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1.SUMMARY
Author: Ilana Gershelis.

Thesis: Remodeling of Stellate Ganglia caused by Arterial Hypertension

Aim and Objectives

The aim of the present study: To hinvestigate sympathetic ganglia remodeling caused

by arterial hypertension.

The objectives of the study:

1. To investigate the morphological changes of neurons of the upper cervical and stellate
nodes caused by hypertension.

2. To investigate hypertension-induced immunohistochemical changes in neurons of the
upper cervical and stellate nodes.

3. To investigate hypertension-induced immunohistochemical changes in the fibers of the

upper cervical and stellate nodes.

Methods: Normotensive and hypertensive rats have been used by this experiment, the total
number of sample was 12 meaning 6 rats WKY and 6 SHR. Samples has been taken from
superior cervical and superior thoracic ganglia and were stained using neurofilament protein as
a marker. TH positive marker were added with CGRP ChAT and NOS neurotramittors , We
examined the slides under light microscope.Table and graphs has been used the demonstrate
our study results by the help of statistical analysis.

Results: The results of our study indicate that there are no significant differences in the
morphology, size, and number and density of neurons in the superior cervical and superior
thoracic ganglia of hypertensive and normotensive rats. As well as neuronal number and size
in normotensive and hypertensive rats shows lack of significant different. However, we observe
a greater fiber density of CGRP ChAT and NOS that reacted to TH positive marker in the
normotensive rats compared to hypertensive rats.

Conclusions: Hypertension-induced morphological changes (area, density and number) of
superior cervical and stellate ganglion neurons were not found. No immunohistochemical
(TH, CGRP, ChAT, and NOS) changes were found in superior cervical and stellate ganglion
neurons induced by hypertension. Hypertension-induced immunohistochemical changes in
the fibers of the upper cervical and stellate nodes were determined (the density of ChAT,
CGRP and NOS immunoreactive fibers was significantly reduced in the group of
hypertensive rats.



SANTRAUKA

Autorius: Ilana Gershelis

Pavadinimas: Arterinés hipertenzijos sukeltas zvaigzdinio mazgo ganglijy remodeliavimas

Tikslas ir uzdaviniai

Sio darbo tikslas: istirti simpatiniy mazgy remodeliacija, salygota arterinés
hipertenzijos.

Darbo uzdaviniai:

1. [Istirti hipertenzijos salygotus virSutinio kaklinio ir zvaigzdinio mazgy neurony
morfologinius pokycius.

2. [Istirti hipertenzijos sglygotus virsutinio kaklinio ir zvaigzdinio mazgy neurony
imunohistocheminius poky¢ius.

3. [Istirti hipertenzijos salygotus virSutinio kaklinio ir Zvaigzdinio mazgy skaiduly

imunohistocheminius pokycius.

Metodai: Tyrime buvo panaudotos 6 normotenzinés (WKY) ir 6 hipertenzinés (SHR ) ziurkés,
taikant serijiniy pjiviy metoda ir naudojant TH, CGRP, ChAT ir NOS Zymenis. Paruosti
preparatai buvo tirti fluorescenciniu mikroskopu, buvo atlikti nerviniy struktiry
morfometriniai tyrimai, kiekybiniai duomenys apdoroti statistiSkai.

Rezultatai: Sio tyrimo rezultatai rodo, kad statistiskai reikimingi dydzio, skaiiaus ir
struktiiriniai  virSutinio kaklinio ir Zvaigzdinio mazgy neurony pokyciai nebuvo nustatyti,
lyginant WKY ir SHR grupes. ChAT, CGRP ir NOS imunoreaktyviy skaiduly tankumas buvo
statistiSkai reikSmingai mazesnis hipertenziniy Ziurkiy grupg¢je, lyginant su normotenzinémis
ziurkémis.

ISvados: Hipertenzijos salygoty virSutinio kaklinio ir Zvaigzdinio mazgy neurony
morfologiniy (ploto, tankumo ir skai¢iaus) pokyc¢iy nerasta. Hipertenzijos salygoty virSutinio
kaklinio ir zvaigzdinio mazgy neurony imunohistocheminiy (TH, CGRP, ChAT ir NOS)
poky¢iy nerasta. Hipertenzijos salygoti virSutinio kaklinio ir Zvaigzdinio mazgy skaiduly
imunohistocheminiai pokyc¢iai nustatyti (ChAT, CGRP ir NOS imunoreaktyviy skaiduly
tankumas Zenkliai sumaz¢jes hipertenziniy ziurkiy grupéje).
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S.ABBREVIATION LIST

AChE — acetylcholinesterase

ANS- autonomic nervous system

CGRP- Calcitonin gene-related peptide

CGRP-IR- Calcitonin gene-related peptide Immunoreactive peptide
ChAT- choline acetyltransferase

Chat-IR- choline acetyltransferase immunoreactive peptide
CVD - coronary vascular disease

CHF-chronic heart failure

CHR- congestive heart failure

HF- heart failure

ICNS- intrinsic vascular nervous system

LCN- local circuit neuron

LSG- Left stellate ganglion

LV- left ventricle

NE- Norepinephrine

pChAT — choline acetyltransferase of a peripheral type

PV- pulmonary vein

RSG- right stellate ganglion

SCD- sudden cardiac death

SG- stellate ganglion

SCG-superior cervical ganglia

STG-superior thoracic ganglia

SHR-spontaneously hypertensive rats

SIF- Small intensely fluorescent

SNS- Sympathetic nervous system

SP- substance P

VAChT - vesicular acetylcholine transporter

VGLUT-IR- vascular glutamate transporters immunoreactive peptide

WKHA-Wistar Kyoto with hypertension
WKY- Wistar-Kyoto


https://www.guidetopharmacology.org/GRAC/FamilyDisplayForward?familyId=191
https://www.guidetopharmacology.org/GRAC/FamilyDisplayForward?familyId=191

6.INTRODUCTION

The stellate ganglia (SG) are clusters of neurons located in the neck region of the
sympathetic nervous system. These ganglia are responsible for regulating blood pressure, heart
rate and respiration. Hypertension is a common cardiovascular disorderof increased blood
pressure that affects millions of people worldwide. Several studies have suggested that the
stellate ganglia structure  play a role in the development and progression of
hypertension(1).This literature review aims to explore the current state of knowledge about the
structure of the stellate ganglia in hypertension and mainly study about morphological changes
and possible causes. Specifically, I will examine the anatomical and functional changes that
occur in the stellate ganglia in hypertension, as well as the potential mechanisms underlying
these changes.Several studies have shown that the structure of the stellate ganglia is altered in
hypertensive patients. Similarly, another study reported that the stellate ganglia of hypertensive
humans exhibited increased sympathetic activity, as measured by the release of norepinephrine.
Anatomical and functional changes in the stellate ganglia have been attributed to various
mechanisms, including increased oxidative stress, inflammation, and autonomic dysfunction
(2). Studies have been suggested that oxidative stress plays a role in the hypertrophy of stellate
ganglia neurons in hypertensive rats (3).Moreover, other research suggested that inflammation
in the stellate ganglia might be related to the increased sympathetic activity observed in
hypertensive humans. In conclusion this structural and functional changes that occur in the
stellate ganglia that occur in hypertension will play an important role for the development of
new therapeutic approaches to manage hypertension in human and provide clear evidence to

morphological changed that will occur due to the present changes(4).



7.AIM AND OBJECTIVES

The aim of the present study This is a detailed anatomical investigation of
morphological changes of stellate ganglion of the SHR with arterial hypertension. Which is
equivalent to arterial hypertension of the aging humans, remain undetermined. Therefore, this
study was aimed to identify the structural changes of stellate ganglion that occur in the aged
SHR. The neuroanatomy of the rat demonstrated in this study facilitates further investigations
with this animal model and, thereby, it should increase our knowledge of physiologic roles and

effects of hypertension in morphological way on stellate ganglion.

The objectives of the study:

1. To investigate the morphological changes of neurons of the upper cervical and stellate
nodes caused by hypertension.

2. To investigate hypertension-induced immunohistochemical changes in neurons of the
upper cervical and stellate nodes.

3. To investigate hypertension-induced immunohistochemical changes in the fibers of
the upper cervical and stellate nodes.
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8. REVIEW OF LITERATURE

8.1 Autonomic Nervous System role in cardiovascular diseases

The Sympathetic Nervous System (SNS) is comprised of two distinct neural
projections, They can be differentiated by the structure and location of their cell bodies and the
neurotransmitters they use to mediate communication between cells. Preganglionic neurons
with cell bodies located in the spinal cord (C6-C7) project to cervicothoracic or stellate ganglia,
on the other hand postganglionic sympathetic neurons project from these intrathoracic ganglia
to the atrial and ventricular myocardium.Regulation if activity and signals of neurons are occur
by the action of acetylcholine, which binds to nicotinic acetylcholine receptors. Postganglionic
neurons release norepinephrine for neurotransmission(5). Cardiovascular disease that is
influenced by the Sympathetic Nervous System (SNS) can manifest in many forms, such as
increased heart rate, contractility, and peripheral vasoconstriction. The physiological effects of
the SNS can be classified into four categories. The first Norepinephrine (NE) released by
neurons by the left stellate ganglia reaches the left ventricle, resulting in an elevation of
contractility and blood pressure. NE released by neurons via the right stellate ganglion.
Secondly, release of epinephrine into circulation by the adrenal cortex has effects on
myocardium and peripheral vessels . The third category involves direct action of epinephrine
and NE on peripheral vessels. The fourth category includes the ability of NE to reach various
sites, such as increasing heart rate during exercise in heart transplant recipients who lack
adrenergic innervation of the heart (6). The catecholamines epinephrine and noradrenaline
function as both neurotransmitters and hormones in the hormonal system that controls the heart.
While norepinephrine exclusively affects alpha receptors, epinephrine also affects beta
receptors. While skeletal muscle, the heart, and the lungs have alpha receptors, atherosclerotic
arteries have beta receptors (7). Any damage to the sympathetic nervous system can impair
blood vessel innervation and loss of ability to increase peripheral resistance those may leads to
complications such as orthostatic hypertension and circulatory disturbances in the extremities,

resulting in skin and foot damage.
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When there is an increase in sympathetic activity in systolic dysfunction, it triggers
the activation of the SNS and reduces vagal activity, which results in the secretion of hormones
renin-angiotensin-aldosterone axis, for instance. Studies have shown that SNS hyperactivity
may help hypertensive patients acquire left ventricular diastolic dysfunction, which raises the
risk of cardiovascular problems, especially in instances of heart failure with a preserved left
ventricular ejection fraction (8).Within the first hour after a coronary cardiac event with
myocardial infarction, central sympathetic nerve output will rise after an increase in plasma
norepinephrine levels. Returning to the classic example of a cardiovascular disease, consider
the overactivity of the sympathetic nervous system characteristic of congestive heart failure. In
earlier clinical phases of the disease, NYHA class I- II heart rate and myocardial contractility
increase, preserving the left ventricular output of the heart failure. In addition, sympathetic
activation favours arteriolar vasoconstriction, keeping blood pressures stable despite the
reduction in cardiac output. Adrenergic overdrive leads to systemic vasoconstriction and
sodium follow by water retention, which improves venous return to the heart and increases the
pressure in heart (9). The autonomic nervous system is regulated by fibers called baroreceptors
that located in the region of the aortic arch and both carotid ssinus near the carotid bifurcation.
Their activation is triggered by vasodilatation mediated by pulse waves, and their signal is
transmitted via the glossopharyngeal nerve to the nucleus tractus solitarii in the dorsal spinal
cord. Via a negative feedback cycle the sympathetic tone in the efferent part of the baroreflex

is reduced and parasympathetic tone is increased(10).

Because of the tonic, inhibitory influence of baroreceptors on sympathetic activity,
neural cardiac control is dominated by parasympathetic nervous system activity under healthy
conditions. Abnormalities in baroreceptor mechanisms could impair the tonic influence of
baroreceptors on the heart and circulatory system, resulting in sympathetic excitation and

parasympathetic withdrawal. There is clinical evidence that the autonomic nervous system is
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associated with the development and progression of CVD. In humans decreased baroreceptor
function is associated with increased risk of cardiac death and sudden cardiac death (SCD).
Some of the beneficial effects of various therapeutic interventions arise, at least in part, from

their effects on the ANS(11),

Heart failure and cardiac arrhythmias are also associated with increased sympathetic
tone and central inhibition of sympathetic tone might be beneficial. Risk factors for ventricular
arrhythmias are prolongation of the QTc interval as well as prolongation of transmural
dispersion of repolarization stellectomy significantly reduced arrhythmia burden in patients

with refractory ventricular arrhythmias in structural heart disease‘ 12).

The hyperactivity on HF is related to the suppression of cardio-inhibitory reflexes,
which are called braroreflex. In the central nervous system, both angiotensin II and aldosterone
act on synapses by decreasing synaptic reuptake. Symphatic hyperactivity affects excitation-
contraction coupling and calcium signaling leading to apoptosis and progression of HF (13,
The sympathetic nervous system's outflow from the central nervous system primarily affects
the heart, kidneys, and peripheral vascular system. The increase in heart rate and ventricular
contractility brought on by catecholamines during an emergency aids in maintaining cardiac
output. Increased sympathetic nervous system activity may lead to systemic vasoconstriction
and interstitial growth, and remodeling that increases myocardial mass and may lead to
enlargement of the left ventricle (LV)(14).

Two divisions of the heart ANS, the SNS and the PSNS play an important role in the
heart, atria, ventricle and take part in Arrhythmogenesis process. However, the subtleties of
this neurocardiac axis and the corresponding interactions have not been fully clear.. The
interactions between the intrinsic and extrinsic cardiac ANS appear to be different in normal
and disease states. There is growing evidence that the ICNS, the "little brain," may be directly

involved in cardiac pathology, because pathological changes in the human ICNS have been
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identified that appear to have implications for the functional integrity of this last common

regulator of cardiac function in disease states. (15,

If case ischemia of the heart triggers cardiovascular reflexes, we must first understand
that the braroroflexes may be blunted in heart disease. When ischemia releases chrmic
substances such as adenosine and hydroxyl redicals the result will be suppression of ventricular
myocyte activity. Locally released adenosine or hydroxyl radicals go into action and affect the
nervous system of the heart . Treatment of myocardial ischemia should take into account the
altered behavior of cardiac myocytes and neurons. Ischemia can lead to loss of ventricular

cardiomyocyte contractility. This pathological condition may lead to HF(16).

Animal experiments with transneural retrograde labeling support an observation that
shows preganglionic sympathetic neurons may ascend or descend to a higher or lower ganglion,
from which postganglionic fibers project to the heart. Markers injected into the rat stellate
ganglion were found in spinal segments C8 to T8 with a peak at T2. Whether these spinal
segments are involved in cardiac sympathetic innervation or whether other regions are involved
remains to be determined. One study suggests that the axons of sympathetic preganglionic
neurons branch from a spinal cord segment and may have axonal projections to multiple
cervical and thoracic ganglia. By explanation of other studies that was performed on increased
venous tone, both contribute to the maintenance of blood pressure by increasing systemic
vascular resistance and ventricular preload. Renal vasoconstriction (primarily by angiotensin
II) occurs at the efferent arteriole and leads to an increase in filtration fraction, allowing
glomerular filtration to be maintained relatively well despite a decrease in renal blood flow.
Both norepinephrine and angiotensin II stimulate proximal tubular sodium reabsorption,
contributing to the sodium retention and volume expansion characteristic in case of HF. The

heart responds to the increase in venous return by increasing end-diastolic volume, which leads
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to increase in level of stroke volume. Chronic stimulation by the sympathetic nervous system
results in myocyte enlargement,

rat hearts were injected with retrograde tracers that were subsequently found in the
preganglionic sympathetic neurons of spinal cord levels T1-T7 and even in spinal cord levels
T8-T11 in some rats. Electrophysiological studies in animals show that each cervical and
thoracic paravertebral ganglion is innervated by a subset of spinal cord segments. Ganglia tend
to be innervated most strongly by a particular spinal segment, with contributions from adjacent
spinal segments decreasing with increasing distance from the dominant segment. Study in
guinea pigs showed that the majority of superior cervical ganglion cells receive input from
spinal segments T1-T4 . Majority of stellate ganglion cells receive input from spinal segments
T2-T6, and the majority of fifth thoracic ganglion cells receive input from T4-T8§, with the main
supply coming from spinal level T5. Although the majority of segments involved in innervation
of the fifth thoracic ganglion originate from spinal segments T4-T8(17).Activation of the ANS
in the cardiovascular system results in the release of two catecholamines that mediate its effects,
norepinephrine and epinephrine, The release of norepinephrine occurs via the mechanisms in
which Norepinephrine is released from the sympathetic nerve endings of the heart in the right
stellate ganglion and reaches the sinus and atrioventricular nodes (leading to an increase in
heart rate and a shortening of atrioventricular conduction) and the left ventricle via the left
stellate ganglion leading to an increase in contractility.The release of norepinephrine and
epinephrine into the circulation by the adrenal medulla, which affects both the myocardium and
peripheral vessels; and the local release of norepinephrine and epinephrine by various
peripheral ANS which can synthesize and release catecholamines such autocrine/paracrine that

will be localized in the blood vessels and in the myocardial cells(18).
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8.2 Structure of the intrinsic cardiac nervous system

Intrinsic cardiac nervous system provides an adjustment of the mechanical and electrical
activity of the heart and consists of a network of neurons that communicate with each other
with neurons in the extracardiac thoracic ganglia and all this occurs under the control of the
central nervous system. The ICNS includes afferent interconnective and cardio motor

neurons(19).

Anatomically the nerves leading to the heart penetrate through the cardiac hilum at
the base of the heart into the epicardium near the heart hilum (20). Postganglionic intrinsic
nerves proceed to atrial and ventricular regions around the sinus node, the roots of the caval
and PV and near the atrioventricular node (19). Intrinsic cardiac ganglia are associated with
control of different cardiac regions such as cranial medial ventricular ganglionated plexus
that exerts predominant influence on ventricular contractility(21). Ganglionated plexi can
result in atrioventricular block or can be atrial fibrillation and most have effects on
ventricular mechanical function and electrophysiology. ICNS play role in overall
coordination of cardiac function. As a result of LCN mediating intra and interganglionic
interactions they shared efferent inputs, and convergent and divergent afferent inputs. The
control of the heart by the cardiac autonomic nervous system can be divided into three levels.
Level one consists of neurons in the medulla oblongata and spinal cord which are controlled
by higher cortical neurons in the central nervous system. Levels two and three are located
in the periphery.Level two includes the intrathoracic extracardiac ganglia and third is
ICNS. Cardiac nervous system plays an important role in atrial and ventricular arrhythmias

(22).
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Fig.1 -Model of the hierarchical control of the heart by the cardiac autonomic nervous

system.

Cardiomyocytes and coronary arteries are regulated by efferent neurons and circulating
hormones and efferent neuronal outputs of the heart depend on both preganglionic and
postganglionic neurons. The sympathetic branch includes the presympathetic efferent neurons
in the brainstem, which project to the preganglionic neurons in the spinal cord which theen turn
synapse with the postganglionic sympathetic neurons in the location of intrathoracic ganglia
(22). The sympathetic and parasympathetic nervous systems exert antagonistic effects on the
hear.In addition to the parasympathetic efferent and sensory afferent neurons, moreover this
can be found in population of interneurons in the cardiac ganglia. The axons of these cells may
remain in their respective ganglion or emigrate to another ganglion. This arrangement has been

found in most species, including the dog (23) and rabbit (24).
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Extrinsic and intrinsic cardiac nerves receive a smaller contribution from the right cardiac
neural crest than from the left cardiac neural crest. The right cardiac neural crest at the level of
somite one seeds only the cranial portion of the vagus nerve and the ventral cardiac plexus. In
addition, the nonsegmented overlapping neural crest from S1 to S3 contributes to the Schwann
cells of the cranial and recurrent nerves and the intrinsic cardiac plexus. The predominant
neural subpopulation showes AChE activity, throughout the endocardium, myocardium, and
epicardium of the porcine heart. A large proportion of the nerves in the ganglionated plexus of
the atrial epicardial tissue showed AChE activity, along with their cell bodies. Endocardial TH
- and NPY-immunoreactive nerves also showed a density gradient from right to left, whereas
in epicardial tissues they showed a ventricular to atrial gradient (25).Rat’s heart Cholinergic
innervation was studied using various cholinergic markers such as AChE, VAChT, peripheral-
type choline acetyltransferase (pChAT), and the conventional form of ChAT (cChAT). The
density of pChAT-positive fibers was very high in the conduction system, high in both atria,
especially the right atrium, and lower part of ventricular walls. pChAT and VAChT
immunoreactivities were closely associated in some fibers and fiber bundles in the ventricular
walls (26). Yasuhara and his colleagues indicate that intrinsic cardiac neurons homogeneously
express both pChAT and cChAT, and the innervation of ventricular walls by pChAT- and
VAChT-positive fibers provides morphological evidence for a significant role of cholinergic

mechanisms in ventricular functions (26).
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8.3 Structure of stellate ganglion

The cervicothoracic (stellate) ganglion much larger than middle cervical ganglion and
irregular by shape. This ganglion formed by fusion of lower two cervical ganglia and first
thoracic segmental ganglia. Might including second or even third of fourth of thoracic ganglia
(27).

Few cases shows that the first thoracic ganglion might be separate, leaving an inferior
cervical ganglion above it. Back to discussion about sympathetic trunk it turns backwards at
the junction of neck and thorax in this way the long axis of cervicothoracic ganglion becomes
almost anteroposterior. In relation to neck and first rib the ganglion lies laterally to the lateral
border of longus colli between base of seventh cervical transvers process and those to structures
and vertebral vessels being anterior. Below it separated from posterior aspect of cervical pleura
by suprapleural membrane.In the locationof Costocervical trunk branches near the lower pole

lateral there is a superior intercostal artery (27).

Sympathetic trunk

Transverse process, C.6

Seventh cervical
anterior ramus

Phrenic

Vertebral branch—§

Inferior cervical
ganglion
Inferior thyroid
artery’

Inferior

Eighth cervical

anterior ramus Right common

carotid artery

Cervical pleura

Right subclavian Internal Vertebral artery, cut
artery thoracic artery

Fig.2 - Anterior view of vertebral artery and part of cervical ganglion(27).
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Grey rami communicate till seventh cervical spinal nerve vary from one to five spinal cervical
and its cardiac branch descends behind subclavian artery and along trachea all the way till deep
cardiac plexus.

The vertebral plexus is derived mainly from large branch to cervicothoracic ganglion and Ansa
subclavian. Preganglionic fibres from head and neck emerge from spinal cord on the five upper
thoracic spinal nerve and ascends by sympathetic to synapse mainly in cervical ganglion (27).
Morphologically the stellate ganglia can be divided into three broad categories: fusiform-round,
fusiform-oblong, and bilobed.fusiform ganglia, C8 and T1 are completely fused, causing the
two ganglia to be indistinguishable.However,as the names suggest,round-shaped ganglia have
a spherical appearance, whereas elongated ganglia appear finger-like. Bilobed SG are two
adjacent ganglia (superior-inferior) connected by a peduncle.The distribution of these
morphological categories was different on the left and right sides.Fusiform-rounded, fusiform-
elongated, and bilobed morphologies were identified in LSG, respectively.No fusiform-round
morphology was detected in RSG, but fusiform-elongated and bilobed morphologies were
identified in RSG.

Histologic analyses were performed to determine the distribution of somata within the
different SG morphologies and to support the morphologic categorizations defined on the basis
of assessment of the gross appearance of SG. The distribution of neuronal cell bodies within
the SG is consistent with the gross morphological classifications. In fusiform-round and
fusiform-elongated ganglia, neuronal somata were distributed throughout the ganglia,whereas
bilobed ganglia had two neuronal somata populations connected by a stalk(28).

One of the methods that have chosen to investigate and study about stellate ganglion
is immunohistochemistry by which small intensity florescent (SIF) cells and SIF cells
associated nerve fiber in rat ganglion. Double-Labelling immunofluorescence was applying on

small section of superior cervical ganglia of a rat and the intention is to evaluate neurochemistry
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structure and changes in structures like neurons , whole ganglia and fiber density and
localization. Large number of CGRP-IR has been showed strongly fluorescent varicose nerve
fiber a big number like this also been found in SG where unevenly distributed in ganglion with
regional preferences, they were mainly seen between or around principal neurons or close to
ganglionic blood vessels. NOS prevenances in sympathetic trunk is only in upper cervical node
they found as a single body of NOS-IR neurons, Thos fibers are cholinergic (30 ,31). Its
Features are sympthoinhibial effect in case of various diseases like Hypertension, chronic heart
failure and chronic renal failure(30).The sympathoexiciative effect increase by present of heart
failure caused by salt diet and decrees by activity of glutamate and In presence of hypertension
NOS increase parasympathetic activity(30). ChAT prevalence in sympathetic trunk is
abundantly dispersed the fibers of the nodes and has single fibers In stellate dens ChAT-IR
fibers form pericellular baskets by longitudinal fibers. ChAT-IR neural bodies in stellate

ganglion are abundant in upper cervical node and they will appear as a single ganglion (31).

CGRP prevalence in sympathetic trunk: rat nodes contain single cholinergic neurons
whose bodies are CGRP-IR.Those fibers are abundant baskets around bodies of main neurons
of stellate node.CGRP-IR fibers believed to be preganglionic sympathetic(31).CGRP are
vasodilator for hypertension , migraine and CD (32).In case of hypertension the is massive
decreasing in amount of CGRP in dorsal nodes of Dahl rats this indicates the association of
latter excretion of CGRP, norepinephrine inhibits excretion of CGRP (33).The Last correlation
will be between CGRP and ChAT, by the help of literature there was been found a partial
overlap between them(31).Maturation of the neurotransmitter set in the rat stellate ganglion
was complete by the end of the second month of life. Previous studies about stellate ganglion
have been discover that cells have significantly greater total dendritic length than stellate
ganglion cells in the WKY rat. This increase in total dendritic length is restricted to the

hypertensive phenotype, as it is not seen in the WKHA rat. The hypertrophied sympathetic
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ganglion cells may be related to the hypertrophy of the smooth muscle component of the blood
vessels in the hypertensive phenotype.hypertension may result in more trophic factor being
available to the ganglion cells, which in turn leads to greater dendritic arborization.
Paravertebral ganglia of the rat, cat, guinea pig, and human have been shown cell bodies
immunoreactive for CGRP, numerous CGRP-IR nerve fibers were seen in the ganglion. Data
about rat upper cervical ganglion have shown that CGRP-IR nerve fibers may have both
sensory and preganglionic sympathetic origins. Nerve fibers immunoreactive for SP also have
been found in SG the cat,rat, guinea pig, and human. SP -positive nerve fibers were found in
different parts of the pig SG and their appearance and distribution pattern were similar to SG
other animal species (34). Age-related changes in the stellate ganglion can contribute to the
development of hypertension in older adults. These changes can include alterations in the
number and function of sympathetic neurons, as well as changes in the activity of the renin-

angiotensin-aldosterone system.

Older patients have an increase in sympathetic activity and reduced baroreflex
sensitivity in stellate ganglion in hypertension state compared to normotensive controls (35).
Hypertensive patients also have an increase oxidative stress and inflammation in stellate
ganglion, this may contribute to sympathetic dysfunction (36). Rats have been commonly used
as an animal model for studying hypertension and its effects on the stellate ganglion (SG). The
SG is a cluster of neurons located in the cervical region of the spinal cord, which plays a key
role in the regulation of sympathetic nervous system activity. Hypertension in rats is associated
with increased activity in the SG, which leads to elevated sympathetic tone and peripheral

vascular resistance, contributing to the development and maintenance of hypertension (35,37).

The processes driving alterations in the SG in response to hypertension are examined

through changes in the structure and function of the SG in hypertensive rats. For instance, it is
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possible to assess the effects of pharmaceuticals or dietary modifications on blood pressure

control and the SG to identify prospective therapeutic targets for hypertension (39).
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9.RESEARCH METHODOLOGY AND METHODS

Material

WKY and SHR has been taken to the lab the before euthanasia the blood pressure was
measured as a control for hypertension, following animal sedation, heart rate, systolic
blood pressure and diastolic as well were measured too. after euthanasia the hearts were
dissected and specimen that were collected were analyzed at electron microscope. Each
measurement was performed two times and the median value was used. All
measurements were performed by the same investigator in a quiet and controlled

environment.

Methods

9.1 Rats preparations

Mean arterial pressure was calculated by the following equation: DBP + 1/3 (SBP-
DBP) in which DBP means the diastolic blood pressure, and SBP — the systolic blood
pressure before the experiment. Measurements were performed on ganglia SHR and
WKY .criteria for separation at least two neuronal bodies between adjacent ganglia
along all borders. Section tissue preparation were When preparation of the superior
cervical and superior thoracic ganglia. Was sufficiently thin due to the removal of the
ganglionic tissues, the preparation. To decrease a background fluorescence in laser
scanning microscope examination, tissues were dehydrated and cleared using a

dimethyl sulfoxide and hydrogen peroxide solution.,
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9.2 Immunohistochemistry

Tissues were sectioned into 18 pm slices using a cryomicrotome then mounted onto
Superfrost Plus microscope slides and finally each of prepared slides imaged using x10
for tile-scene panoramas x20 for neural stracture.Electron microgram was been used

and analyzed with AxioVision software suit.

9.3 Microscopic Examinations and Measurements

The number of neurons inside of superior cervical and superior thoracic ganglion on
the rats preparations was estimated in the 0.3-0.5 micron-thick optical sections
.counting While counting the exclusively nerve cells that contained well visible nuclei
and clear soma . The measurements of long and short axis of neurons, was also
measured using special measuring module of AxioVision software.

In order to assess the relationship between the ganglion areas and the number of neurons
residing within them and, thereby, to approximate the total number of stellate ganglion,
the ganglion area was measured on images taken at 20x or 10x magnifications using a

special module installed with AxioVision software.

25



9.4 Statistical Analysis

Statistical analysis was made by collecting Data are presented as absolute numbers (n),
percentages (%), mean (M), and standard error (+SE). Statistical analysis was done
using IBM SPSS 20.0 software.

Significance was accepted at p<0.05
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10. RESULTS

10.1Morphology of the cervicothoracic ganglion

Cervicothoracic ganglia are a large ganglion which were be found as parts of the cervical
sympathetic trunk and are formed by the union of inferior cervical ganglion with the first
thoracic ganglion. In the present study we investigated the serial sections from WKY group (n
= 6 animals) and SHR group (n = 6 animals) by the aid of the immunohistochemistry using
TH, ChAT, NOSn, CGRP markers.

The TH marker was used for examination of the ganglion neurons. TH immunoreactivity was
seen in all counted neuronal somata of the stellate ganglia from both groups, indicating that
these neurons use noradrenaline as their main primary neurotransmitter. Immunoreactivity
appeared as an even cytoplasmic stain, with the nucleus left unstained. There was considerable
variability in the intensity of the stain in individual neurons. The area of neurons in stellate
gamgila in both WKY and SHT rats were without a significant changes and same about the
density of the cell. TH positive fiber were distributed through all ganglia forming pericellular
baskets around neuronal somata and between neurons in both groups, but in WKY rats we
found that fiber density was statistically significant greater compared to SHR rats (p<0.05).
ChAT immunoreactivity was also observed in terminal fibers ganglion neurons, varicose
ChAT-immunoreactive terminals were observed and appeared to contact some neuronal
somata. These terminals, Immunoreactivity for NOS was not observed in neuronal somata,
however it was present just in fibers coursing through nerve trunks. There it were the numerous
NOS immunoreactive fibers coursing parallel to the long axis of ganglion in both rat groups.
The density of NOS positive fibers was similar to density of TH and ChAT positive fibers in
WKY group, but it was statistically significant larger in WKY group than in the SHR group
(p<0.05).
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FIGURE 3. Immunofluorescent images taken from normotensive rats from cervicothoracic
ganglion shows the 2 markers for each ganglionic area in 10X magnification. TH positive
marker stain for neurons and in the red channel neurotransmitters CGRP ChAT and NOS.
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FIGURE 4. Immonoflurescent images were taken from hypertensive rats from
cervicothoracic ganglion and its shows 3 individual ganglia with TH positive marker for in

10X magnification . TH positive marker stain for neurons and red channel neurotransmitters
CGRP ChAT and NOS.
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10.2 Differences between superior cervical ganglia and superior thoracic
ganglia

Superior cervical ganglion (SCG) located in neck region and responsible for regulation of blood
pressure, heart rate, respiration. Superior thoracic ganglia located in the chest area and primary
controls blood vessels and sear glandes of upper extremities. The Rat preparation
immunolabeled for both SHR and WKY we were concentrated on morphological finding of
number and size of the cells in ganglia in correlation to pathological changes in hypertension
state. Immunohistochemical method of staining has been used on 2 groups that were compose
of 3 rats per group and morphological structure that have been measured of the ganglion is
neuronal number and density. Number of neurons that are TH positive in superior and cervical
ganglia and it shows that there is significant change between number of neurons in SCG and
STG in both hypertensive and non-hypertensive rats by p-values of 0.03 meaning is that the
difference between both ganglia is about 3%and the density is superior cervical ganglia is much
higher .Next , The area a neurons in micromm?2 between both ganglia shows a p-value of 0.01
indicated about greater number of neuronal area in SCG. The density of ganglia as well was
greater in SCG compared to STG and this seen hypertensive rats the number was p-values of
0.03. Meaning that the neuronal number is much higher in superior cervical ganglia compare
to superior thoracic in normotensive rats, in hypertensive rats the neuronal number between
superior cervical to superior thoracic is without a significant difference. Summary statistics of
the overall sample and its two ganglia’s (SCG and STQ) are presented in Table 1.

Parameter Superior cervical ganglion Cervicothoracic ganglion
N Mean Std. Error Mean N Mean Std. Error Mean
Normotensive rats (WKY)
Number of neurons in measured area 9 2177 0.86 9 29.66 3.1
Density of ganglion (neurons/ mm2) 9 486.47 46.08 9 448.98 48.19
Area of neuron (microm?2) 61 548.37 27.44 78 530.03 40.76
Hypertensive rats (SHR)
Number of neurons in measured area 3 B2 2.40 9 26.44 273
Density of ganglion (neurons/ mm2) 9 519.95 33.70 9 411.83 29.06
63 563.30 23.08 75 469.72 23.68

Area of neuron (microm2)

P-value

0.02
0.58
0.72

0.38

0.02
0.005

* — statistically significant difference between superior cervical ganglion and cervicothoracic ganglion, p<0.05.

Table 1: Morphological differences between superior cervical ganglia and superior thoracic
ganglia in spontaneously hypertensive (SHT) and Wistar-Kyoto (WKY) rats.
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10.3 Distribution and density of fiber in normotensive and hypertensive
rats

In the present study we compared fiber density and distribution of normotensive and
hypertensive rats.

CGREP fibers are type of sensory nerve fibers involved in transmission of pain signals. NOS
fibers involves in regulation of blood pressure and vascular tone. ChAT involved in production
of enzyme Ach and plays important role in autonomic function. It has been found that the
density of these 3 types of nerve fibers is generally greater in normotensive rats than in
hypertensive rats. The thinly myelinated nerve fibers were found in examined nerve expressed
as percentage from total number of selected measured area were most obvious and numerous
fibers were found in WKY rats rather than SHR rats. And that indicated by area fraction more
than 20% for CGRP ChAT and NOS. Meanwhile in hypertensive rats the nerve fiber area
fraction was just between 5% to 10%. Indicate that fibers occupied small area in total measure
area. By this number we confirm that the change in density of fibers will decrease in
hypertensive rats and will be mor distributed in normotensive rats.

40
B Normotensive rat (WKY)
B Hypertensive rat (SHR)
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Graph 1: Distribution of neurotramitters within cervicothoracic ganglion of examined SHT
and WKY rats. Vertical lines on the bars indicate the limits of standard errors.
*Mean the significant difference between SHR and WKY groups p<0.05.
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11. DISCCUSSION OF THE RESULTS

Hypertensive rats are commonly used to model congestive heart failure (CHF) as they exhibit
cardiac hypertrophy and other pathological changes like fibrosis due to hypertension.
Hypertension can have a significant impact on the stellate ganglion, leading to an increase in
sympathetic nerve activity and structural changes in the ganglion. These effects can contribute
to the development of cardiovascular problems and other complications associated with
hypertension. Therefore, it is essential to manage hypertension effectively through lifestyle
changes and medication to reduce the risk of damage to the stellate ganglion. The present
research defines the structural changes of cervicothoracic ganglia (stellate ganglia) caused by
uncontrolled arterial hypertension in old spontaneously hypertensive rats (SHR) in comparison
with age-matched Wistar-Kyoto (WKY) rats. The method that has been used is
immunohistochemistry and transmission electron microscopy. The result of the present study
shows that arterial hypertension leads to non-significant changes in neuronal body area, and
neuronal number. Lack of significant differences in neuronal size and number between
hypertensive and non-hypertensive rats could be influenced by a variety of factors, small
samples, the severity, and duration of hypertension. It is possible that the lack of significant
differences in neuronal size and number between hypertensive and non-hypertensive rats could
be due to compensatory mechanisms that maintain neuronal structure and function in
progression of chronic hypertension.

Studies observed this tendency in aged animals individuals. In case of degenerative disease
like diabetes mellitus and ischemic heart disease studies have shown that hypertension can
cause structural changes in the ganglion. These changes include an increase in the size of the

ganglion and an increase in the number of sympathetic neurons within the ganglion. (40).

In addition to structural changes, hypertension can also cause functional changes in the stellate
ganglion. Hypertension can alter the firing properties of stellate ganglion neurons, leading to
an increase in their firing frequency. Sympathetic nervous system may undergo adaptive
changes in response to chronic hypertension, such as increased neuronal activity and expression
of certain neurotransmitters and receptors, that could help maintain sympathetic output and
blood pressure regulation despite the presence of hypertension. Not enough information has

been provided so more research is needed to better understand the mechanisms underlying the
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relationship between hypertension and neuronal morphology and function in the sympathetic

ganglia.

In the present study, TH marker was investigated in the stellate ganglia, it was found that both
WKY and SHR rats showed many TH-positive and few ChAT-positive neurons in stellate
ganglia. In the present study we discover that decrease in the density of the neurotransmitters
nitric oxide synthase (NOS) and calcitonin gene-related peptide (CGRP) in the stellate ganglia
(STG) of rats with hypertension because of several mechanisms that are altered in hypertension.
Firstly, hypertension is associated with increased sympathetic activity which can lead to
gradual reduction in blood flow and ischemia in the STG. This reduced blood flow leads to
decrease in delivery of oxygen to the neurons in the STG, resulting in decreased synthesis and
release of neurotransmitters in this case will be NOS and CGRP and ChAT. Secondly,
hypertension is also associated with increased oxidative stress and inflammation which can
damage neurons in the STG and cause impair in function. Oxidative stress and inflammation
can lead to decreased expression of enzymes responsible for the synthesis of neurotransmitters
in our research we focused on NOS ChAT and CGRP and decreased release of
neurotransmitters due to impaired vesicular transport will also occur due to those changes.
Thirdly, hypertension can also lead to alterations in the expression and activity of signaling
pathways and transcription factors that regulate the expression of NOS CGRP and ChAT. The
decreased density of NOS and CGRP and ChAT in the STG of rats with hypertension is likely
due to a combination of this three very important mechanical changes presented as reduced
blood flow, increased oxidative stress and inflammation process , and alterations in signaling
pathways and transcription factors in previous studies of Kanazawa and Deng the density of
the network of TH fibers and the number of bodies of adrenergic neurons decreased due to
Possible combinations of antibodies and justification: TH and CGRP, because in the literature
we found that CGRP-IR fibers in the sympathetic node can be sympathetic preganglionic, and
NA inhibits the excretion of CGRP TH and ChAT, Ach increase the excretion of NA, and with
the development of heart failure, the number of cholinergic neurons in the stellar one increases
due to compensatory mechanisms and the number of adrenergic neurons decreases. Further
research is needed to fully understand the underlying mechanisms and their implications for

sympathetic nervous system function in hypertension.
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ChAT is an enzyme responsible for the synthesis of acetylcholine that play a critical

role in regulation of sympathetic tone. Ach binds to n-choline receptors and in this way
stimulates the release of noradrenaline from the adrenergic neurons of sympathetic ganglia
(41). In hypertension, there may be alterations in the expression or activity of ChAT in the
stellate ganglia (STG) of rats. Decreased ChAT activity or expression in the STG of
hypertensive rats. One proposed mechanism for this decrease is increased oxidative stress and
inflammation which can impair the activity of ChAT and decrease the synthesis of
acetylcholine. Additionally, hypertension leads to structural and functional changes in the
ganglia examples will be reduced blood flow and ischemia, that also may contribute to
decreased ChAT expression and activity. On the other hand other studies have reported
increased ChAT expression or activity in the STG of hypertensive rats, which could be a
compensatory mechanism to counteract the increased sympathetic activity in hypertension
state. Overall, the relationship between ChAT and hypertension in the STG is complex and not
well understood and further research is needed to elucidate the mechanisms underlying changes
in ChAT in hypertension and their implications for sympathetic nervous system function.
Richardson with a co-workers found NOS colocolised with ChAT in neuron somata.we didn’t
investigate this colocalization because we didn’t found NOS positive neuronal somata(42).
There is interesting finding that it has been discovered by Neringa Pauziene with co-workers
and this report shows increases in ganglion area in atrial ganglia, the neuronal body number
per ganglion This tendency is not to main findings in the present study, demonstrating no
significant changes in neuron number and size in both groups(43). Continue with Neringa
Pauziene research both the increase of fiber density in atrial ganglia and the increase of the
myelinated nerve fiber area and the density of ganglionic cells in the SHR rats contradict to the
results of the present study (43). The results of the present study differ because fiber density
of CGRP ChAT and NOS were greater in WKY rats compare to SHR group.
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12.CONCLUSIONS

Areas on neuronal somata are without changes in both groups SHR and WKY. The
density of neurons is similar in both groups. The greater number of neuronal areas is in
superior cervical ganglia compering to stellate ganglion in SHR. The density of neurons
in ganglia was greater in SCG compared to STG in SHR rats. In hypertensive rats the
neuronal number between superior cervical to superior thoracic is without a significant
difference.

There are no immunohistochemical changes in neurons of superior cervical and stellate
ganglia both groups SHR and WKY.

In superior cervical and stellate ganglia, there are a significant difference in the density
of fibers between normotensive and hypertensive rats. The density of ChAT, CGRP,
and NOS positive fibers are much greater in normotensive rats compared to
hypertensive rats.
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13.PRACTICAL RECOMMENDATION

Stellate ganglion plays an important role in regulating sympathetic nervous system
activity, which can be detected in hypertension cases. Therefore, interventions that
target the stellate ganglion could be a promising approach for the treatment of
hypertension. Potential interventions to consider can include pharmacological agents,
neuromodulation techniques, and lifestyle modifications like exercise and dietary
changes.

Monitor stellate ganglion activity in patients with hypertension: Given the association
between hypertension and increased activity in the stellate ganglion, monitoring stellate
ganglion activity could be a useful tool for assessing the severity of hypertension and
the quality of treatments. Techniques such as electrocardiography and ultrasound can
be used to measure stellate ganglion activity in non-invasively way.

While research has shown that hypertension is associated with changes in the structure
and function of the stellate ganglion, further research is needed to well understand the
mechanisms. Investigating the mechanisms could lead to the identification of
therapeutic targets and a better understanding of the pathophysiology and impact of
hypertension.
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