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Neuroanatomical Basis of Dementia

Dementia is an umbrella term used for the loss of memory,
thinking, and reasoning to such an extent that it interferes
with a person’s daily life and activities.

The common symptoms of dementia include:

* Memory problem, particularly in remembering recent
events

* Increasing confusion

* Reduced concentration

* Personality and behavior changes

» Apathy and withdrawal or depression

* Loss of ability to do everyday tasks

» Struggling to follow conversation or find right word.

A little knowledge of learning, memory, and associated
parts of the brain is essential to understand dementia better.

Learning is an acquisition of new facts while memory is
the storage and recall of these facts.

Types of Memory

The memory is of two types as under:!!

a. Short-term memory: Here, the information of new facts
is stored only for a few seconds to a few minutes. It is
readily available up to 30 s

b. Long-term memory: It stores the memory for a longer
period. Here, the information from short-term memory
is stored or consolidated in the brain. Thus, long-term
memory can hold an unlimited amount of memory and
one can remember the events that have happened a long
time ago.

The short-term memory formed in the hippocampus
and later gets stabilized in the long-term memory in fast
learning hippocampus and also slow in learning neocortex.

Loss of memory is called amnesia. One often confuses
amnesia with dementia; hence, it is essential to know
the difference between amnesia and dementia as given
below.

The amnesia is simply a memory loss while dementia
in addition to the memory loss (i.e. amnesia) has some
other associated cognitive problems, namely thinking and
reasoning, which effect a person’s ability to carry out the
daily activities.

There are two types of amnesia:

a. Retrograde amnesia (RA), one cannot recall memories
from his past, i.e., before the onset of amnesia.
However, he can form new memories, i.e., he can
remember new information

b. In anterograde amnesia (AA), one cannot form new
memories. However, he/she can still remember events/
things of past before the onset of amnesia.

Regions of the Brain Involved in Amnesia

Regions of the brain involved in RA are structures
forming the hippocampal complex/formation consisting
of  amygdala, hippocampus, parahippocampus,
entorhinal cortex, etc., present in the medical temporal
lobe. Damage to the hippocampus only causes little or
no effect on RA

* Regions of the brain involved in AA are the
hippocampus, mamillary bodies, and fornix, but the
hippocampus seems to play a key role in AA.

Etiology

Dementia is not a single disease but a disease complex
caused by various diseases. Hence, its etiology varies
according to the disease that causes it and classified
accordingly.”

Classification

Dementia is classified into the following types:
* Alzheimer’s dementia (60%—80%)
» Vascular dementia (15%-20%)
* Dementia with Lewy bodies (10%—15%)
* Fronto — temporal dementia
*  Mixed dementia
* Rare types of dementia.
* Hutington’s dementia
» Parkinson’s dementia
* Normal pressure hydrocephalus (NPH) etc.

Causes of Various Types of Dementia
Alzheimer’s dementia

It is the most common type and is responsible for
60%—-80% cases of dementia. The Alzheimer’s disease is
a neurodegenerative disease caused by the deposition of
3-Amyloid plaques in and around synapses and the deposition
of neurofibrillary tangles made up of tau protein in the nerve
cell bodies, especially in the region of the hippocampus.

Vascular dementia

It is the second most common cause and responsible for
15%—-20% of cases.

It is caused by the reduced blood supply to the brain
leading to the damage and eventually to the death of brain
cells due to lack of oxygen supply.

The reduced blood supply occurs due to:

» Narrowing and blockages of small blood vessels inside
the brain

* A single big stroke which cuts off blood supply to the
part of the brain
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* Lot of mini-strokes, which cause tiny but widespread
damage to the brain.

The areas commonly affected by vascular ischemia
are arterial border zones, pyramidal cells in the
hippocampus (CAL1 area) etc.

Dementia with Lewy Bodies

It occurs due to buildup of proteins called Lewy bodies.
The Lewy bodies are the tiny clumps of alpha-synuclein
and ubiquitin proteins present as inclusion bodies within
the nerve cell bodies and killing them. The Lewy bodies
are mainly seen in limbic system and cerebral cortex.
These proteins are also associated with Parkison’s disease,
in which DLB occurs very late.

Fronto-temporal dementia

This occurs due to abnormal clumping of tau and TDP-43
proteins in the neurons of frontal and temporal lobes, which
not only damage but eventually kills the nerve cells. This
ultimately leads to brain shrinkage. The frontotemporal
dementia is one of the most common dementias which
strike young people.

Mixed dementia

In this, the person suffers from more than one type of
dementias at a time. For example, vascular dementia and
Alzheimer’s disease often occur together.

Rare types of dementia

These include a number of diseases, namely Hutington’s
disease, Parkinson’s disease, NPH, etc. In these conditions,
nerve cells across the brain break down over time. As a
result, the person does not develop amnesia but cognitive
decline.

Risk Factors

The risk factors responsible for dementia include:! Age
(strongest risk factor as dementia mostly effects people of
65 years and older), hypertension, depression, excessive
smoking and alcohol intake, atherosclerosis, mild cognitive
impairment, family history, diabetes, and high level of
low-density lipoprotein, etc.

Treatment

The various modes of treatment are as under

*  Medication - by giving cognitive-enhancing drugs,
namely acetylcholinesterase inhibitors, etc.
*  Rehabilitation - by various therapies, namely cognitive

therapy, physiotherapy, occupational therapy, and
psychological therapies
» Life style changes - such as increasing physical

activities, eating a healthy diet, quitting cigarette
smoking, and excessive drinking.
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Aberrant Origin of Left Vertebral Artery — Multidetector Computed

Tomography Study

Abstract

Background: The vertebral arteries originating from respective subclavian arteries are the major
source of oxygenated blood to posterior cerebral circulation and supply the upper spinal cord, brain
stem, cerebellum, and occipital lobes of the cerebrum. Paucity of radiological studies prompted us
to undertake this study which aims to analyze the variations in origin of left vertebral artery (LVA).
Materials and Methods: This is a retrospective cross-sectional study of contrast-enhanced computed
tomography chest scans of 710 subjects retrieved from the archives of a single imaging center.
Observations and Discussion: Normal origin of LVA from the left subclavian artery (LSA) in the
root of the neck was noted in 90.56% and variant origin in 9.44% of cases. Four-branched aortic
arch (AA) with direct AA origin of LVA was observed in 6.76% of cases. An atypical three-branched
pattern with LVA origin between the bovine trunk (common trunk of brachiocephalic trunk [BCT]
and left common carotid artery [LCCA]) and LSA was seen in 0.84% of cases. Common origin of
both LVA and LSA from a vertebro-subclavian trunk (VST) is found in 0.98% of cases. LVA as the
last branch of arch distal to LSA and LVA of arch origin associated with aberrant right subclavian
artery were noted in 0.14% of cases each. A rare but important observation is the presence of two
common trunks (bovine trunk (BCT + LCCA) and VST (LVA + LSA) in an atypical two-branched
fashion found in 0.56%. Conclusion: Critical knowledge of variations of the origin of LVA is
clinically relevant as such variations are more prone to vascular pathologies. Variations of the LVA
are thought to alter cerebral hemodynamics and can produce cerebral dysfunction. Preprocedural
knowledge of such variations aids in the successful accomplishment of catheterization of LVA and
avoids complications during neuroradiological interventions and surgical procedures.

Keywords: Aberrant left vertebral artery, aortic arch origin, contrast-enhanced computed
tomography, vertebro-subclavian trunk

the aortic arch (AA) origin of LVA after
studying 15,848 cases from 35 studies.

Introduction

The vertebral arteries originating from

respective subclavian arteries at the root
of the neck supply 28% of oxygenated
blood to cerebral circulation and supply the
upper spinal cord, brain stem, cerebellum,
and occipital lobes of the cerebrum.!!
Normally, the vertebral arteries arise from
respective subclavian arteries at the root
of the neck medial to scalenus anterior
muscle. Variations in the origin of the
vertebral arteries are common and left
vertebral artery (LVA) variations are more
frequent than right vertebral artery (RVA)
and unilateral variants common than
bilateral.'! A recent meta-analysis included
31 studies and 12,456 left vertebral arteries
and estimated a prevalence of subclavian
origin as 94.1%. The same meta-analysis
also reported a prevalence of 4.81% for

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

Imaging studies analyzing the variations of
AA branching patterns in Indian subjects are
few. After examining the contrast-enhanced
computed tomography (CECT) chest scans
of 1116 patients, Krishnan ez al. reported
that 78.6% of cases had normal branching
pattern of AA and 5.4% of cases exhibited
AA origin of LVA between left common
carotid artery (LCCA) and left subclavian
artery (LSA).”' Another study of 4000
CECT chest scans found the prevalence
of variations of AA as 0.675% (only in
27 cases out of 4000) and found only 1 case
of “bovine origin of LVA from the arch.”?
Variation in the origin and anomalous
proximal course of LVA in the superior
mediastinum is dangerous during surgery
of the mediastinum and lower neck region.
Moreover, it is suggested that the initial
segment of the vertebral artery is more
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prone to atherosclerotic changes, especially close to its
origin. Variations of the LVA are thought to alter cerebral
hemodynamics and can produce cerebral dysfunction.
Preprocedural knowledge of such variations aids in the
successful accomplishment of catheterization of LVA and
avoids complications during neuroradiological interventions
and surgical procedures. Paucity of radiological studies on
Indian subjects has prompted the present study to focus on
the variations in the origin of LVA.

Materials and Methods

Retrospective cross-sectional study of CECT chest scans
of 710 subjects (male 435 and female 275) obtained from
a single imaging center. All subjects were referred to
undergo CECT chest for suspected mediastinal and lung
pathologies. The images were retrieved from the archives
of the imaging center. The imaging center routinely obtains
informed consent from the patients before administration
of the contrast medium. The scans of the patients with
malignancies likely to distort the anatomy of AA, poorly
enhanced scans, and those with thoracic aortic disease were
excluded from the study.

All patients underwent contrast-enhanced multi-detector
CT (MDCT) by a 64-channel scanner (GE Optima 660,
2011, Tokyo, Japan) and received 90-100 mL of nonionic
iohexol contrast (Omnipaque 350 mg I/mL; GE Healthcare,
Shanghai, China) at the rate of 5 mL/s intravenously.
Sections of 0.625 mm thickness were obtained from the
lower part of the neck to the upper part of the abdomen
and analyzed in a separate workstation (GE: AW Volume
share 4.5). After analyzing axial, coronal, and sagittal
scans, volume-rendered and maximum intensity projections
were obtained. We specifically looked for variations in the
origin of the LVA.

Observations

Typical three-branched patterns of the AA with
brachiocephalic ~ trunk  (BCT), LCCA, and Ileft
subclavian (LSA) arteries were seen in 72.95% of cases
and variant branching pattern of the arch was noted in
27.05% of cases. Normal origin of LVA from LSA in the
root of the neck is noted in 90.56% (643/710) and variant
origin in 9.44% (67/710) of cases. Four-branched AA
with direct AA origin of LVA between LCCA and LSA
was observed in 6.76% [48/710; male/female = 33/15;
Figure 1] and this pattern is the second most common
variant branching pattern of the arch of aorta. An atypical
three-branched pattern with LVA origin between the
“brachiocephalicocarotid trunk (the so-called “bovine
trunk,” the common trunk of BCT and LCCA) and
LSA was seen in 0.84% of cases [6/710 cases; male/
female = 6/0; Figure 2]. Common origin of both LVA and
LSA from a vertebro-subclavian trunk (VST) is found in
0.98% of cases [7/710; male/female = 6/1; Figure 3]. LVA
as the last branch of arch distal to LSA [Figure 4] and LVA

Figure 1: Volume rendered image. Direct aortic arch origin of left vertebral
artery between left common carotid artery and left subclavian artery seen
in 48 cases (6.76%; male/female = 33/15)

J common .
¢ TRUNK

Figure 2: Volume rendered image. Direct aortic arch origin between
common trunk (“Bovine trunk” - brachiocephalic trunk + left common
carotid artery) and left subclavian artery seen in 6 cases (0.84%; male/
female = 6/0)

R v AN
Figure 3: Vertebro-subclavian trunk (VST) common trunk of left vertebral
artery (LVA) and left subclavian artery (LSA) seen in 7 cases (0.98%; male/
female 6/1) (a) Volume rendered scan posterior view; (b) Coronal section

of arch origin associated with aberrant right subclavian
artery (ARSA) with a branching sequence of RCCA,
LCCA, LVA, LSA, and ARSA [Figure 5] were noted in
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0.14% of cases each (1/710 each; both cases males). A rare
but important observation is the presence of two common
trunks, brachiocephalicocarotid trunk (BCT + LCCA)
and VST (LVA + LSA) in an atypical two-branched
fashion was found in 0.56% [4/710; male/female + 2/2;
Figures 6 and 7]. Overall, variant origin of LVA was noted
in 6.90% of cases in males (49/710) and 2.54% of cases in
females (18/710).

Discussion
Development

The arch of the aorta and its branches are the derivatives
of six pairs of pharyngeal arch arteries. Normally, the
left third arch artery connected to the left horn of the
aortic sac elongates to form LCCA and the left horn of
the aortic sac itself will form that part of the arch of the
aorta between the origins of BCT and LCCA. The right
horn of the aortic sac will develop into BCT. The common
trunk of origin of BCT and LCCA (the so-called “bovine
trunk”) may be due to the regression or slower growth rate
of the left horn of the aortic sac such that the left third
arch artery (LCCA) gets connected to the right horn of
aortic sac (BCT). Normally, the first part of LVA develops
from the dorsal branch of the left 7% intersegmental artery
which itself forms the LSA and the second part develops
from longitudinal postcostal anastomosis between 6" and
I** intersegmental arteries. Proximal portions of the upper
six intersegmental arteries arising from the dorsal aorta
normally disappear [Figure 8]. Failure of the formation
of the dorsal branch of the seventh and persistence of the
proximal portion of the sixth intersegmental artery results
in AA origin of LVA between the origins of LCCA and
LSA.B) Incorporation of the proximal left 7% intersegmental
artery into the developing arch of the aorta could also result
in LVA originating directly from the AA.[Y The origin of
LVA distal to LSA as the last branch of the arch is due to
the persistence of 8" intersegmental artery. It is suggested
that the persistence of the sixth intersegmental artery and
absorption of a portion of the left fourth arch artery into
the developing LSA could result in the origin of LVA from
the root of LSA, the so-called VST.

Branching pattern variations of AA attracted little attention
in radiological literature because many of these variants are
isolated and remain asymptomatic. Increased application of
several surgical and endovascular interventional procedures
has revived interest in the study of variations of the AA
branching pattern. Normal three-branched AA with the
sequence of BCT, LCCA, and LSA is reported to occur
in 64.9%94.3% of the population by some systematic
reviews.”” The most common variation reported is
two-branched pattern with a “brachiocephalico-carotid
trunk” (common trunk of BCT and LCCA, the so-called
“bovine trunk” a misnomer) and LSA with a prevalence
of 2.6%27.4%!12 The recent meta-analysis reported
a prevalence of 11.95%.7 The second most common

COMMON
TRUNK

Figure 4: Volume rendered image. Direct aortic arch origin of left
vertebral artery distal to left subclavian artery as last branch seen in
1 case (0.14%-male/female = 1/0)

Figure 5: Axial scan showing 5 branches from arch in order from right to
left — 1-RCCA; 2-Left common carotid artery; 3-Left vertebral artery; 4-Left
subclavian artery and 5- aberrant right subclavian artery (ARSA). Note the
retroesophageal course of ARSA seen in 1 case (0.14%)
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Figure 6: Volume rendered image. Two common trunks. Vertebro-subclavian
trunk gives off left vertebral artery and left subclavian artery. Common
trunk (“Bovine trunk”) gives off left common carotid artery and
brachiocephalic trunk seen in 4 cases (0.56%; male/female = 2/2)

Journal of the Anatomical Society of India | Volume 73 | Issue 3 | July-September 2024 201



Sharma, et al.: Aberrant left vertebral artery

variation observed is the direct AA origin of LVA between
the origins of LCCA and LSA with a prevalence of 6.76%
in the present study, 3.66% by Tsiouris et al. 2.9% by
Popieluszko et al.®! 5.4% by Krishnan et al.?! and 4.1%
by Uchino et al.l¥ AA origin of LVA along with “bovine
trunk” (BCT + LCCA trunk) was noted in 0.84% of cases
in the present study and 0.31% by Tsiouris et al.," 0.4%
by Popieluszko et al.®

Yuan collected data on the aberrant origin of vertebral
arteries from 214 articles with 1286 cases (955 patients and
331 cadavers) and found single aberrant origin of LVA in
1056 out of 1233 cases.”! It was also observed that there
were more left than right and more unilateral than bilateral
aberrant vertebral arteries. Analyzing MDCT images of 830
Indian patients, Sankhe et al.'¥ observed LVA of AA origin
in 26 patients (3.1%). They also observed a five-branched
arch in 1 case (0.12%) with a sequence of RCCA, LCCA,

Figure 7: (a-d) Serial axial scans in a caudal to cranial direction showing two
common trunks (a and b) 1-Brachiocephalicocarotid trunk (“bovine trunk”)
and 2-Vertebrosubclavian trunk (c) 3-Brachiocephalic trunk; 4-Left common
carotid artery; 5-Left subclavian artery giving off left vertebral artery (d)
4-Left common carotid artery; 5-Left subclavian artery; 6-Right common
carotid artery; and 7-Right subclavian artery. LVA: Left vertebral artery

LVA, LSA, and aberrant RSA as the last branch similar to
our observation in 1 case (0.14%). Choi et al.l'> studied CT
angiographic images of 3460 patients and noted AA origin
of LVA between LCCA and LSA in 151 patients (4.36%)
and LVA origin distal to LSA as the last branch in
2 cases (0.06%).

The common trunk of origin of LVA and LSA referred
as VST has been reported sporadically in cadaveric
case reports without any other associated branching
variation.!*!¢!"! The LVA may arise from the root of LSA
immediately above the arch or arise as a branch of LSA
in the superior mediastinum few mm above the arch with
a short course along the left border of the esophagus. The
VST was found in 0.98% of cases in the present study,
0.027% by Tsiouris et al.,/m and 1.6% of cases by Uchino
et al."™ Occurrence of two common trunks from the arch,
“bovine trunk” (common trunk of BCT + LCCA) and
VST (common trunk of LVA + LSA) was very rare and
reported earlier in two cadaveric case reports.['®!7 Recently
another cadaveric case report presented two common
trunks as the bulbous origin from the AA.?Y Anomaly of
two common trunks was reported in 0.005% of cases in the
recent meta-analysis.[”? In the present study, we observed
two common trunks in 0.56% of cases.

Clinical significance

Of the two vertebral arteries, the LVA appears dominant in
nearly half of the cases and is catheterized for investigating
the posterior cerebral circulation. In the presence of
aberrant LVA of AA or VST origin, the transfemoral route
for catheterization is easier technically in comparison to
the transradial route. It was noted that LVA of AA origin
entered the transverse foramen of either C4 or C5 vertebrae
resulting in a longer course through mediastinum and
neck.'¥ Such a long course in front of the lower cervical
vertebrae makes it susceptible to damage in surgical
procedures involving the vertebrae. In contrast to RVA or
LVA of subclavian origin, the LVA of arch origin exhibited

AN
[T}
I L=

el
7
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Figure 8: Development of left vertebral artery (a) Shows normal development of left vertebral artery (LVA) from left subclavian (LSA). Series of intersegmental
arteries (I-VII) arise from dorsal aorta and are interconnected by a vertical postcostal anastomosis. Third (3) and fourth (4) pharyngeal arch arteries are
connected to dorsal aorta. Left fourth arch artery and left dorsal aorta distal to VIl intersegmental artery develop into arch of aorta; left VIl intersegmental
artery form left subclavian. Normal VA (both RVA and LVA) develops from dorsal branch of VIl intersegmental (a) And vertical postcostal anastomosis
between VIl and | intersegmental arteries (b) Roots of origin of | to VI intersegmental arteries disappear. Other parts which disappear during fetal life are
indicated by dotted lines (b) If root of left VI intersegmental artery persists and dorsal branch of VIl does not develop then LVA will arise from aortic arch
between the origins of left common carotid (3 — third pharyngeal arch) and left subclavian (left VIl intersegmental artery) (c) Aortic arch origin of LVA distal
to origin of LSA will develop due to persistence of VIl intersegmental artery. ICA: Internal carotid artery, ECA: External carotid artery
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a higher incidence of arterial dissection.’!! Although the
exact reason for arterial dissection of aberrant LVA remains
to be elucidated, the longer extracranial course makes
it vulnerable to shear stress due to high pressure which
might cause dissection. The presence of two common
trunks, though very rare, has to be kept in mind because
any pathology affecting these vessels leads to severe
cerebrovascular stroke.

Conclusion

Our observations on the aberrant origin of LVA are based
on the examination of chest scans only which limits our
observation to mediastinum. Very careful examination
is essential to delineate the VST because in some cases,
the common trunk may show a bulbous appearance
giving an impression of arch origin of LVA. Variation
in the origin and anomalous proximal course of LVA in
the superior mediastinum is dangerous during surgery
of the mediastinum and lower neck region. Moreover,
it is suggested that LVA is more prone to atherosclerotic
changes, especially close to its origin. Variations of the
LVA are thought to alter cerebral hemodynamics and can
produce cerebral dysfunction. Preprocedural knowledge of
such variations aids in the successful accomplishment of
catheterization of LVA and avoids complications during
neuroradiological interventions and surgical procedures.
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Prevention of Neuronal Damage in Brains of Chronic Stress-induced Male

Wistar Rats Administering Centella asiatica (L) Urban

Abstract

Introduction: Physiological and psychological response of an organism to repetitive stimulus
leads to chronic stress which results in depression. This affects the neuro-endocrine axis causing
hypersecretion of glucocorticoids which damages the hippocampal neurons in brain through oxidative
stress. The body responds by producing Catalase (CAT) an antioxidant found on peroxisomes, which
splits the hydrogen peroxide produced by oxidative stress into water and oxygen which are nontoxic,
thus offering a protective effect. The synaptic function of the hippocampal neurons is dependent
on acetylcholinesterase (AChE) and oxidative stress affects the levels of AChE. The available
anti-depressants have the late onset of action and increased toxicity. Centella asiatica (CA), an herb
with neuroprotective properties, is known as neuro-tonic and has less toxicity and has been used in
ancient traditional medicines. This study aims to examine the neuroprotective effects of crude extract
of CA on hippocampal neurons using Nissls stain and levels of AChE and expression of mRNA
CAT in the brain tissues of chronic unpredictable mild stress (CUMS)-induced male Wistar rats.
Materials and Methods: Thirty-six Male Wistar rats aged 8—10 weeks were held in six groups. One
group assigned as control, whereas the other groups were administered CUMS by various stressors,
namely restrain, forced swimming in cold water, overnight food and water deprivation, wet bedding,
cage tilt at 45°, tail pinching, overcrowding the cages, and change of cage mates randomly for a
period of 64 days. One of the stress-induced groups was retained as model group and others were
administered crude extracts of CA at the doses of 200, 400, 800, and fluoxetine (Flx) 10 mg/kg
body weight. At the end of 64 days, the rats were euthanized and the brain tissue was collected for
Nissls staining of the hippocampus, measure levels of AChE using ELISA and expression of mRNA
CAT levels using RT-PCR. Results: The rats of the model group exhibited reduced number of
viable neurons in the hippocampus as observed in Nissls stain, reduced levels of AChE, and reduced
expression of mRNA CAT in the brain tissue while the rat groups receiving CA showed increase in
the number of viable neurons, increase in level of AChE, and increase in the expression of mRNA
CAT in the brain tissues. The results were comparable to that of Flx. Conclusion: CA effectively
attenuates CUMS-induced neuronal loss in the hippocampus of the rat’s brain, normalizes AChE
levels, and also the expression of mRNA CAT antioxidant levels. CA could be used in the long-term
prevention of chronic stress-induced depression.

Keywords: Catalase, Centella asiatica, chronic stress, fluoxetine, hippocampus, neuronal damage

societal strain. Stress is a phenomenon in
which stressors, including physical and
psychological demands on an individual,
hinder the individual or organism’s ability
to cope with subsequent challenges
effectively.®! The numerous stressors can
be categorized into three types: (a) acute
and chronic, (b) significant and small,
and (c) desirable and undesired. These
categories help to highlight the wvaried
components of stress in life. Chronic stress
is characterized by the ongoing presence
of stressors or the repeated occurrence
of a stressful event.™ Chronic stress is a
significant factor in causing depression.

Introduction

Depression is a pervasive disorder in
humans that is linked to experiencing
stressful  life events. The American
Psychiatric Association defines it as a
condition marked by feelings of sadness,
emptiness, or irritability, as well as physical
and cognitive changes that greatly hinder
a person’s ability to function normally.l!
Depression is a prominent contributor to
disability, impacting almost 280 million
individuals  globally.).  This condition
leads to significant emotional distress,
substantial financial detriment, and notable
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Researchers can subject the rats to chronic unpredictable
mild stress (CUMS) to produce the animal models of
depression.”? Research conducted on both people and
rodents has shown that the hippocampus has a role in the
development and progression of depression. Given the
hippocampus’s role in learning and memory, impairments
in these cognitive functions are a significant characteristic
of depression.l”! Depression leads to hippocampal
atrophy and a decrease in volume, as evidenced by
experiments conducted on rat models of depression. These
experiments have shown that depression causes neuron
loss, neurogenesis inhibition, and retraction of dendritic
processes in the hippocampus. Conversely, successful
treatment of depression in rat models has been found to
promote the growth of new neurons in the hippocampus, a
process known as neurogenesis.”’®! The degree of reduction
in hippocampus volume is correlated with the early onset
and duration of depression. Similar alterations have been
reported in rats exposed to chronic stress, with more
pronounced changes occurring in the dentate gyrus."!

In response to oxidative stress, the body produces
enzymatic and nonenzymatic antioxidants to mitigate its
effects. Superoxide dismutase, an antioxidant, transforms
superoxide anions into hydrogen peroxide, thereby
decreasing the interaction between the superoxide anion
and nitric oxide, resulting in the formation of reactive
peroxynitrite. Catalase (CAT) is an antioxidant enzyme
present in the peroxisomes, and it acts by catalyzing the
process of decomposing hydrogen peroxide into nontoxic
molecules such as water and oxygen.!'” With its high
oxygen demand and lipid-rich composition, the brain is
exposed to significant reactive oxygen species (ROS)
levels. The rise in ROS and the decrease in antioxidant
levels seen in chronic stress render the brain extremely
vulnerable to the effects of oxidative stress.!'!

Acetylcholinesterase (AChE) is an enzyme belonging
to the serine hydrolase family and is highly involved in
transmitting signals throughout the nervous system. It
breaks down acetylcholine (ACh), a necessary cholinergic
neurotransmitter involved in memory.l"”” Prolonged stress
causes changes in the levels of the AChE enzyme. This
was shown in research conducted on Wistar rats housed
in nonstimulating situations.'® Centella asiatica (CA)
belongs to the Apiaceae family in the plant kingdom and
has been traditionally utilized in the Ayurvedic system of
medicine for its therapeutic properties in treating a wide
range of diseases and enhancing memory.'Y This plant
has been widely utilized in traditional herbal treatment in
Malaysia and Ayurveda in India and other regions of Asia.
CA, sometimes called pegaga in Malaysia and gotu kola
or pennywort in the Americas, is commonly consumed
as a food and a beverage.' Ayurveda has used this herb
to treat several chronic ailments, such as anxiety.’] The
extracts derived from pulverized leaves and roots of the
CA plant are utilized to manage cognitive impairment,

dyspepsia, rheumatism, and leprosy. In China, the CA plant
treats scabies, measles, urinary complications, tuberculosis,
jaundice, emesis, and dysentery.[!!

Although modern drugs have made a substantial impact
on improving the quality of life for those with depression,
they still have certain limits. Frequently, the reaction to the
treatment is not entirely foreseeable, and occasionally, the
reaction is only partial. Most medications require many
weeks of use for their therapeutic benefits to become
apparent.l'® The issues with current pharmaceutical agents
are exacerbated by several drug interactions and the lack of
clarity regarding their safety during pregnancy.™ Therefore,
there exists a diverse range of drugs, all of which lack both
effectiveness and safety.

Materials and Methods
Plant extract preparation and chemicals

The CA extract, obtained using ethanol as a solvent, is
procured from the Universiti Teknologi Mara in Malaysia.
The reference number for this is AuRins-MIA-1-0. Using the
ethanolic method, the CA extract was derived from the whole
plant through dehydration and subsequent extraction into a
brown powder.'”! Fluoxetine (Flx) was acquired from Cadila
Pharmaceuticals Ltd, located in Bhat, Ahmedabad, India. The
AChE ELISA kit was obtained from Elabscience USA.

Apparatus

The experimental apparatuses utilized in the study,
consisting of an open field box, an elevated plus maze, a
T-maze, and a transparent cylinder, were constructed at the
Workshop in the Department of Human Anatomy, Faculty
of Medicine and Health Sciences (FMHS), Universiti Putra
Malaysia (UPM).

Animals

Thirty-six male albino Wistar rats, 8-10 weeks old and
weighing 180 and 220 g, were acquired from Bistari
Sdn Bhd, Selangor, Malaysia. They were housed at
Animal House in the FMHS at UPM in a controlled
laboratory environment, including a 12-h cycle of
light and darkness. The lights were illuminated from
0700 to 19.00 h while maintaining a consistent
temperature of 25°C + 2°C. The rats were able to
access food and water freely without any restrictions.
The animals were acclimatized for 1 week. The
Institutional Animal Care and Use Committee (IACUC)
at UPM approved the number of rats utilized and
the study procedures. The project was assigned the
identification code UPM/IACUC/AUP-R078/2018.

Chronic unpredictable mild stress procedure

CUMS was administered to the experimental animals
for 8 weeks through the application of psychosocial
and environmental stressors, as reported in a previous
study.' The rats that were not exposed to CUMS
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were kept in their home cages except for routine
handling and cleaning. The rats exposed to CUMS were
exposed to nine different types of mild stressors (S),
administering a minimum of two stressors per day for a
continuous period of 8 weeks. The study involved several
experimental conditions: S1: food deprivation for 24 h,
S2: water deprivation for 24, S3: swimming in cold
water (temperature of 5°C) for 5 min, S4: change of cage
mates for 12 h, S5: 1 min of tail pinch maintained (pinch
applied at 1 cm from the tip of the tail), S6: Keep cage
tilted at an angle of 45° for 12 h of, S7: Overcrowding
for 12 h, S8: Keep the bedding wet for 12 h, and S9:
apply physical restraint for 4 h. The stressors were
applied randomly during the 1% week, and the same
schedule was maintained during the entire experimental
period, with no stressor administered in succession to
prevent adaptation [Table 1].

Design of the experiment

After acclimatization, the rats were assigned randomly
to six groups, each with six rats (n = 6). Group 1 rats
were not subjected to stress and were given normal saline
and assigned as control. Group 2 rats were administered
only CUMS and were given normal saline assigned
as a model. Group 3 rats were subjected to CUMS
and Flx (10 mg/kg orally). Groups 4, 5, and 6 were
administered CUMS and different doses of CA (200 mg/
kg, 400 mg/kg, and 800 mg/kg orally), respectively.
The dosages were determined using the data from prior
research.®? Flx and CA were administered daily,
30 min before the start of CUMS administration, for
8 weeks, commencing from day 0 of the trial. Behavioral
assessments were performed at midday, beginning in the
9" week of the investigation. The rats were sacrificed
at the end of the experiments, and tissue samples were
collected [Figure 1].

Sample collection and preparation

Following ecuthanization, the rat brains were promptly
extracted and then preserved in 10% formalin for 7 days.
Subsequently, the specimens underwent mechanized tissue
processing and were incorporated into paraffin blocks. The
brain tissues were stored at —80°C to facilitate biochemical
analysis.

Nissl’s staining

The tissue paraffin blocks were used to obtain the
coronal sections with a microtome of 5-6 um thickness.
The portions were immersed in a water bath at 38°C to
facilitate straightening and transferred onto individual
glass slides. The brain tissue sections on the glass slides
were subjected to deparaffinization at a temperature of
70°C for 1 h in an oven. Following paraffin removal,
the slides were immersed in xylene for 5 min and
subsequently underwent rehydration in a series of
graded alcohol solutions, starting with 95% alcohol
for 3 min, followed by 70% alcohol. The slides were
immersed in distilled water for an additional 3 min.
The tissues were stored with 0.1% cresyl violet acetate
stain for 10 min in an oven at a temperature of 70°C.
The slides were extracted and cleansed in distilled water
for 3 min, followed by dehydration in ascending alcohol
concentrations (70%, 95%, and 100%) for 3 min at each
level. Subsequently, the slides were immersed in xylene
for 5 min, affixed using mounting material known as
dibutyl phthalate xylene, and shielded with a cover slip.
The viability of cells in the tissue slides was assessed
using the method outlined by Adele. Brain samples
were obtained from three rats in each group. Five slices
of the hippocampus were produced from each rat brain
sample. Scoring was conducted on five sites within each
of the hippocampal regions of cornu Ammonis 1 (CAl),

Table 1: Chronic unpredictable mild stress procedure!"®

Stages of stress Type of stress

Description of the type of stress

S1 Food deprivation The rats were subjected to 24 h food deprivation. Food was provided
following the end of the deprivation period

S2 Water deprivation The rats were subjected to 24 h water deprivation. Water was provided
immediately following the end of the deprivation period

S3 Swimming in cold water The rats were made to swim for 5 min in cylinders filled with cold
water (4+1°C). At the end of this immediately after their swimming, the
rats were removed, dried with a towel, and returned to their home cages

S4 Change of cage mates The cage mates of the rats were changed for 12 h, after which the rats
were returned immediately to their respective home cages

S5 Tail pinch The tails of the rats were clamped at 1 cm from the tips of the tails for
1 min

S6 Cage tilt The rat cages were kept tilted at 45° for 12 h

S7 Overcrowding of cage 6 rats were packed in a cage for a period of 12 h

S8 Wet bedding 200 mL of water was added to the beddings in the cages where the rats,
where they retained for 12 h

S9 Physical restrain The rats were individually restrained in plastic restrainers (5.5 cm
diameter and 12 cm long) with proper ventilation for 4 h
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Figure 1: Experimental design

cornu Ammonis 2 (CA2), and cornu Ammonis 3 (CA3).
The Olympus microscope, specifically the Olympus
BX51TRF-CCD model, examined the tissue slices at a
magnification x400.21

The Enzyme-linked immunosorbent test

The AChE activity of the rat brain homogenates
was assessed using the quantitative sandwich ELISA
technique, following the instructions provided by the
manufacturer (Elabscience USA). Subsequently, a
Versamax microplate reader was used to determine the
optical density of the samples, applying a wavelength of
450 £ 2 nm. The values obtained, which were directly
proportionate to AChE quantities, were determined using
the standard calibration curves.

Studies on the expression of genes

The RNA was extracted from the rats’ brains using the
Qiagen RNeasy mini kit, following the manufacturer’s
instructions manual. The RNA samples were assessed
for purity using a Nanodrop spectrophotometer, and their
integrity, as indicated by the 28S/18S ribosomal RNA ratio,
was verified using agarose gel electrophoresis. The entire
RNA sample (100 ug) was subjected to reverse transcription
using a qPCRBIO c¢DNA synthesis kit according to the
manufacturer’s instructions manual.

The primers for the genes of interest (GOI) for CAT were
generated by IDNA, along with one reference gene (RG),
while glyceraldehydes-3-phosphate  dehydrogenase was
utilized to standardize the threshold cycle (CT) wvalues
for GOI. The real-time PCR was conducted using the
Eppendorf Mastercycler ep realplex 4S instrument and
the 2x qPCRBIO SyGreen Blue Mix Seoarate-Rox master
mix. The amplification technique employed entailed heat
activation at a temperature of 95°C for 2 min, succeeded
by 40 cycles consisting of a denaturation phase for 15 s at
95°C, followed by an annealing phase for 30 s at 59°C, and
finally an extension phase for 30 s at 72°C. The fluorescence
signals were measured at a temperature of 59°C.

The Livak technique was employed to compute the
fold change of gene expression based on the CT values
acquired.”” The mean CT values of each gene of
interest (CT AVG GOI) were standardized using the
mean CT values for the reference genes (ACT = CT AVG
GOI-CT AVG RG). The AACT (ACT TREATMENT-ACT

CONTROL) was computed, and each gene’s relative
change in expression level across the different rat groups
was represented as 2-(AACT). After amplification, the
specificity of the primers was determined using a melting
curve study.

Quantitative analysis of data using statistical methods

The analysis of the data acquired was done using the
one-way ANOVA with the GraphPad Prism version 6
software (ISI, USA). Tukey’s post hoc comparison was
employed, with the value of P < 0.05, to determine the
statistical significance. The results were reported as the mean
value plus or minus the standard deviation (mean = SD).

Results

Centella asiatica protected the hippocampus Cornu
Ammonis 1 pyramidal neurons from neurodegeneration
in chronic unpredictable mild stress-induced rats’ brains

The neuroprotective effects of CA on the CAl area of
the hippocampus in rats were evaluated by CV staining.
Noticeable disparities in the quantity of functional neurons
were noted in the hippocampus among the rats. The statistical
analysis yielded a test statistic of F (5,444) =62.59, with a
P =0.0001. The hippocampus of rats that were administered
with CUMS exhibited a significantly lower number of viable
neurons (11.25 + 1.875, P = 0.0001) compared to the control
group of rats (15.47 + 2.591). The quantity of functional
neurons was significantly greater in rats induced with CUMS
and treated with Flx (14.04 + 1.202, P = 0.0001), CA
400 (14.95 +2.277, P =0.0001), and CA 800 (14.93 + 2.559,
P = 0.0001), compared to the CUMS-induced model
group (11.25 + 1.875). There were no notable differences in
the number of functional neurons among the control, Flx, CA
400, and CA 800 groups of rats [Figure 2].

Centella asiatica protected the hippocampus Cornu
Ammonis 2 pyramidal neurons from neurodegeneration
in chronic unpredictable mild stress-induced rats’ brains

The neuroprotective effects of CA on the neurons in
the CA2 area of the rats’ hippocampus were assessed
using CV stain. There were notable variations in the
number of functional neurons in the CA2 area of the
hippocampus across different groups of rats (F [5,444] =
52.77, P = 0.0001). The hippocampus of rats induced with
CUMS exhibited a significantly lower number of viable
neurons (11.40 + 1.959, P = 0.0001) compared to the
control group of rats (15.44 + 2.688). The rats that were
treated with CUMS and also given Flx (15.17 £ 2.286,
P =0.0001), CA 400 (14.87 £ 2.418, P = 0.0001), or CA
800 (15.00 £ 2.515, P = 0.0001) showed a significantly
higher number of viable neurons compared to the rats that
were only induced with CUMS (15.44 + 2.688). There were
no notable disparities in the number of functional neurons
observed across the control, Flx, CA 400, and CA 800 groups
of rats [Figure 3].
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Centella asiatica protected the hippocampus and Cornu
Ammonis 3 pyramidal neurons from neurodegeneration
in chronic unpredictable mild stress induced rats’ brains

The neuroprotective effects of CA on the neurons of the
CA3 area in the rat’s hippocampus were assessed using
CV stain. A notable disparity was noted in the number of
functional neurons in the CA3 area of the hippocampus
across the different rats (F [5,444] = 93.98, P = 0.0001).
The CUMS-induced model group of rats had a markedly
reduced number of viable neurons (14.64 =+ 2.769,
P =0.0001) compared to the control group (20.27 + 3.202).
A considerably higher number of viable neurons were found
in the rats induced with CUMS and administered with
FIx (19.81 + 2.793, P = 0.0001), CA 400 (19.80 + 1.366,
P = 0.0001), and CA 800 (19.84 = 1.452, P = 0.0001),
compared to the CUMS-only model group (14.64 £+ 2.769).

There were no significant changes in the number of
functional neurons among the control, Flx, CA 400, and
CA 800 groups of rats [Figure 4].

The impact of Centella asiatica on the concentrations of
acetylcholinesterase in rat brain tissues

The levels of AChE in the rats’ brains were measured
to determine the protective effects of CA on the
cholinergic dysfunction caused by CUMS. The results
of the one-way ANOVA showed statistically significant
variations in the levels of AChE (F [5, 12] = 9.498,
P = 0.0007) across the different groups of rats. Tukey’s
post hoc test comparison showed that AChE levels in
the CUMS-induced rats (2.426 + 0.46, P = 0.0013) were
significantly higher than in the control group (1.27 + 0.14).
Significant reductions in AChE levels were statistically
detected in rats induced with CUMS when supplied with

Number of viable cells in CA1

Groups of Rats

Figure 2: Neuro-protective effects of Centella asiatica (CA) on the hippocampal neurons of the CA1 region, as observed by cresyl violet stain of
the chronic unpredictable mild stress (CUMS)-induced rats. Images of the cresyl violet staining of the hippocampus showing changes in number
of viable cells (shown with green arrow) and degenerated cells (shown with red arrow) after CUMS induction and those co-administered with
fluoxetine (FIx) and CA. (a) Hippocampal regions marked, (b) Control group, (c) CUMS-induced group, showing less viable cells (red arrow) (d) Fix
group, shows more viable cells (green arrow) (e) CA 200 group shows less number of viable cells and (f and g) CA 400 and 800 groups of rats show
more number of viable cells (green arrow). Data presented as mean £ SD, n = 6. *P < 0.05 versus control, #P < 0.05 versus CUMS, @P < 0.05 versus

FlIx, $P < 0.05 versus 200
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FIx (1.353 + 0.233, P = 0.0024), CA 400 (1.503 + 0.01,
P = 0.0078), and CA 800 (1.38 £ 0.233, P = 0.0030), in
comparison to rats exposed to CUMS alone (2.426 + 0.46).
No notable variations in the AChE levels were reported
across the rats treated with Flx and CA (400 and
800) [Figure 5].

The impact of Centella asiatica on the catalase mRNA
levels in brain tissues of chronic unpredictable mild
stress-induced rats

The expression of CAT mRNA was done to determine
the neuroprotective effects of CA in rats induced with
CUMS. The findings revealed notable disparities among
the groups of rats. The statistical analysis yielded a result
of F (5, 12) = 25.50, with a P = 0.0001. The amount

of CAT mRNA in the model group was significantly
reduced (fold change of 0.42 + 0.10, P = 0.0001)
compared to the control group (fold change of 1 + 0).
However, in groups of rats induced with CUMS and
administered FIx, CA 200, CA 400, or CA 800, there was
a significant increase in CAT mRNA levels compared
to the model group. The fold change for CAT mRNA
levels was as follows: Flx (1.01 + 0.05, P = 0.0001),
CA 200 (0.61 = 0.10, P = 0.0001), CA 400 (1.11 £ 0.16,
P = 0.0001), and CA 800 (1.10 = 0.10, P = 0.0001).
The CAT mRNA levels for rats given CUMS alone were
0.42 £ 0.10. There were no noticeable variations in the
levels of CAT mRNA between the Flx and CA (400 and
800) groups of rats, indicating no substantial increase or
decrease in fold change [Figure 6].

Number of viable cells in C

" #e #$

Groups of Rats

Figure 3: Neuro-protective effects of Centella asiatica (CA) on the CA2 region of the hippocampal neurons, observed by cresyl violet stain, on the
chronic unpredictable mild stress (CUMS)-induced rats. Images of the cresyl violet staining of the hippocampus showing changes in number of viable
cells (shown with green arrow) and degenerated cells (shown with red arrow) after CUMS induction and those co-administered with fluoxetine (FIx)
and CA. (a) Hippocampal regions marked, (b) Control group, (c) CUMS-induced group, showing less viable cells (red arrow) (d) FIx group, showed
more viable cells (green arrow) (e) CA 200 group shows less number of viable cells and (f and g) CA 400 and 800 groups of rats show a greater
number of viable cells (green arrow) Data presented as mean * SD, n = 6. *P < 0.05 versus control, #P < 0.05 versus CUMS, @P < 0.05 versus FIx,
$P < 0.05 versus 200
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Discussion

The brain’s hippocampus is a component of the limbic
system associated with cognitive function and memory. The
hippocampus also functions as a regulator of depressive
mood, processing information, and can cause behavioral
changes in depression.”! Reduced hippocampus sizes have
been seen in humans through postmortem examinations and
MRI investigations conducted on individuals with severe
depression (MD).4 Studies have reported changes in the

hippocampus brain in stress-induced depression models of
rats, which include shrunken dendrites in CA3 and dentate
gyrus neurons and loss of spines in CA1 neurons.?! Multiple
studies have reported observing hippocampal shrinkage
in various animal models of depression.?® The results of
the present study also revealed structural alterations in the
hippocampus of rats caused by CUMS, including reduced
number of viable neurons in the pyramidal cell layers.
The administration of Flx or CA at 400 and 800 mg/

Number of viable cells in CA3
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Figure 4: Neuroprotective effects of Centella asiatica (CA) on the neurons of the CA3 region of the hippocampus, as observed by cresyl violet stain, on
the chronic unpredictable mild stress (CUMS)-induced rats. Images of the cresyl violet staining of the hippocampus showing changes in the number of
viable cells (shown with green arrow) and degenerated cells (shown with red arrow) after CUMS induction and those co-administered with fluoxetine (FIx)
and CA. (a) Hippocampal regions marked, (b) Control group, (c) CUMS-induced group, showing less viable cells (red arrow) (d) FIx group, showed more
viable cells (green arrow) (e) CA 200 group shows less number of viable cells and (f and g) CA 400 and 800 groups of rats show more number of viable
cells (green arrow). Data presented as mean * SD, n = 6. *P < 0.05 versus control, #P < 0.05 versus CUMS, @P < 0.05 versus FIx, $P < 0.05 versus 200
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Figure 5: Effect of Centella asiatica on acetylcholinesterase levels in the
rat’s brains. Values are presented as mean * SD, n = 6. #P < 0.05 versus
control group, *P < 0.05 versus chronic unpredictable mild stress group

kg doses prevented the above-mentioned alterations. The
neuroprotective effects of CA in this study were similar
to those of FlIx. Significantly, according to the existing
literature, this study is the initial documentation of the
neuroprotective effects of CA in the rat model of depression
generated by CUMS. Prior research has documented the
neuroprotective properties of CA in mice subjected to
paracetamol toxicity, rats exposed to D-gal/AICI3 toxicity,
and rats with cerebral ischemia perfusion injury.l?”’!

AChE is an essential enzyme that plays a critical role
in cholinergic transmission. Its primary function is to
break down the neurotransmitter acetylcholine into
acetate and choline. This process has a direct impact
on memory. This phenomenon has been proven in
Wistar rats exposed to long-term noise-induced stress.”
Previous studies have documented similar findings in
rats exposed to long-term stress, showing an elevation
in AChE levels and impairments in memory.?'32 The
current investigation revealed that the model group
of rats which were exposed only to CUMS had an
increase in the levels of AChE in the hippocampus in
comparison to the control group of rats. The elevation
of AChE levels is believed to have a direct and causal
impact on the development of memory impairments.
The rat groups that received Flx and CA 400 and
800 also showed reduced AChE levels and enhanced
memory performance. Therefore, it can be inferred that
CA mitigates the alterations in AChE levels caused
by CUMS, thereby improving memory performance.
The CA at 400 and 800 mg/kg dosages exhibit
nondose-dependent behavior, as they yield comparable
benefits in reducing oxidative-antioxidative alterations
and AChE levels. On the other hand, the effect of CA
varies depending on the dosage. There is a noticeable
distinction between CA at 200 mg/kg group and groups
receiving CA at 400 and 800 mg/kg.

Fold change of CAT mRNA
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Figure 6: Effect of Centella asiatica on the levels of Catalase mRNA in
rat’s brain. Values are presented as mean * SD, n = 6. @P < 0.05 versus
control group, *P < 0.05 versus control group, #P < 0.05 versus chronic
unpredictable mild stress group

CAT plays a crucial role as an antioxidant in detoxifying
hydrogen peroxide (H202).B%) The presence of oxidative
stress in Wistar rats reduced the activity of CAT in the
brain, leading to oxidative damage.’*! RT-PCR analysis
revealed a notable decrease in mRNA expression of CAT
in rats exposed to oxidative stress.’> Rats exposed to
long-term, unpredictable stress experienced a noteworthy
reduction in their hippocampus’s CAT levels.* Comparable
findings were documented in Wistar rats exposed to stress
by prolonged immobilization. The findings of the current
investigation align with prior observations.

The current investigation confirms a decrease in mRNA CAT
levels in the hippocampus of rats with depression produced
by CUMS, compared to a control group of rats. The rats
induced with CUMS and treated with FIx and CA at doses
of 400 and 800 mg/kg, respectively, exhibited an elevation
in mRNA CAT levels. There were no notable variations in
mRNA CAT levels between the groups administered Flx
and CA (400 and 800 mg/kg), respectively. The findings
of this study showed that CA effectively protected against
oxidative stress-related harm by elevating the levels of CAT
in the brains of rat models induced with CUMS.

Conclusion

When an organism responds both physically and
psychologically when exposed to chronic stress, resulting in
depression. The changes in the body include alterations in
the oxidative stress pathway; this affects its delicate balance
by lowering the levels of CAT, which is an antioxidant, and
AChE, which is essential for normal synaptic function,
thus leading to the loss of hippocampal neurons. The CA,
an herb with neuroprotective properties, has been shown
to normalize the levels of CAT and AChE and protect the
neurons in CUMS-induced rats with depression hence can
be concluded that CA has the potential to treat depression.
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Impact of Mild Gestational Diabetes Mellitus on Maternal and Fetal Liver

Histopathological Alterations

Abstract

Background: Gestational diabetes mellitus (GDM) is one of the most common pregnancy
complications that can affect the organ systems of the body in both the mother and fetus. This study
aimed to determine the impact of mild GDM on maternal and fetal liver histopathological alterations.
Materials and Methods: In this experimental study, 20 pregnant Wistar rats were randomly allocated
in control and diabetic groups. Mild hyperglycemia was induced by intraperitoneal injection of
streptozotocin (40 mg/kg body weight) on the 5" day of gestation. The control group received an equal
volume of citrate buffer. The diabetic state was confirmed by a blood glucose level of 120-300 mg/dL.
Maternal and fetal liver samples were obtained on day 19 of gestation and stained with hematoxylin and
eosin for histopathological investigation. Results: Liver sections of diabetic dams exhibited edematous
hepatocytes and scattered pyknotic and necrotic cells with dilated sinusoids and congested central veins.
The portal tracts showed the proliferation of bile ducts with mild chronic inflammatory cells infiltrating
together with fibrosis beyond the limited plate which extends to the central vein (porto-central fibrosis).
Liver sections of their fetuses revealed edematous hepatocytes with increased necrotic cells, with
pyknotic nuclei, dilatation of the hepatic sinusoids, and their central veins. There was also a relative
increase in megakaryocytes, which promoted fibrosis and distorted vascular beds of the hepatic tissue.
The portal tracts also showed bile duct proliferation. Conclusion: This study highlighted the adverse
effects of uncontrolled mild GDM on liver structure in rat dams and their fetuses.

Keywords: Fetus, gestational diabetes mellitus, histopathology, liver, rat

Introduction

Diabetes mellitus (DM) is one of the top
10 causes of death in the world.l! Type 1,
type 2, and gestational DM (GDM) are
three main types of DM.%

GDM, one of the most common
metabolic disorders in pregnancy, affects
approximately one in six pregnancies.P! It is
associated with different adverse pregnancy
outcomes, including an increased risk of
fetal macrosomia, neonatal hypoglycemia,
and large for gestational age,™ as well as
maternal hypertension, preeclampsia, and
cesarean delivery.*¢-81

High blood glucose levels can harm the
developing organs of the fetus, causing
serious birth defects. Wu et al. evaluated the
relationships of prepregnancy DM and GDM
with 12 subtypes of congenital malformations
of the newborn among 29,211,974 live births
in the United States. Prepregnancy DM and,
to a lesser extent, GDM were associated with
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Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.
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several subtypes of congenital malformations
of the newborn.?!

The liver, which plays a central and crucial
role in maintaining glucose homeostasis, is
one of the organs that is severely damaged
in DM.[10-13]

Although numerous studies have shown the
effects of type 1 and type 2 DM on liver
morphology, architecture, and function,
limited data are available on the effects of
mild GDM on the liver.

In the present study, the hepatic effects of
mild GDM in vivo were investigated using
streptozotocin ~ (STZ)-induced  diabetic
rats as an experimental model. This
experimental study was designed to assess
the effect of mild GDM on maternal and
fetal liver histopathological alterations.

Materials and Methods

This experimental study was conducted in
the Faculty of Medicine, Golestan University
of Medical Sciences, Gorgan, Iran. Ethical
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approval was obtained from the Ethics Committee of
Golestan University of Medical Sciences, Gorgan, Iran
(ethical code: IR.GOUMS.AEC.1401.007). The experimental
procedures were performed according to the Guide for the
Care and Use of Laboratory Animals.

Animals

Adult Wistar rats were used for experimentation. Animals
were maintained under controlled conditions of temperature
and humidity, in a 12:12 h light/dark cycle, with free access
to water and standard chow.

Drug

Dry STZ (Sigma, USA) powder was dissolved in citrate
buffer (pH 4.5) immediately before use.

Experimental design

Females were paired with male rats overnight. The next
morning, mating was confirmed by the presence of sperm
in the vaginal smear (gestational day O [GDO]). The
pregnant rats were randomly allocated into two control and
diabetic groups (n = 10).

Induction of diabetes

Mild hyperglycemia in pregnant rats was induced by a
single intraperitoneal injection of freshly prepared STZ
solution (40 mg/kg body weight [b.w.]) on the 5" day of
gestation.!"%] Control pregnant rats received an equivalent
volume of citrate buffer.

Blood glucose measurements

Fasting blood glucose was measured before and 72 h after
injection.

The diabetic state was confirmed by a blood glucose
level of 120-300 mg/dL!"® through the tail vein
using a glucometer (Accu-Chek® Active Glucometer,
Roche Diagnostics, Germany). Normal blood glucose
level (<120 mg/dL) was also checked in the control group.

Histopathological evaluation

On gestation day 19, six pregnant rats of both control and
diabetic groups were anesthetized by an intraperitoneal
injection of a mixture of ketamine (90 mg/kg b.w.) and
xylazine (10 mg/kg b.w.). Liver tissues of both maternal and
fetal rats were removed and subjected to histopathological
examination. The specimens were immediately fixed in 10%
neutral-buffered formalin, dehydrated in a graded ethanol
series, cleared in xylene, embedded in paraffin, sectioned
at 4-5 um thickness, and finally stained with hematoxylin
and eosin. Sections were studied at the microscopic
level (OLYMPUS BXS51 microscope), and an OLYMPUS
DP12 camera was applied to take digital photos.

Results

» Histopathological studies
* Light microscopy.

Maternal liver tissue

The normal histological architecture of the liver was
observed in the dams of the control group.

The hexagonal lobules of hepatocytes were arranged
as cords of cells connecting the portal tracts in the
periphery to central veins and intermingled by normal
sinusoids [Figure 1].

In contrast, the liver of diabetic dams revealed edematous
hepatocytes and scattered pyknotic and necrotic cells
with dilated sinusoids and congested central veins. The
portal tracts showed the proliferation of bile ducts with
mild chronic inflammatory cells infiltrate along with
fibrosis beyond the limited plate, extending to the central
vein (porto-central fibrosis) [Figure 2].

Fetal liver tissue

The fetal liver consisted of hepatocytes and hematopoietic
cells. Fetal hepatocytes and their nuclei were large.
Normal cords of hepatocytes were separated by primitive
vascular sinusoids containing islets of erythrocytes
and hematopoietic cells, including erythroid pools,
megakaryocytes, and myeloid series [Figure 3].

Fetal liver sections in the GDM group compared to controls
exhibited edematous hepatocytes with moderately increased
necrotic cells with pyknotic nuclei, dilated sinusoids,
and central veins. There was also a relative increase in
megakaryocytes, which induced fibrosis and distorted vascular
beds of the hepatic tissue (hemangioma like). The portal
tracts also showed a proliferation of bile ducts [Figure 4].

Discussion

Evidence from clinical and animal studies shows that D