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Abstract

This study examines the effects of atorvastatin and cinnamon on the submandibular salivary gland in albino rats with
high cholesterol, highlighting the potential of plant extracts in managing hypercholesterolemia. Blood cholesterol levels and
submandibular gland tissue were both positively impacted by the synthetic treatment of Atorvastatin for hypercholesterolemia. In
hypercholesteraemic rats, cinnamon improved blood cholesterol levels, the histological and ultrastructure picture of the

submandibular gland, and the amount of caspase 111 when used as a natural herbal remedy.
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1. Introduction

Cholesterol, a lipid, preserves cellular membrane
fluidity, aids embryo and fetus development, and contains
bioactive compounds like bile acids, vitamin D, and steroid
hormones  [1]. Herbal therapies and  synthetic
pharmaceuticals are  both  effective in treating
hypercholesterolemia. Among the synthetic medications
used worldwide to treat dyslipidemia are statins, which
inhibit the action of HMG CoA reductase [2]. As per Qiu et
al., (2017), atorvastatin is a statin that is suggested for
managing different types of dyslipidemias such as adult
mixed  dyslipidemia, hypertriglyceridemia,  primary
lipoproteinemia, homozygous familial
hypercholesterolemia, and heterozygous  familial
hypercholesterolemia in adolescents [3]. Traditional plant-
based medicine in Asian nations, like Cinnamomum
burmannii, may have anti-diabetic effects and lower blood
sugar levels due to its potent lipolytic action, which
influences lipid metabolism and potentially lowers
cholesterol levels [4].
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2. Materials and Methods
2.1 Materials preparation

2.1.1. Preparation of Cholesterol Rich Diet

The recipe for a cholesterol-rich meal included the
following ingredients: 10 grams of cholesterol, 120 grams of
casein, 50 grams of salt mixture, 10 grams of vitamin
mixture, 250 grams of soybean oil, 0.4 grams of choline,
130 grams of cellulose, and 429.6 grams of corn starch. Bile
salt mixture, which is required for the intestinal absorption
of cholesterol, was also added [5].

2.1.2. Preparation of Atorvastatin

Atorvastatin tablets were crushed by mortar and pistol
and dissolved in a distilled water in a concentration of 10%
and were administrated by oropharyngeal tube [6].

2.1.3 Preparation of Cinnamon

The powder was dried, diluted in 10% distilled water,
and delivered via oropharyngeal tube. It was purchased from
the Harraz local market in Cairo [7].
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2.2. Methods

2.2.1. Sample Size Calculation

The G* Power version 3.19.2, Franze Faul, University
Kiel, Germany, will be used to calculate the sample size. ©
1992-2014 Copyright. With a power of 95% and an effect
size of 0.8 utilizing both the beta (B) and a levels of 0.05,
the estimated sample size (n) should consist of at least 60
rats divided into 6 groups, with 7 rats in each group.

2.2.2. Study Design

There were twenty-one mature male albino rats at the
start of the trial, weighing between 160 and 180 grams each.
Prior to the trial, the rats were given a week of acclimation.
Each of the five rats was kept in a separate cage with
adequate ventilation. Throughout the trial period, a
sufficient diet consisting of fresh vegetables, dried bread,
and tap water was freely available. From the time of their
lodging until their termination, which was handled by the
incinerator, this was carried out under the observation of a
trained animal caregiver.

2.3. Animal Grouping and Handling Procedure
Rats were split evenly into the following two major
groups:

2.3.1. Control group
Seven rats in this group received distilled water through
an orophayngeal tube and a regular meal for four months.

2.3.2. Experimental groups

2.3.2.1. 2-A Cholesterol-rich diet group

1% powdered cholesterol was included in the high-
cholesterol diet that the seven rats in this group were fed for
four months [8].

2.3.2.2. 2-b Cholesterol-rich diet + Atorvastatin group

The atorvastatin tablets were administered by
oropharyngeal tube after being crushed with a mortar and
pestle and diluted in 10% distilled water [6].

2.3.2.3. 2-C Cholesterol-rich diet + Cinnamon group

A 10% concentration of dried powder was dissolved in
distilled water and administered via an oropharyngeal tube
(Figure 4) after being purchased from the Harraz local
market in Cairo [7].

3. Results

3.1 Biochemical Analysis

After the third and fourth months, the mean plasma
cholesterol level for all groups revealed the following before
hypercholesterolemia was induced: Prior to the production
of hypercholesterolemia, plasma cholesterol levels were the
same in all groups, and the t-test revealed a negligible
statistical difference between the groups. The control
group's mean plasma cholesterol level was lower than that
of the other groups following the induction of
hypercholesterolemia. At the conclusion of the fourth
month, the average plasma cholesterol level in the
cholesterol group was considerably higher than in the other
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groups. The cholesterol+Atorvastatin group showed a
significant decrease in comparison to the cholesterol group;
however, there was no difference between the cholesterol.
At the conclusion of the study period, lipid profiles were
assessed both prior to and following the development of
(Table 1 & Figure 1).

3.2. Histological Results

3.2.1. Control group

The parenchyma of the submandibular gland is made up
of secretory end pieces and collecting ducts, with
intercalated ducts having narrow lumens and cuboidal cells
with basally located nuclei and striated ducts made up of
columnar cells with centrally located open-faced nuclei,
according to an examination of H & E-stained sections
(Figure 2A).

3.2.2. Cholesterol-rich diet group

A set of cells underwent microscopic inspection, which
showed aberrant mitosis, broken borders, vacuolar
degeneration, conspicuous chromatin, and lack of typical
acinar cell layout. Whereas striated duct cells had no basal
striations and an aberrant architecture with ill-defined
borders, intercalated duct cells had both of these
characteristics. The cytoplasm was deteriorated and majority
of the nuclei had necrotic areas with vacuolated cytoplasm.
Necrotic cells, indistinct borders, and a loss of normal
architecture were also observed in granular convoluted
tubules (Figure 2B).

3.2.3. Cholesterol-rich diet+ Atorvastatin

Histological analysis performed on the group showed a
restoration to normal secretory cell arrangement into
spherical-shaped acini, as well as typical acinar appearance.
Acinar cells lost their cellular borders and pyramidal
structure, and some serous acini had burst cells. The
intercalated duct displayed a narrow lumen and typical cell
borders (Figure 2C). The investigation revealed basal
striations, striated ducts with returning normal cell borders,
and granular convoluted tubules with normal histological
structure (Figure 2C).

3.2.4. Cholesterol-rich diet + Cinnamon

Sections stained with hematoxylin and eosin revealed
the gland's usual structural characteristics, including a
regular arrangement of secretory acini and ducts. The
striated duct cells possessed distinct borders and basal
striations, but the intercalated duct had typical histological
characteristics. A few ducts continued to secrete. The
granular convoluted tubule featured towering columnar
cells, a large lumen, and regular borders (Figure 2D).

3.3. Immunohistochemical Results

A negative to weak immune response was observed in
rats given a regular diet for four months, according to the
qualitative analysis of color intensity immunoreaction to
caspase IIl. The group that consumed a diet high in
cholesterol exhibited strong to moderate positive immune
responses, and at the conclusion of the fourth month, the
mean anti-caspase immune response in the submandibular
salivary gland demonstrated a significant rise when
compared to the other groups.

394



1JCBS, 24(12) (2023): 393-401

After receiving atorvastatin tablets for a month,
hypercholesterolemic rats demonstrated strong to moderate
immunoreactivity; the difference between this group and the
cholesterol group was not statistically significant.
Cinnamon-treated  hypercholesterolemic rats had a
weakened immunological response to the caspase III
antibody. There is a significant distinction between
cinnamon treated group and the cholesterol group (Table 2).

3.4. Transmission Electron Microscope Results

3.4.1. Control Group

A rat's submandibular salivary gland displayed normal
ultrastructural features, including pyramidal cells and
spherical acini with a central constricted lumen. Both
basally and laterally located golgi bodies were seen, and the
electron concentrations of free ribosomes and lysosomes
varied. Round euchromatic nuclei surrounded by many
mitochondria were found in the basal portion of the cells
(Figure 4A). Tall columnar cells with big, spherical nuclei
lined the granular convoluted tubules. Numerous tightly
packed membrane-bound granules were seen (Figure 4B).

3.4.2. Cholesterol-rich diet group

When the submandibular salivary glands of a diet heavy
in cholesterol were studied, atrophic alterations were
observed in the serous secretory cells. Cytoplasmic
vacuolations and uneven pyramidal  morphology
characterized the acinar cells. Widening intercellular
connections, loss of mitochondria, and organelle
degeneration were seen in some acini. An absence of
interdigitation was also found in the study (Figure 4B).
According to the study, granular convoluted tubules had
suffered significant damage. Damage to the rough
endoplasmic reticulum, mitochondria, and other organelles
was shown by numerous cell vacuolization.

3.4.3. Cholesterol-Rich Diet + Atorvastatin Group

When the cholesterol-rich diet group taking atorvastatin
had their submandibular salivary gland examined under an
electron microscope, the ultrastructural elements were
comparatively restored to normal. In this group of rats, the
submandibular salivary gland's serous acini displayed
enormous pyramidal cells with nuclei that were nearly
spherical at the base. Relative intercellular connections were
visible in the cell membranes of the nearby cells, as seen by
a large number of integrations and desmosomes (Figure 4
C). Numerous cytoplasmic granules were visible, and
columnar cells with a basally positioned nucleus lined the
granular convoluted tubules.

3.4.4. Cholesterol Rich Diet + Cinnamon

The serous acini of the rat's submandibular salivary
gland in the cholesterol-rich diet group that received
cinnamon treatment were observed under an electron
microscope to have big pyramidal cells with an almost
rounded basally situated nucleus (Figure 4D). Columnar
cells with a basally positioned nucleus lined the granular
convoluted tubules. Liquid stagnation is present in the
lumen, which is surrounded by cells. There were numerous
large-sized and freshly produced cytoplasmic granules
visible. While some of the freshly produced mitochondria
were visible, others were scattered.
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4. Discussion

According to prior study findings published by Khosla
and Sundram (1996), who employed albino rats fed on
various amounts and kinds of fats, feeding albino rats a
high-fat meal including cholesterol crystals, they produced
hypercholesterolemia in the diet group high in cholesterol
[9]. The current investigation found that adding supplements
to a diet rich in cholesterol was sufficient to result in
hyperlipidemia.  Igbal and Mudassar (2015) published
similar findings demonstrating increased blood lipid profile
values in rats and rabbits on a high-cholesterol diet [10]. The
submandibular salivary gland of albino rats given a high-fat
diet for four months was examined histologically and
ultrastructural to determine how the high-fat diet affected
the gland's histological structure and led to the loss of the
typical morphology of acinar cells. It was discovered that a
high-fat diet causes significant changes in the parotid
salivary gland, leading to lipid buildup and inflammatory
responses, potentially limiting oxygen and food molecules,
and negatively impacting cell function and survival [11].
The study suggests that intracellular lipids cause vacuoles,
which may be due to degenerative changes in secretory
cells. This aligns with previous research suggesting that
high-fat diets cause lipid accumulation in secretory cells.
Salivary glands accumulate lipid droplets, causing pressure
on acini boundaries and resulting in eroded and deformed
structures [12]. On the ultrastructural evaluation scale, it
was proposed that cytoplasmic vacuolization is a
physiological adaptation to limit harm, starting with tiny
vesicles fused into larger vacuoles. Following hypotonic
shock, cells' distended mitochondria give them a vacuolated
appearance, impacting the endoplasmic reticulum and Golgi
apparatus [13]. Rats fed a high-fat diet show significant
changes in their submandibular salivary gland, resulting
from lipid droplet pressure and increased salivary secretion.
This is linked to glandular dysfunction and abnormal
secretory duct degeneration [14]. It was explained that
dilated striated ducts and stagnate excretion may be due to
mitochondrial injury, ATP depletion, membrane pump
failure, and biosynthesis failure. This lack of energy leads to
ductal dilatation and obstruction, resulting in the transfer of
secretions by cells [15]. Red blood cells were found in
dilated blood arteries in a group with hypercholesterolemia,
consistent with previous studies showing cellular infiltration
and dilated blood channels congested with red blood cells in
hypercholesterolemic rats, possibly due to an inflammatory
response to improve blood supply to degeneration areas
[11]. Ultrastructural analysis revealed dilated rough
endoplasmic reticulum (RER) in some acini, with severe
organelle degeneration and weak intercellular connections.
This aligns with previous studies showing that a lipid-rich
diet in rats leads to recessed, compressed nuclei with little or
no euchromatin, indicating a potential link between lipid-
rich diets and acinar cell dysfunction [16]. The marked
dilatation of the rough endoplasmic reticulum (RER) was
also explained by Selim, who confirmed that the RER's
enlargement is related to the cellular condition that occurs
before apoptotic manifestations [17]. Electron microscopy
research indicates that the packing of mitochondria between
plasma membrane basal infoldings causes striated duct cell
basal striations, which could be lost due to mitochondrial
damage caused by oxidative stress [18].
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The study's immunohistochemical results confirmed the
findings in the hypercholesterolemic group, with caspase III
antibodies showing strong to moderate positive reactions to
activated caspase III in acinar and ductal cells, connective
tissue cells, and endothelial cells. Research suggests that
strong to moderate immune reactivity in this population may
be due to the activation of "death domain" receptors, such as
TNFR-1 or FAS, by cytokines, possibly due to
hypercholesterolemia [19]. The study suggests that
hypercholesterolemia can lead to increased oxidative stress,
causing excessive reactive oxygen species (ROS)
development and severe oxidation of cell lipids, proteins,
and DNA. This, through caspase Ill activation, results in
apoptosis, a common  pathogenic  outcome in
hypercholesterolemia [20]. On the other hand, Jang et al.,
(2002) added that caspase III has several cellular targets, and
upon activation, caspase Ill results in morphologic
characteristics of apoptosis [21]. The study involved albino
rats fed a high-fat diet for three months, who were given a
month of treatment with 10 mg/kg BW Atorvastatin tablets,
a favored clinical lipid-regulating medication. AL-Rawi
(2007) reported that in patients with hyperlipidemia,
atorvastatin effectively reduces abnormal blood cholesterol
levels, inhibits the development of atherosclerosis, and
reduces clinical cardiovascular events [22]. In comparison to
the cholesterol group, this group's biochemical data
indicated a substantial drop in total cholesterol, LDL, and
HDL levels. Studies have shown that statins inhibit HMG-
CoA reductase, lowering cholesterol levels and increasing
protease activity. This leads to increased sterol regulatory
element binding protein (SREBP) entry into the
endoplasmic reticulum, regulating the amount of circulating
LDL [23]. Researchers have also shown that statins reduce
LDL by blocking the liver from generating the LDL
receptors known as apolipoprotein B-100. When LDL
receptors are not working in  persons  with
hypercholesterolemia, atorvastatin can reduce LDL [24-27].
In the present experiment, histological and ultrastructural
examination of hypercholesterolemic r34.s treated with
Atorvastatin showed that the normal structural features of
the gland were almost treated to their normal features. The
return of typical acinar appearance with its histological
features in this group was explained by Laufs et al., (1998),
Who claimed that endothelial dysfunction is a precursor to
atherosclerotic lesions, which are brought on by high
cholesterol. The ability of endothelial cells to generate
nitrous oxide (NO), which controls the endothelium's anti-
atherosclerotic activity, is decreased by
hypercholesterolemia [28]. Previous findings were reported
by Wagner et al., (2000), who proposed that statins change
the NO-/ O2- balance by stopping endothelial cells from
producing O2, which then allows endothelial cells to
function again [27]. Histological and ultrastructural
examination of this group showed the return of the
Intercalated, striated, and excretory ducts to their normal
histological features. The study supports previous research
indicating statins improve blood flow control and lipid
profile modification, leading to increased endothelium-
dependent vasodilation, tissue repair, and the development
of new blood vessels [29-30]. Histological analysis revealed
dilated granular convoluted tubules in the same group, with
cytoplasmic vacuolar degeneration in some. However, cell
borders and nuclei were only slightly normal in other
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granular tubules, attributed to studies showing that statins
reduce cholesterol and coenzyme Q10 production in
hypercholesterolemia patients [31-34]. Vascular
degenerative signs of the granular convoluted tubule and
some acinar cells may be because of what Kumar (2007)
showed that treatment with atorvastatin caused pancreatic
acinar degeneration in hyperlipidemic rats in various
degrees, resulting in the loss of their normal architecture and
empty spaces between the pancreatic acini. Acinar cells
might have unclear cell borders. It clarifies the implications
of the poor histology data [35]. The study found that high-
fat diet rats treated with Atorvastatin showed strong to
moderate immunoreaction against caspase III, consistent
with Chen et al. (2014). who found that atorvastatin
improved left ventricular function, reduced infarct size, and
decreased cell apoptosis in rats with experimental acute
myocardial infarction [36]. The Bcl-2 family in the
endoplasmic reticulum regulates various signaling pathways
and cell viability. Anti-apoptotic proteins like Bcl-2 may
explain their moderate to poor response to various apoptosis
inducers [37]. It is now regular practice to employ plant
extracts to treat various illnesses. Additionally, many plant
materials are used as supplements. In this research, albino
rats fed a high-fat diet for 4 months were treated with 6
mg/kg. BW cinnamon powder. Using 6 mg cinnamon
powder in agreement with Khan et al., (2003) findings, they
discovered that cinnamon bark's potent lipolytic action
helped type 2 diabetic individuals lower their free fatty acid
levels and manage their total cholesterol and triglyceride
levels at varied dosages. This proves that cinnamon powder
effectively avoids hyperlipidemia's elevated lipid profile
levels [38] The study found that when cinnamon powder
was administered to hypercholesterolemic rats, plasma
cholesterol and LDL levels decreased by 54%, LDL
decreased by 211 mg/dl to 61 mg/dl, and HDL increased
dramatically from 36 mg/dl to 63 mg/dl [39]. In addition,
Khan et al., (2003) revealed that cinnamon medication
directly impacts how lipids are metabolized. Thanks to its
potent lipolytic action, cinnamon protects against
hypercholesterolemia  and  hypertriglyceridemia  and
decreases levels of free fatty acids and TG [38]. The
ultrastructural analysis reveals columnar cells bordering
striated channels, with radially distributed mitochondria and
complex infoldings. Cinnamon's active ingredient
controlling mitochondrial permeability may contribute to the
observed advancement in mitochondrial structure [40].
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Table 1: Showing mean plasma cholesterol level before induction of hypercholesterolemia, at the end of third month, at
the end of the fourth month.

At the end of At the end of

Before induction of the third the fourth
hypercholesterolemia month month
Control 97.432 98.857 99,125
Cholesterol rich diet 97.28 165.542 233.525
Cholesterol + Atorvastatin 95.142 166.828 115.202
Cholesterol + Cinnamon 96.000 165.943 113.584

MEAN PLASMA CHOLESTEROL LEVEL BEFORE MEAN PLASMA CHOLEATEROL LEVEL MEAN PLASMA CHOLESTEROL LEVEL AFTER
INDUCTION OF HYPERCHOLESTEROLEMIA AFTER 3 MONTHS 4 MONTHS

97432

283.55
165,542 166,828 165943

115202 113584

Figure 1: Before hypercholesterolemia induction, at the end of the third month, and at the end of the fourth month, for
each group, the mean plasma cholesterol levels are displayed.
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Figure 2 (A): A photomicrograph displaying serous acini (black arrow) in the control group, (B): A photomicrograph of
the cholesterol group displaying degenerated acini (black arrow), striated duct with loss of basal striations (red arrows),
degenerated convoluted tubule (yellow arrow), (C): A photomicrograph of the atorvastatin-treated group demonstrating
serous acini with cytoplasmic vacuoles (black arrows), an intercalated duct (yellow arrow), and striated ducts with basal
striations (red arrows), as well as isolated striated ducts with loss of basal striation (black arrows), dilated blood vessel
congested with RBCs (green arrow), (D): A photomicrograph of the cinnamon-treated group demonstrating spherical

acini (black arrows), conventional intercalated duct (red arrow) (H & E, x 400).

Figure 3 (A): A photomicrograph of the control group demonstrating a mild to negative immune response within the
acinar cells' cytoplasm (black arrow) and striated duct (red arrow) examples of duct cells, (B): A photomicrograph of
the cholesterol group demonstrating cytoplasm of striated (red arrow) and acinar cytoplasm (black arrow), as well as a
strong to moderate immunological response at the basement membrane, (C): Photomicrograph of the atorvastatin-
treated group demonstrating a moderate to weak immune response at the cytoplasm of acinar cells (black arrow) and

striated duct (red arrow) (caspase 111 org. mag. 640).

Foad et al., 2023

398



1JCBS, 24(12) (2023): 393-401

Table 2: Average of the various experiment groups' submandibular salivary gland Caspase Il immune response.

Std.

95% Confidence Interval

Color Intensity

Mean o Std. Error Lower Bound Upper Bound
Deviation Percentage
0.380829579 : -1.369438919 : 0.745265922
Control group 324324 8.757215 5.07%
0.492517234 : -1.41101364 1.323880489
Cholesterol 129.5476 24.20065 45.55%
Cholesterol + 0.746366778 | -2.515255232 : 1.629237545
OSIEION™ 431716 7.398703 15.18%
Atorvastatin
hol | 0.661310698 : -1.273396119 | 2.39878958
Cholesterol+  yg 140 15.83386 13.75%

Cinnamon

Figure 4 (A): An electron micrograph of the control group showing a serous secretory cell with nucleus (N),
Mitochondria (M), and free ribosomes (R) (Uranyl acetate & lead citrate x12000), (B): Electron micrograph of
cholesterol group showing acinar cells, pyramidal with irregular shrunken nuclei (N), and multiple electro-lucent
secretory granules (G) were noticed. Large and small cytoplasmic vacuoles (V) (Uranyl acetate & lead citrate x5000),
(C): An electron micrograph of the atorvastatin-treated group showing serous acinar cells with rounded nuclei (N) and
rough endoplasmic reticulum (RER). secretory granules were noticed (G). (arrows) (Uranyl acetate & lead citrate
x8000), (D): An electron micrograph of serous acini of cinnamon treated group showing a serous acinar cell with
rounded nucleus (N), mitochondria (M) lateral interdegitations were noticed (Uranyl acetate & lead citrate x12000).
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5. Conclusions

Hypercholesterolemia severely affects the structure of the
salivary glands to different degrees. Administration of
Atorvastatin as a synthetic line of treatment for
hypercholesterolemia positively affected submandibular gland
tissue and the cholesterol level in the blood. As a natural herbal
line of treatment Cinnamon enhanced the histological and
ultrastructure picture of the submandibular gland, level of
caspase Il in addition to blood cholesterol levels in
hypercholesteraemic rats.
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