014; Guimond and Gallo-Payet, 2012). Therefore, many aspects
regarding AT2R functions in physiological situations have emerged from indirect
observations, by blockade of the AT1 receptor. Of late, studies have demonstrated that
activation of AT2R, during AT1R blockade, becomes important for the anti-inflammatory
and neuroprotective effects of ARBs (Saavedra et al., 2011, 2012).

o Angiotensin type 4 receptor (AT4R)

Angiotensin IV binds to a widely distributed binding site in the brain, but which is different
from the known angiotensin Il receptors AT1 and AT2. Angiotensin IV has been implicated
in a number of physiological actions, including the regulation of blood flow, the modulation
of exploratory behavior, and processes attributed to learning and memory. Furthermore,
angiotensin IV may also be involved in neuronal development. Collectively, the available
evidence suggests that angiotensin IV is a potent neuropeptide, involved in a broad range of
brain functions. (Oliver von Bohlen und Halbach Jan 2003).AT4R is activated by Ang IV that
mediates its activation by tyrosine phosphorylation (Handa, 2001). The expression of AT4R,
in brain areas associated with memory functions; highlight its role in cognition (Von Bohlen
und Halbach, 2003).
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. Mas Receptor

A GPCR called Mas is where Ang-(1-7) performs its biological actions (Lazaroni et al.,
2012). The hippocampus, piriform cortex, and amygdala all exhibit significant levels of
expression (Lazaroni et al., 2012). Mas receptor antagonist A779 or Mas knockdown reduced
Ang-(1-7) mediated increase in cognitive functions, demonstrating the role of Mas receptor in
modulating cognition (Kostenis et al.,, 2005). Additionally, central Ang-(1-7) injection
through Mas receptor activation demonstrated neuroprotection in a rodent model of stroke by
reducing NFkB activation (Rojo et al., 2012).

Hypertension and the brain

More than one in four persons suffer from hypertension. As the first organ to suffer harm
from hypertension, the brain, which can appear as dementia, subclinical cerebrovascular
abnormalities, and stroke. Vascular dementia and the pathophysiology of Alzheimer's disease
can both be brought on by hypertension-related small vessel dysfunction, which lowers the
threshold at which signs and symptoms appear. Many hypertensive situations, such as
hypertension encephalopathy, haemorrhagic stroke, or pre-eclampsia, may also show
neurologically. (Dearbhla M. Kelly et al., April 2020). Strong links exist between arterial
hypertension and the brain. The hypothalamus, which is connected to the brain, can swiftly
adjust the blood pressure level to sustain cerebral blood flow. In order to prevent neurological
issues like encephalopathy from occurring, an abrupt increase in blood pressure that exceeds
the autoregulatory capacity requires an immediate intervention. (M Milicevic et.al 2008 May).
A significant and modifiable risk factor for dementia and stroke is hypertension. The cerebral
resistance vessels are altered by hypertension, which reduces their tolerance to extremely low
blood pressure. (Hanne Christensen et al, June 2009). Beta-blockers perform less well than
other kinds of antihypertensives in the primary prevention of stroke. ACE inhibitors and
angiotensin blockers may be suggested as first-choice medications for secondary stroke
prevention. However, choosing the right medication is less significant than lowering blood
pressure. (Hanne Christensen et al, June 2009). The brain has a small amount of energy that it
can store and a high baseline metabolic rate. Therefore, a constant flow of blood that is
present at all times and in all conditions is necessary for the execution and maintenance of all

brain activities.
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The cerebral vasculature is intricately and extensively regulated by communication from
neurons, glia, interneurons, and perivascular nerves as the infrastructure through which the
brain obtains the supplies required to enable neuronal processing and preserve the
environment required for neural homeostasis. (Kathryn M. Dunn et al. 2013, Oct.)
Particularly susceptible to hypertensive damage is the brain. It has been established that
hypertension causes dementia and Alzheimer's disease through causing neurodegeneration
and cognitive impairment. It is becoming more and more clear that hypertensive
neurodegeneration results from the harm that high blood pressure causes to the cerebral
vasculature. (Kathryn M. Dunn et al. 2013, October).

Hypertension and neurodegeneration

Hypertension is the major risk factor for the development of neurodegenerative diseases like
AD and vascular dementia, the predominant form of cognitive impairment in humans (Goel
et al., 2015, 2016). In approximately 50% of dementia cases display a mixed pathology
i.e.both neurodegenerative and vascular lesions (Schneider et al., 2009). In fact, the untreated
elderly hypertensive patients perform poorly in cognitive tasks (Knecht et al., 2009). The
relationship between hypertension and memory functions gets further accentuated when it is
observed that antihypertensive therapy attenuated hypertension induced cognitive deficit,
independent of various other risk factors like age, income level, education, gender, and
history of stroke (Goel et al., 2015, 2016). The Kahrizak Elderly Study, carried out on 211
subjects, aged 65 years or older, reported that higher diastolic blood pressure increases the
risk for cognitive impairment in elderly persons (Sharifi et al., 2011). Similarly, an inverse
relationship between increased systolic blood pressure and poor cognitive performance was
found in NHANES Il clinical trial (Suhr et al., 2004). Further, a study on elderly
hypertensive patients (1617) followed up for 5 years showed 38% fall in memory impairment
in patients treated with antihypertensive agents (ACE and ARBS) in comparison to untreated
patients (Murray et al., 2002). Moreover, various other clinical studies have cemented this
inverse relationship between cognition and hypertension (Kivipelto et al., 2001; Knecht et al.,
2009; Fogari et al., 2004, 2006). Experimental studies on cognitive functions have shown that
hypertension associated angiotensin peptides like Ang Il and its fragments Ang IV and Ang
1 (Wright et al., 1993, 1996; Yang et al., 2008; Tota et al. 2011, 2012) modulate the

cognitive functions directly or by controlling the release of neurotransmitters like
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acetylcholine (Wright et al., 1993, 1996; Yang et al., 2008; Tota et al. 2011, 2012).
Importantly, previous study from our lab demonstrated that hypertension increases the
susceptibility to neurodegeneration in the presence of an inflammatory stimulus (Goel et al.,
2015). Further, (Carnevelle et al2012) demonstrated that hypertension induced by transverse
aortic constriction, induces neurodegeneration by increasing neuroinflammation, oxidative
stress, BBB leakage and decreasing cerebral blood flow (CBF). Further, as reported above,
studies from our lab demonstrated that antihypertensive agents like ARB or ACEi improved
memory functions in rodent models of dementia (Tota et al. 2011, 2012; Goel et al., 2015).
Discussion so far has associated hypertension, particularly RAS, with cognitive functions,
therefore to dissect the role of hypertension in neurodegeneration, we have to
discuss/understand the impeccable aspect of neurodegeneration i.e. neuroinflammation and

neurogenesis in greater detail.
Hypertension and Neurogenesis

Neurodegenerative diseases like AD Display the typical progressive loss of neurons and
gliosis (Glass et; al 2010) and the impairment in the neurogenesis (Saxe et al., 2006) i.e
generation of new neurons. Chronic neurodegeneration hampers the stem cell maintenance,
proliferation, survival and functional integration. Neurogenesis adds particular functionality
to the mammalian brain because of its involvement in cognitive functions. Neurogenesis adds
particular functionality to the mammalian brain because of its involvement in cognitive
functions. There is a need for the detailed study of adult neurogenesis to open up a totally

new avenue of therapeutics.

Neurogenesis is the generation of new neurons in the sub-granular zone of the dentate gyrus
in hippocampus (Altman and Das, 1965; Kaplan and Hinds 1977).

Adult neurogenesis can be divided into four stages

a. Quiescent adult neural stem cells (NSCs) maintenance and proliferation: Quiescent

NSCs are slow-growing multipotent cells with limitless self-renewal in this phase.

b. Fate specification: When NSCs are triggered, they divide asymmetrically in the SGZ of
the hippocampus, producing transient intermediate progenitors (TIP). TIPs are rapidly

dividing cells that can develop into neurons but have limited self-renewal ability. TIPs give
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rise to neuroblasts, which exit the cell cycle after a limited number of cell divisions, and a

subset survives and develops into new-born neurons.

c. Immature neuron differentiation, maturation, and survival: The maturation process is
gradual, and more than half of newborn neurons die during this time.Within the first several
weeks following birth, apoptosis occurs (Cameron et al., 1993; Biebl et al., 2000;
Kempermann et al., 2003). Those immature neurons that develop connections, on the other

hand, are attracted into the network.

d. Integration into the existing brain circuit: As these newborn neurons mature, they are
integrated into the existing brain circuit. Long-term potentiation is modulated by granular

cells (Aimone et al.,2006).
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Effect of Chronic Hypertension on Neurogenesis

The brain is one of the main organs targeted and dysfunction by hypertension. (Goel
et.al;2016). Hypertension is the leading risk factor for cerebrovascular events like decreased
in Neurogenesis, stroke. (Goel et.al; 2016) and is increasingly associated with the
development of dementia (Goel et.al; 2016). Relationship between hypertension and memory
impairment is further strengthened when antihypertensive agent like angiotensin converting
enzyme inhibitors and AT1 receptor blockers, improved memory functions in hypertensive
subjects (Braszko et al. 2003; Fogari et al., 2004 and 2006) and in various rodent models of
dementia (Tota et al., 2012). The dentate gyrus of the hippocampus is one of the few places in

the brain where neurogenesis occurs in adulthood.

Hypertension is a chronic cardiovascular disease that is reaching epidemic proportions in
western countries. Although hypertension is traditionally considered an ailment of old age, its
prevalence is also increasing among children and youth (Falkner 2010). Nowadays it is well
established that the hippocampus is specifically sensitive to the alterations in blood pressure
(Sabbatini et al. 2002, Sabbatini et al. 2000). Importantly, hypertension can lead to the
impairments in hippocampus-dependent processes such as learning and spatial orientation,
even in the absence of clinical evidence of vascular damage (Harrington et al. 2000,
Papademetriou 2005). Studies show that hypertension decreases (Pietranera et al. 2006,
Pietranera et al. 2008, Pietranera et al. 2010, Shih et al. 2016) but also increases (Hwang et al.
2008, Kronenberg et al. 2007, Perfilieva et al. 2001) adult neurogenesis. Thus, question
remains, however, if hippocampal sensitivity to blood pressure also includes alterations of
adult neurogenesis in the dentate gyrus (DG). (A. PISTIKOVA et;al 2017 Nov).

Neurogenesis Pathways

o Wnt/B-Catenin Signalling Pathway
o The Notch signalling pathway

o The Rb pathway
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Whnt/g-Catenin Signalling Pathway

The Whnt/-catenin signalling system is crucial for neural development. -catenin is a key
component of the Wnt/-catenin signalling route, which not only transmits information in the
cytoplasm but also translocate to the nucleus, where it activates target gene transcription. The
target genes in neural tissues have not been fully identified, but current research has proven
the impact of the Wnt/-catenin signalling pathway in adult neurogenesis, which is important
for basic research and treatment of neuronal degenerative illnesses. (Lin Zhang, Xinyu Yang,
and others, November 2010). Multiple elements of adult hippocampus neurogenesis are
regulated by Wnt/-catenin signalling. Baicalin is a significant flavonoid molecule having a
wide range of pharmacological properties, including anti-inflammatory, anti-apoptotic, and
neuroprotective properties. The goal of this study was to look into the antidepressant
properties of baicalin and its possible molecular mechanisms affecting hippocampal
neurogenesis via the regulation of the Wnt/B-catenin signaling pathway. (Zhigang Xiao et;al
2021 August).
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Fig3. The canonical Wnt/B-catenin signaling pathway in regulation of downstream target

genes of DA neurogenesis (From Ref. 48, Ding, et al., 2011).
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The Notch signalling pathway

In both the embryonic and adult brains, the Notch signalling pathway is important for neural
stem cell maintenance and neurogenesis. Notch functions are highly reliant on proper control
and cross-talk with other regulatory systems. Many neurodegenerative illnesses and brain
disorders are linked to Notch signalling dysregulation. (Runrui Zhang et al., June 2017).
Notch is a membrane-bound receptor with membrane-bound ligands that has evolved over
time. Notch is a crucial integrator of environmental signals and can be thought of as
amembrane-bound transcription factor' since ligand-mediated enzymatic cleavage results in
nuclear signalling through canonical and non-canonical pathway.Notch is a membrane-bound
transcription factor' that is thought to be a crucial integrator of environmental signals.

Notch controls the cell cycle in neural stem cells, ensuring that stem cell maintenance and
daughter cell production are balanced. More neuronally devoted progeny are responsive to a
variety of environmental signals, not only Notch ligands, indicating that Notch's ability to
regulate proliferation is largely cell-type dependent. (Jessica L. Ables and colleagues, April
2011).

Notch signalling, in part through reelin-DAB (disabled homologous) signalling, also controls
neuronal migration. According to this research, Notch-mediated migration modulation may
also rely on indirect microtubule stability regulation. (Jessica L. Ables and colleagues, April
2011).
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The Rb pathway

Rb, the retinoblastoma protein, is known to have CNS-specific needs separate from its
traditional role as a tumour suppressor. (Bensun C. Fong, R. Slack, and colleagues, January
2017). During embryogenesis, cell division is critical for the creation of the nervous system.
Proliferating neural precursor cells commit to a neuronal fate and, as a result, undergo
terminal mitosis and adopt a neuronal phenotype during this developmental process. (K L

Ferguson et al., July 2001). A crucial regulator of the cell cycle

Retinoblastoma (Rb), a tumour suppressor protein, is involved in both terminal mitosis and

neural development. Cell proliferation, cell fate determination and differentiation, as well as
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programmed cell death, all play a role in neural development. (K L Ferguson et al., July
2001). The retinoblastoma protein, or pRb, is a tumour suppressor gene that regulates the G1-
S cell cycle checkpoint (McClellan and Slack, 2006; Chen et al., 2009; Freedman et al., 2009).
By binding and inhibiting E2F transcription factors, Rb regulates the transcription of genes

needed for DNA replication and cell cycle advancement (Burkhart and Sage, 2008)

There are eight E2Fs, five of which can bind Rb (E2F1-5) and are regarded traditional Rb
partners, and the other two are Rb-independent repressors (E2F6-8) (Dick and Dyson, 2006;
Chen et al., 2009; Lammens et al., 2009). Through pocket protein binding, E2F1, 2, and 3
repress transcription and induce gene silencing, whereas E2F4 and 5 repress transcription and
induce gene silencing (Dick and Dyson, 2006). Two unusual E2Fs, E2F7 and E2F8
(Lammens et al., 2009). can form homo and heterodimers which, in the absence of pocket
proteins, bind and repress E2F target genes. The expression of E2F7 and 8 is induced by
activating E2Fs and are believed to serve as a fine tuning mechanism to modulate E2F target
gene regulation (Di Stefano et al., 2003; Christensen et al., 2005; Lammens et al., 2009),
(Noél Ghanem et;al 2012 June).
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Fig5. showing the model of role of the Rb/E2F pathway in the coordination of proliferation
and differentiation during neurogenesis. Adapted from (Noél Ghanem et;al 2012 June).

Regulation of Adult Neurogenesis in Mammalian Brain

A limited number of cells multiply, take on regional identities, and give rise to various cell
types as the mammalian central nervous system (CNS) develops. This process is spatially and
temporally controlled. (Maria Victoria Niklison-Chirou et al July 2020). These cells have
been labelled as neural stem cells (NSCs) and have the capacity to differentiate into
specialised brain cell types as neurons, astrocytes, and oligodendrocytes as well as to produce
identical NSC progeny by symmetric cell division (self-renewal). The subventricular zone
(SVZ) of the lateral ventricle, where new neurons are produced and eventually migrate to the
olfactory bulb (OB), and the subgranular zone are two separate locations of the brain where
adult neurogenesis is confined under physiological conditions(Maria Victoria Niklison-
Chirou et;al 2020 July).

Despite being intricate and tightly controlled, neurogenesis may be broken down into six
distinct stages. Stage 1 is known as the proliferation phase and occurs 1-3 days after birth.

During this time, neural progenitor cells (NPCs) are capable of proliferating and
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differentiating into a variety of cell types, but they are unable to self-renew. Stages 2-4,
collectively referred to as the differentiation phase, take place about a week after birth.
During this period, neural progenitors end the cell cycle and commit to the neuronal lineage.
Immature neurons enter stage 5, also known as the migratory phase, following the
commitment, to reach their destination. (Massimiliano Agostini et;al 2020 July). Between
two and three weeks after delivery, this incident happens. Axonal projection lengthening and
dendritic development begin in post-mitotic neurons. The final stage of adult neurogenesis is
called synaptic integration, and it starts about four weeks after birth. During this stage, newly
formed neurons create synaptic connections with those of the pre-existing circuits. In general,
it takes 2-4 months for indistinguishable adult-born neurons to fully integrate with
neighbouring cells and incorporate into the circuits of the hippocampus. (Massimiliano
Agostini et;al 2020 July).

Epigenetic Mechanism in Neurogenesis

Neural stem cells multiply and give rise to neurons and glia in the embryonic and adult brain
through highly controlled mechanisms. Different stages of neurogenesis are greatly
influenced by epigenetic mechanisms, which include DNA and histone alterations as well as
regulation by non-coding RNAs. Pathogenesis of numerous brain illnesses is also influenced
by aberrant epigenetic control. (Bing Yao et al. 2016, September) Numerous traditional
epigenetic mechanisms, such as DNA methylation, histone modifications, chromatin
remodelling, and control carried out by non-coding RNAs like microRNAs (miRNAs) and
long non-coding RNAs (IncRNAs), have been thoroughly studied (INcRNAS).

DNA Methylation in Neurogenesis

In order to produce 5-methylcytosine (5mC), which is a chemical alteration of the cytosine 5
carbon position, DNA methylation is required CpG islands26, areas with a high frequency of
CG dinucleotides, have been the focus of DNA methylation research in the past. To preserve
genomic stability, imprinted gene silence, and X-inactivation, the majority of CpG islands in
mammals are hypomethylated. While DNMT3A and DNMT3B act as de novo
methyltransferases to create new methylation patterns, DNMT1 predominantly copies the
pre-existing methylation patterns for inheritance during DNA replication. (Kimberly M.
Christian et;al 2016 June).
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Histone Modification

In eukaryotes, DNA is wrapped around an octamer of histone proteins, which consists of two
copies of each of the histone variations H2A, H2B, H3, and H4, to create a highly organised
chromatin structure. By acting as docking stations to draw various epigenetic modifiers and
transcription factors for transcriptional control, chemical covalent changes of the amino acids
on the amino-terminal "histone tails" define the transcriptional environment. Furthermore, it
has been proposed that interactions between histone and DNA modifications regulate the
patterning and upkeep of the transcriptome landscape60. It is generally known that key
functions in neurogenesis are played by histone methylation and acetylation on lysine
residues(Bing Yao et;al 2016 Sep).

MicroRNAs and long non-coding RNAS in neurogenesis

In order to control the stability and translation of their target mMRNA, microRNAs (miRNAS),
a type of 20-25 nucleotide length non-coding RNAs, attach to either the 3’ untranslated
region (UTR) or the coding sequence of the specific mMRNA154. Numerous biological
processes, including neurogenesis, have been revealed to be regulated by miRNAs154. For
instance, miR-19 targets phosphatase and tensin homologue during embryonic neurogenesis
to encourage the growth of radial glial cells (RGCs) and neural progenitor cells (NPCs).
(Chuan He et;al 2016 June).

Chromatin Remodelling

For the regulation of gene expression, certain chromatin conformation is also necessary,
along with chemical changes of histones and methylation of DNA. The right density and
spacing of nucleosomes should be preserved because the presence of histones in the DNA
creates a barrier to gene transcription. Nucleosome occupancy and composition are controlled
by specialised ATP-dependent chromatin-remodelling complexes such as imitation switch
(ISWI), chromodomain helicase DNA-binding (CHD), switch/sucrose non-fermentable
(SWI/SNF also known as BRG1/BRM associated factor, BAF), and INO80. Chromatin
remodelling complexes, which are made up of various protein combinations, have become

significant regulators of neuronal growth. (Maria Victoria Niklison-Chirou et;al 2020).
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AIM AND OBJECTIVES

AIM: To study the effect of Angiotensin-Converting Enzyme 2 activator (ACE2A) on

neurogenesis in Spontaneously Hypertensive Rats (SHR)
Objectives:

1. To study the effect of Angiotensin-Converting Enzyme 2 activator (ACE2A) on
hemodynamic parameters in spontaneously hypertensive rats (SHR).

2. To study the effect of Angiotensin-Converting Enzyme 2 activator (ACE2A) on the

neuroinflammation in spontaneously hypertensive rats (SHR).

3. To study the effect of Angiotensin-Converting Enzyme 2 activator (ACE2A) on the
parameters of oxidative stress and mitochondrial membrane potential in spontaneously

hypertensive rats (SHR).

4. To study the effect of Angiotensin-Converting Enzyme 2 activator (ACE2A) on the

markers of neurogenesis in spontaneously hypertensive rats (SHR).
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MATERIALS AND METHODS

Animals

Male Spontaneously Hypertensive Rats (SHR) of 6 months old (250-350 gm) which is a well-
accepted model of hypertension having major neurodegenerative changes in the brain has
been used in this study. Wistar rats of similar age were used as control of SHRs. Animals
were obtained from the Laboratory Animal Services Division of CSIR-Central Drug
Research Institute, Lucknow. The animals were kept in polyacrylic cages with 7 Rats per
cage and maintained under standard housing conditions (24-27 degrees Celsius) with a 12 hrs
light and dark cycle.

Experimental setup
Group 1 - WISTAR

Group 2 - SHR
Group 3- SHR+ ACE?2 activator (ACE2A) (10 mg/Kg)
Group 4- SHR+ ACE?2 activator (ACE2A) (15 mg/Kg)

Drug administration

ACE2A was dissolved in a dose of 10mg/ml and 15mg/ml in normal saline. The dose of
ACE2A was administrated by intraperitoneal injection daily for 4 weeks (28 days). About 28

rats were procured. Four groups were parted, each group comprising 7 rats.

Measurement of Body weight

Along with the dosing of the animals, their weight was also recorded weekly for a month to
check the effect of the ACE2 activator on body weight.

Non-invasive blood pressure measurement (NIBP)

Non-invasive blood pressure method compared to other methods requires absolutely no
surgery. The non-invasive rat blood pressure measurement consists of using a tail-cuff placed
on the tail to occlude blood flow. These systems often come with a warming tray and snug
restrainer to hold the animal. A comfortable and warm environment is necessary to produce

peripheral vasodilatation and isolate the animal from external noise or other stimuli. This
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makes conditioning any rodent a much easier task and lowers the risk of stressed animals
influencing blood pressure results. In this study, we measured the blood pressure at the
termination of the experiment. The hemodynamic parameters like systolic blood pressure
(SBP), diastolic blood pressure (DBP), mean arterial blood pressure (MAP) and heart rate

(HR) were recorded by using a tail-cuff placed on the tail to occlude blood flow.

Fig 6.Non-InvasiveBlood Pressure Measurement System (Columbus, USA)

Processing of brain tissue:

After the completion of the experiment, the rats were sacrificed with trans-cardiac perfusion.
Rats were perfused through the heart with ice-cooled normal saline under ether anesthesia.
The anesthetized rat was cut from its ventral side to expose the heart. The right auricle of the
heart was punctured for efflux of blood following a slow injection of approximately 20 ml of
ice-cooled normal saline through the left ventricle. The brain was immediately removed from
each rat and cleaned with chilled normal saline and dissected hippocampus and cerebral
cortex. In brief, the dissection of the brain was performed from the dorsal surface as follows:
first the rhombencephalon (cerebellum, medulla and Pons) was separated by a transverse
section from the rest of the brain. A transverse section was made at the level of the optic
chiasm on the ventral surface. This section separated the cerebrum into two parts — the caudal
portion and the rostral portion. Hippocampus and cerebral cortex were dissected from the
caudal portion by opening the flaps. Collected brains were immediately stored at —80 °C for

biochemical analysis and immunoblotting.
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Western blot studies

Western blot is well-established technique to quantify protein expression. The brain was
homogenized by using an Ultra-Turrax T25 homogenizer in five volumes of ice-cold lysate
buffer (20 mM HEPES (pH- 7.5), 250 mM sucrose, 1mM dithiothreitol, 10Mm KCL, 1Mm
EDTA, IMm EGTA, 1x protease inhibitor cocktail). The homogenates were then spun at
13000 rpm for 20 minutes and the resultant supernatant was used as whole cell lysate. The
protein concentration of each sample was determined spectrophotometrically. An equal
amount of proteins was separated on 10% or 12% SDS-PAGE and transferred to a
polyvinylidene difluoride (PVDF) membrane. Protein ladder marker also loaded to confirm
molecular weight of protein bands. Membranes were blocked with blocking buffer (5% BSA)
for 2 h. Membranes were then incubated overnight at 4 Degree with primary antibody. After
three washings for 5 minute each with TBST, the membrane was incubated with respective
HRP-conjugated secondary antibodies for 2 h at room temperature. Blots were then
developed by the ECL chemiluminescence detection system (Millipore, USA). The band

intensity was measured using spot densitometry analysis.

Estimation of protein

Protein concentration was estimated at 560 nm wavelengths by the method of Bicinchoninic
acid (BCA) kit (Thermo Fisher Scientific) in all the brain tissue samples using Bovine serum
albumin (BSA) (1 mg/ml) as standard.

Estimation of Inflammatory cytokines by ELISA: Inflammatory cytokines in brain tissue
were measured by ELISA following the protocol provided by the manufacturer (BD
Bioscience, USA). For cytokines estimation in rat brain, tissues were homogenized in ice-
cold tris buffer (pH 7.2) containing 50 mM Tris, 1 mM EDTA, 6 mM MgCI2, and 5% (w/v)
protease inhibitor cocktail (Sigma-Aldrich, USA). After homogenization, samples were
sonicated for 30 sec using an ultrasonic processor (Heat systems Ultrasonic inc.) at a setting
of 20 duty cycles and then centrifuged at 20,000g for 20 min at 4°C. Supernatants were
collected and the level of the proinflammatory cytokine (TNF-a) was determined using a
commercially available ELISA kit. The concentration of protein in the sample was
determined by comparison with a standard curve of known protein concentrations. Cytokines

level (TNF-a)) were expressed as picogram per mg of protein.
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Estimation of reduced glutathione (GSH): GSH level from different groups was estimated
by using 0.2% DTNB reagent. In brief, the homogenized brain followed by ultra-sonication
was centrifuged at 10,000 g for 5 min at 4°C. An equal amount of brain homogenate (100 ul)
from different groups was mixed with 50 pl of 0.2% DTNB reagent, followed by an

incubation period of 10 min at RT. The absorbance was read at 412 nm.

Estimation of Mitochondrial membrane potential (wm): The difference in the MMP was

detected by JC-1 dye (2.5 uM) by using flow cytometry (Maurya et al., 2015).

RNA preparation and RT-PCR: Quantitative gene expression analysis was performed by
using SYBR Green technology as described previously (Khanna et al., 2013). Briefly, the
total RNA was extracted from different groups using TRIZOL (Sigma, USA) isolation
procedure and cDNA was synthesized using RevertAid™ H Minus first-strand cDNA
synthesis kit following the manufacturer's protocol (Invitrogen, USA). mRNA expression of
key genes associated with apoptosis was quantified using specific primers. Real-time RT-
PCR was carried out in QuantStudio 12K Flex Real-Time PCR System (Applied Biosciences
Indianapolis, USA). Relative mMRNA expression was calculated by using comparative cycle
threshold (2—AACt) method using GAPDH as an internal standard (Khanna et al., 2013) and
the relative amount of MRNA was presented in the form of fold change over control.

Bax: Forward primer: AGTGTCTCAGGCGAATTGGC
Reverse primer: CACGGAAGAAGACCTCTCGG
B-actin:Forward primer:CCCGCGAGTACAACCTTCT
Reverse primer: CGTCATCCATGGCGAACT
Statistical analysis

Statistical analysis was done by using Prism software version 5.0 (Graph Pad Software, San
Diego, CA, USA). All Results are expressed as mean £ SEM. Statistical significance was
evaluated by student’s t test and one-way analysis of variance (ANOVA) followed by
Tukey’s multiple comparison tests. A value of p <0.05 was considered to be statistically

significant.
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Results

1) Effect of ACE2A treatment on body weight in SHRs: Body weight was recorded every
week till the 28" day of the experimental duration to see the effect of chronic hypertension or
ACE2A on body weight. We did not find any change in the body weight of SHRs treated

with ACE2A as comparison to SHR control rats.
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Figure 1: Effect of 2 different doses of ACE2A treatment on body weight of SHR measured
weekly till 4" week (n=7 rats/group).

2) Effect of ACE2A treatment on hemodynamic parameters in SHRs: Effects of
treatment with ACE2A in SHRs were recorded at the termination of the experiment by non-
invasive blood pressure measurement.Systolic blood pressure (SBP), Diastolic blood pressure
(DBP), Mean Arterial Pressure (MAP), and Heart Rate (HR) were significantly increased in
SHRs which were significantly decreased by Angiotensin-converting enzyme 2 activator,

treatment at 15 mg/kg for 4 weeks.
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Figure 2: Effect of 2 different doses of ACE2A treatment on haemodynamic parameter like
(A)SBP, (B)DBP, (C)MAP, and (D)HR in SHR model of Hypertension(n=7 rats/group).

3) Effect of ACE2Atreatment on inflammatory cytokines in SHRs brain hippocampus:
Effects of treatment with ACE2A in SHRs were estimated in the brain hippocampus. We
found that ACE2A treatment both at 10 mg/kg and 15 mg/kg can significantly reduce the pro-

inflammatory cytokines (TNF-a) in brain hippocampus of SHR rats.
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Figure 3: Effect of 2 different doses of ACE2A treatment onpro-inflammatory cytokine
(TNF-a) in the hippocampus region of SHR model of Hypertension (n=3-4).
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4) Effect of ACE2Atreatment on reduced glutathione level in SHR rat brain
hippocampus: Effect of treatment with ACE2 activatorin chronic hypertension induced SHR
rat brain on reduced glutathione level was estimated as per the protocol mentioned in the
materials and methods sections and reading was done by spectrophotometer. We found that
ACE2A increased the glutathione level in the ACE2A-treated SHR rat brain hippocampus as

compared to SHR control.

30— ,
##t mm Wistar
. —|_ =3 SHR

E £ 204 # =3 SHR+ ACE2A (10 mg/kg)
% § =3 SHR+ ACE2A (15 mg/kg)
» ‘s

o = 10+ q:

0_

Figure 4: Effect of 2 different doses of ACE2A treatment onGSHIevel in hippocampus
region of SHR model of Hypertension (n=3-4).

5) Effect of ACE2Atreatment on mitochondrial membrane potential (MMP) in SHR rat
hippocampus: Effect of treatment with ACE2 activator treatment on MMP was determined
by flow cytometry. We found the ACE2A reduced the mitochondrial depolarization (reduced
MMP)significantly in ACE2A treated SHR rat brain hippocampus as compared to SHR

control rat brain hippocampus.
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Figure 5: Effect of 2 different doses of ACE2A treatment on Mitochondrial membrane

potential (MMP) determined by JC-1 staining by Flow cytometry (FACS) in hippocampus
region of SHR model of Hypertension (n=3-4).
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6) Effect of ACE2Atreatment on markers of apoptosis in SHR rat hippocampus: Effect
of treatment with ACE2 activator treatment on apoptosis markers was determined by RT-
PCR. We found the ACE2A can reduce the mRNA expression of pro-apoptotic marker, Bax
significantly in ACE2A treated SHR rat brain as compared to SHR control.
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Figure 6: Effect of 2 different doses of ACE2A treatment on mRNA level of Bax in
hippocampus region of SHR model of Hypertension (n=4).

7) Effect of ACE2Atreatment on markers of neurogenesis in SHR rat brain: Effect of
treatment with ACE2 activator treatment on neurogenesis markerslike Wnt 3a, p-GSK3p was
determined by western blotting. We found that ACE2A can increase the protein expression of
Wnt 3a, p-GSK3p significantly in ACE2A-treated SHR rat hippocampus as compared to
SHR control.
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Figure 7. Effect of 2 different doses of ACE2A treatment on protein expression of
neurogenesis markers Wnt3A and p-GSK3p in hippocampus region of SHR model of
Hypertension (n=4).
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Discussion

Hypertension is an epidemic health challenge, a proven major risk factor of the development
of cardiovascular disease and the leading cause of morbidity and mortality worldwide.
Despite the availability of several classes of antihypertensive drugs, the treatment of
hypertension often remains suboptimal. In addition, the prevalence of uncontrolled
hypertension continues to rise globally. It is well established that neurodegeneration is an
integral aspect of hypertension. Activation of the RAS is known to be a key mediator of
hypertension, and interventions to block RAS activation are the most widely used of all blood

pressure lowering agents.

In present study we have explored an ACE2 activator classical drug for trypanosomiasis and
babesiosis in our in-vivo study. In this study, we used the SHR model which is a genetically
hypertensive rat and well-established model to study hypertension induced changes. SHRs
were treated with ACE2A for 28 days by intraperitoneal mode to check the effect of ACE2

activation in neurodegenerative and neurogenesis changes in model of hypertension.

We observed that ACE2 activator at the dose of 10 mg/kg and 15 mg/kg did not have any
effect on body weight but ACE2A at the dose of 15 mg/kg was reducing all the
haemodynamic parameters.However, we further found that ACE2A at both the doses of 10
mg/kg and 15 mg/kg is capable of reducing the inflammation by downregulating pro-
inflammatory cytokine (TNF-a) in hippocampus of SHR rats treated with ACE2A. Wefurther
checked the effect of ACE2A at both the doses of 10 mg/kg and 15 mg/kg on Glutathione
level and found thatACE2A at both the doses of 10 mg/kg and 15 mg/kg is capable of
upregulating the GSH level in hippocampus of SHR rats treated with ACE2A.It leads to
conclude that ACE2 activation perform a crucial role in regulating the Neuroinflammation

and oxidative stress.

Wefurther checked the mRNA level of neurodegenerative markers like Bax and found that
ACE2A treatment at both the doses of 10 mg/kg and 15 mg/kg reduced the Bax expression.
Further, the neurogenesis markers involved in Wnt-f catenin signalling like Wnt-3A and p-
GSK3p were found to be upregulated by ACE2A treatment in SHR rat brain hippocampus.
This implies that ACE2A treatment significantly upregulating the neurogenesis in SHR

model of hypertension.
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Conclusion

The study demonstrated that the ACE2 activation led to increase in the neurogenesis by
suppressing the neurodegenerative markers, inflammation, oxidative stress burden, and by
improving mitochondrial health in Spontaneously hypertensive rat model of hypertension.
Therefore, potential drugs, may be screened for the activation of ACE2 and successful

molecules can be taken up for future drug development program.
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