© 2022 IJNRD | Volume 7, Issue 7 July 2022 | ISSN: 2456-4184 | [INRD.ORG

IJNRD.ORG ISSN : 2456-4184 -

~s- INTERNATIONAL JOURNAL OF NOVEL RESEARCH

-
P

[

: = AND DEVELOPMENT (IJNRD) | IJNRD.ORG
RD AnInternational Open Access, Peer-reviewed, Refereed Journal

Histological effect of "Triton-induced" obesity on
the heart of albino rats
(Light and electron microscopic study)

Ahmad Mohammad Abdel-Aleem Desoky

Histology Departments, Faculty of Medicine, Al-Azhar University, Assiut, Egypt
E mail: dr.ahmad.abdel.aleem@azhar.edu.eg - Tel: 002 01155988640 - Orcid no.: 0000-0001-8543-7102

ABSTRACT:

Background: Obesity can incidence cardiac abnormalities through oxidative stress, mitochondrial dysfunction, pressure or
volume overload, cardiac fibrosis and apoptosis. The aim of this work was to study the light and electron microscopic changes in
the heart induced by obesity in albino rats.

Material and methods: Sixty male albino rats were divided into three groups: Control group: fed normal laboratory diet for 4
weeks. Treated group: treated by one intraperitoneal injection of Triton (250 mg/kg) to induce obesity and fed normal laboratory
diet for 4 weeks. Recovery group: similar to treated group but left for another 4 weeks. Finally, body weight and serum level of
lipid profile were measured. Myocardial samples were taken for LM and EM study. LM slides were photographed and analyzed
while ultra-thin sections were examined by TEM. Means, standard errors and P-values were calculated (for body weight, serum
lipid profile, perimeter of myocardial cells and total area of collagen fibers in myocardium) to compare between groups.

Results: body weight and serum lipid profile showed significant increase in the treated group then significant improvement in the
recovery group. LM study revealed significant increase in cardiac cell' perimeter and interstitial collagen in the treated group then
significant decrease in cardiac cell' perimeter and non-significant decrease in interstitial collagen in the recovery group. EM study
of the treated group revealed much interstitial collagen, adipocyte infiltration, distorted myofilaments and mitochondrial rupture
with swelling cristae. The recovery group revealed slight improvement in interstitial collagen and adipocyte infiltration, while
myofilaments and mitochondria showed moderate improvement.

Keywords: Obesity, Triton, Albino rats, Cardiac muscle, Cardiovascular.

INTRODUCTION:

Obesity is one of the main reasons of cardiovascular problems. The primary cause of death globally continues to be
cardiovascular illnesses, especially ischemic heart disease and stroke, which also play a significant role in disability and rising
healthcare expenditures. Cardiovascular disorders alone caused 15.6 million deaths worldwide in 2010 as their main cause V.
There is a tonne of evidence linking obesity to changes in the heart's function and structure in both people and animals @. A ten
kilogramme increase in body weight is related to a 3.0 mmHg and 2.3 mmHg increase in both systolic and diastolic blood
pressure, respectively. According to estimates, these increases result in a 12% rise in the risk of coronary heart disease and a 24%
increase in the risk of stroke. When there was an abdominal distribution of obesity, the blood pressure rises more ). Changes in
mitochondrial dysfunction, cardiac metabolism, oxidative stress, poor insulin signalling, pressure/volume overload, inflammation,
neuro-humoral activation as well as cardiac fibrosis and apoptosis are just a few of the variables, may cause functional and
structural changes in the heart as a result of obesity .

The aim of this work was to study the light and electron microscopic changes in the heart caused by "Triton-induced" obesity

in male albino rats. Triton was injected intra-peritoneally (at a single dose of 250 mg/kg) as it induces obesity and hyperlipidemia
higher than that induced by cholesterol and oil supplemented diets.
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MATERIAL AND METHODS:

At Al-Azhar University in Egypt's Faculty of Science, this investigation was conducted. Eight weeks of the experiment were
spent employing 60 Wistar strain male albino rats that were initially 120+5 grams in weight and 5 weeks old. Six "stainless steel"
cages measuring 120x60x60 cm were utilised to house the rats (ten rats each cage), which were purchased from the National
Institute for Vaccine and Anti-Serum "VACSERA," Cairo, Egypt. Prior to the experimental work, rats were provided a sufficient
standard feed, access to water, and libido for one week of acclimation. At Al-Azhar University, Egypt; the Faculty of Science's
Animal Care Committee oversaw the treatment and use of the animals.

The 60 male albino rats were divided into three groups (20 rats for each group):

1. Group I (Control group): rats were fed normal laboratory diet for 4 weeks then sacrificed. This group was used as a negative
control group.

2. Group II (Treated group): rats were treated by a single intra-peritoneal injection of Triton (250 mg/kg) to induce obesity and
fed normal laboratory diet for 4 weeks then sacrificed. This group was used as a positive control group.

3. Group III (Recovery group): rats were similar to the treated group but left without treatment for another 4 weeks (for
spontaneous recovery) then sacrificed.

Sigma-Aldrich USA sold triton WR 1339 (Tyloxpole) ® in the form of a 50 ml vial containing 50 games of triton. A solution
containing 100 mg/ml of triton was made by dissolving one millilitre of triton in nine millilitres of ordinary saline. According to
Walaa and Saad 2015 ©®, triton was administered intra-peritoneally at a dose of 250 mg/kg (0.25 ml of the produced solution/100
games of body weight). El Gomhoria Company for Chemicals in Mansoura, Egypt provided the histological stains that were
purchased.

Collection of blood samples and determination of serum lipid profile: After 4 weeks from the beginning of the experiment
as well after overnight fasting, samples of blood were drawn from the retro-orbital plexus of veins of rats, in control and treated
groups (and after eight weeks in the recovery group). Blood sampling was done under diethyl ether anesthesia before decapitation
and sacrification. Without using an anticoagulant, blood samples were drawn into sterile, dry Wassermann tubes and allowed to
coagulate in the slope position at room temperature. The non-haemolysed serum was carefully separated from the haemolysed
serum and placed into clean, dry Epindorffs, which were centrifuged at 3000 rpm for 5 minutes before being frozen at -20 °C for
use in biochemical analysis. Serum levels of total cholesterol (TC) and triacylglycerol (TG) were measured by commercial kits
(Vitro Scient Company Egypt). However, serum levels of high density lipoprotein cholesterol (HDL-c), low density lipoprotein
cholesterol (LDL-c) and very low density lipoprotein cholesterol (vLDL-c) were measured also by commercial kit (Spectrum
Company Egypt).

Preparation of tissues for histological EM studies: firstly the rat was anaesthetized using di-ethyl ether then decapitated.
Abdomen and chest were opened longitudinally, then while the heart was still beating a 12 gauge cannula was inserted in the right
atrium through a small incision using scalpel, to infuse a solution of normal saline containing 2.5% glutraldehyde and one ampule
of heparin directly in the heart to infuse the rat tissue with the fixative in order to avoid any destruction or changes in the ultra-
structure of cardiac myocytes. Immediately after perfusion of the fixative, heart was excised and a small piece (about 1x1x1 mm)
from myocardium of the left ventricle was cut and immersed in a dish containing 2.5% glutraldehyde solution then fixed in small
plastic pipes filled with 2.5% glutraldehyde for 1 to 2 hours, followed by post-fixation in 1% osmium tetroxide (in 0.1 M
phosphate buffer) for another 2 hours.

After dehydration in graded ethanol series, samples were placed into a tissue block or capsule and embedded using epoxy
resin, which may polymerize into a hard plastic appropriate for thin sectioning and staining for EM study. Osmium tetroxide
interacts vigorously with membrane lipids and proteins, according to Mark et al. (2014) ©. Osmium was a heavy metal enough to
give membranes and other cellular structures (that it binds to) some electron density.

To determine the area of interest and where to cut further, semi-thin sections of tissue stained with toluidine blue (0.5-1.0 um)
were employed as a reference, (reagents: 2% borate and 1% toluidine blue in distilled water). It was common practise to spread
ultra-thin sections (typically 60 nm for TEM) on 200 or 300 mesh copper grids and double-stain them with lead citrate and uranyl
acetate to improve contrast. This was accomplished simply by floating the grids (while sections face down) on stain droplets,
followed by water rinses. A Jem.1010 Transmition electron microscope (Germany) was used to analyse the incredibly thin
sections after that.
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Preparation of tissues for histological LM studies: After EM sampling, heart was removed and washed by normal saline to
remove the blood and then LV transverse sections were fixed in 10% formol saline for 24 hours according to Bancroft and
Gamble, 2008) " then washed in running tap water to remove the fixative from them, dehydration was done gradually in
ascending grades of alcohol by putting the tissues in 50% alcohol then in 70% alcohol and finally in 100% alcohol. Clearing of
the tissues was done to remove alcohol and to allow the fixed tissues to be miscible with xylol. Cleared fixed tissues were
imbedded in melted hard paraffin for an hour after being impregnated in melted soft paraffin for 24 hours at 50 °C. After that, the
specimens were put into moulds that were filled with melted hard paraffin. The casts and their contents were chilled on ice until
all of the paraffin solidified, forming blocks of stiff paraffin with the tissues inside. By using a rotatory microtome, each block of
hard paraffin was divided into slices that were just 5 micrometres thick. Then, albumin glycerin-smeared clean glass slides were
used to mount paraffin sections from each group, allowing a few albumin glycerin droplets to trickle beneath the section. The
slides were putted on a hot plate and then dried in the incubator for a number of hours. Hematoxylin and eosin stain was used to
study the general histological structure of cardiac myocytes; while Masson tri-chrome stain and Mallory tri-chrome stain were
used to study the distribution of collagen fibers between cardiac myocytes.

Morphological study: The parts of the cardiac muscle tissue were identified by color as follows: by hematoxylin and eosin
stain nuclei were stained blue and cytoplasm was stained red, while by Masson tri-chrome stain and Mallory tri-chrome stain
collagen fibers were stained blue, myocytes were stained red and interstitial space still white. All sections were photographed at
"the image analysis unit" of Al-azhar Faculty of Medicine in Cairo. Images were collected by using a video camera attached to a
Leica microscope (Leica Mikroskopie and Systems GmbH, Germany) and analyzed by computerized image analysis software
"Optimus software" (version 6.2.1, Media Cybernetics, USA). Two parameters were measured in the myocardium: cardiac
myocyte perimeter and total collagen area between cardiac myocytes.

1. Cardiac myocyte perimeter: the size (perimeter) of cardiac myocytes present in the wall of the heart was determined in all
groups of animals by analysis of at least 100 myocytes (from 5 different microscopic fields) per H&E-stained slide. Measuring
was done in four slides for each animal. The measurements were obtained from digitized images (40x magnification lens).

2. Total collagen area: total area of interstitial collagen fibers in the myocardium was determined in all groups of animals by
analysis of 35 microscopic fields per Masson’s trichrome and Mallory tri-chrome stained slides. The measurements were
obtained from digitized images (20x magnification lens).

Statistical analysis: Using Excel 2010, mean values, standard errors and P-values were calculated in all groups for the
following parameters:

= Body weight.

= Serum levels of lipid profile (total cholesterol, triglyceride, vLDL-c, LDL-c and HDL-c).

= Atherosclerotic indices (Castelli’s risk index "CRI", atherogenic coefficient "AC" and atherogenic index of plasma "AIP").

= Cardiac myocyte perimeter and percentage of total collagen area between cardiac myocytes.

To determine impact of obesity on lipid profile and atherosclerotic indices variables, ANOVA (one-way analysis of variance)
was used, with Tukey post-hoc test for multiple comparisons. Cardiac myocyte perimeter and total collagen area variables either
raw or transformed have violated the assumptions necessary to run the analysis of variance (normality of data and homogeneity of
variances). Therefore, non-parametric alternative Kruskal-Wallis test was used, accompanied by pairwise comparison using Mann
Whitney U test with Bonferroni correction. SPSS software (version 22; IBM Inc., Chicago, Illinois, USA) was used for analyses.
The possibility of 0.05 or less was considered significant.

RESULTS:

A. GENERAL RESULTS:

Behavior and appetite: Rats were quiet and easy to handle following injection with triton WR 1339; no injuries or fatalities
occurred. More food was required by all groups (+ 20 grams per rat per day for the treated group compared to + 14 grams per rat
per day for the control group) as a result of increase in their appetite. However, the recovery group's hunger was once more
reduced (by + 17 grams per rat per day). Skin and hair didn't alter at all.

Body weight: The treated group gained weight at a pace of up to 60 grams per week, while the control group gained weight at
a slower rate (about 30 grams per week). The recovery group started to lose weight (about 10 grams per week). Statistically, rats
of treated and recovery groups showed significant rise in their body weight when compared to the control one. However, the
recovery group showed significant decrease in their body weight when compared to the treated one (table 1 and chart 1).
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Table (1): Comparison between mean values, standard errors Body weight (grams)
and P-values of body weight in various groups 358

400 318

GI'OllpS BOdy Welght 300 242

(grams)

200

Control 242 £04.37 ¢ 100 B

Treated 358 + 1070 a 0 T T 1

R 318+ 08.15" Control Treated Recovery

Means with different superscript vary significantly (P < 0.05)
(a) High value - (d) Low value - (b) and (c) In between

Chart (1): A histogram comparing between mean values of
body weight in various groups

B. BIOCHEMICAL RESULTS:

Serum lipid profile: at the end of the experiment, the serum lipid profile was done for each rat. This profile includes serum level
of total cholesterol "TC", triglyceride "TG", very low density lipoprotein cholesterol "vLDL-c", low density lipoprotein
cholesterol "LDL-c" and high density lipoprotein cholesterol "HDL-c" (table 2 and chart 2).

The results observed in table (2) and chart (2) cleared that: the serum level of lipid profile (apart from high density lipoprotein
cholesterol "HDL-c" level) showed significant elevation in the treated group when compared to the control one. On the other side,
they showed significant reduction in the recovery group when compared to the treated one. In general, the serum level of these
chemicals still higher in all experimental groups when compared to the control group.

As regard to the serum level of high density lipoprotein cholesterol "HDL-c" the results observed in table (2) and chart (2)
revealed significant decrease in the treated group when compared to the control one. On the other side it showed a significant
increase in the recovery group when compared to the treated one. In general, the serum level of high density lipoprotein
cholesterol "HDL-c" still lower in all experimental groups when compared to the control group.

Table (2): Comparison between mean values, standard errors and P-values of serum lipids profile in various groups

G Total cholesterol Tri-glycerides vLDL-c LDL-c HDL-c

roups (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

Control 056.40 056.06 011.30 008.26 036.90
+03.25 ¢ +04.6] © +00.92 ¢ +02.46 © +01.61°

Treated 258.00 275.00 055.10 185.00 017.80
+1230° +12.10° +02.41° +14.30° +00.36°

Recover 166.00 131.00 026.20 107.00 033.60
J +05.25° +14.60° +02.92° +06.58 ® +02.08

Means with different superscript vary significantly (P < 0.05).
(a) High value - (d) Low value - (b) and (c) In between.

Atherosclerotic indices: after measuring the lipid profile (serum level of TC, TG, vLDL-c, LDL-c and HDL-c) for each rat at the
end of the experiment, atherosclerotic indices were calculated. They were considered as better markers for atherosclerotic lesion
extent based on serum lipids (table 3 and chart 3).

World Health Organization (1990) ® reported that: Castelli’s risk index "CRI", atherogenic coefficient "AC" and atherogenic
index of plasma "AIP" were more sensitive risk predictors for atherosclerotic cardiovascular disease.

1.Castelli’s risk index "CRI" is a more powerful coronary risk predictor than total cholesterol "TC", low density lipoprotein
cholesterol "LDL-c" and high density lipoprotein cholesterol "HDL-c" @,
2. Atherogenic coefficient "AC" mirrors the atherogenic tendency that entire lipoprotein fractions were bound to generate 19,

3. Atherogenic index of plasma "AIP" is a strong marker to predict the risk of atherosclerosis and coronary heart disease V. It

reflects the true relationship between protective and atherogenic lipoprotein and is associated with the size of pre- and anti-
atherogenic lipoprotein particle. It has been suggested that an AIP value of under 0.11 was associated with low risk of CVD, the
values between 0.11-0.21 and upper than 0.21 are associated with intermediate and increased risks of CVD, respectively 2,
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The results observed in table (3) and chart (3) cleared that: atherosclerotic indices (Castelli’s risk index "CRI", atherogenic
coefficient "AC" and atherogenic index of plasma "AIP") had a significant increase in the treated group when compared to the
control one. On the other side they had a significant improvement in the recovery group when compared to the treated group.

Serum lipid profile (mg/dl)

Control Treated Recovery

Control

300 s M Control
258
250 — M Treated
k4 Recovery
200
150 A
100 -
50 -
O .
Total cholesterol Tri-glycerides vLDL-c LDL-c HDL-c
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Total cholesterol (mg/dl) Tri-glycerides (mg/dl) vLDL-c (mg/dl)
275 55.1
300 258 300 60
200
100
O -
Control Treated Recovery Control Treated Recovery Control Treated Recovery
LDL-c (mg/dl) HDL-c (mg/dl)
200 a0 — 369 336
175
150
125
100
75
50 -
25 A

Treated Recovery

Chart (2): A histograms comparing between mean values of serum lipid profile in various groups

Table (3): Comparison between mean values, standard errors and P-values of Castelli’s risk index (CRI), atherogenic coefficient
(AC) and atherogenic indices (AIP) in various groups

Castelli’s risk index Atherogenic coefficient Atherogenic index of plasma
Groups "CRI" "AC" "AIP"
=TC/HDLc =(TC - HDLc) / HDLc¢ = log (TG / HDLc)
Control 01.53+0.03°¢ 00.53+0.03¢ 00.18 +0.05 ¢
Treated 14.60 £0.79 * 13.60 £0.79 2 01.19+£0.02*
Recovery 05.03+0.34° 04.03 £0.34° 00.58 £0.05°

Means with different superscript differ significantly (P < 0.05).
(a) High value - (d) Low value - (b) and (c) In between.
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Atherosclerotic indices
o 14.6 M Control
M Treated
i Recovery
1119 — —
0.18 I 0.58
Castelli’s risk index Atherogenic Coefficient Atherogenic index of plasma
Castelli’s risk index Atherogenic Coefficient Atherogenic index of plasma
20 15 13.6 1.4 1.19
s 14.6 | I 12
l I 10 1
10 038 0.58
5 4.03 0.6
04 1 0.18
0.53 0.2
0 - o -
Control Treated Recovery Control Treated Recovery Control Treated Recovery

Chart (3): A histogram comparing between mean values of Castelli’s risk index (CRI), atherogenic coefficient (AC) and
atherogenic index of plasma (AIP) in various groups

C. LIGHT MICROSCOPIC HISTOLOGICAL RESULTS:

Histological LM study of sections obtained from the myocardium of the experimental groups cleared that:

In the control group, sections stained with hematoxylin and eosin stain (figure 1A), revealed normal branched cardiac muscle
fibers with normal sarcoplasm filed with well-organized myofibrils without spaces or abnormal inclusion in-between. Nuclei
appeared normal and stained pale. No abnormal cellular infiltration in the interstitium. While sections stained with Masson’s
trichrome and Mallory’s trichrome stains (figure 1B and 1C), showed a very scanty amount of interstitial collagen fibers.

On the other hand, sections of the treated group stained with hematoxylin and eosin stain (figure 1D), revealed marked
abnormal changes in the cardiac muscle fibers included marked rise in the perimeter of myocardial cells compared to the control
group. Myofibril disorganization with absence of myofibrils in some parts of the sarcoplasm was also seen with presence of well-
circumscribed large vacuoles in the sarcoplasm (mostly lipid inclusions) and infiltration of the myocardium with fat cells.
Sections stained with Masson’s trichrome and Mallory’s trichrome stains (figure 1E and FH), showed large amounts of interstitial
collagen fibers compared to the control group.

However, in the recovery group, sections stained with hematoxylin and eosin stain (figure 1G), revealed mild decrease in the
perimeter of myocardial cell when compared to that of the treated group. Cells still had myofibril disorganization with absence of
myofibrils in some parts of the sarcoplasm and presence of well-circumscribed large vacuoles (mostly lipid inclusions). Some fat
cells were also seen between myocardial cells. Sections stained with Masson’s trichrome and Mallory’s trichrome stains (figure
1H and 1I), showed mild decrease in the amount interstitial collagen fibers compared to the treated group.
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Figure (1): Photomicrographs of myocardial sections obtained from left ventricles of various experimental groups and stained
by Hematoxylin and Eosin stain (upper row), Masson trichrome stain (middle row) and Mallory's trichrome stain (lower row). All
photomicrographs were magnified as 400x. (A): Left ventricular section from the control group demonstrated normal branced
cardiac muscl fibers "stars", normal sarcoplasm, central pale nuclei "arrows" and normal interstitium without cellular infiltration.
(B and C): Myocardial sections of the control group showed normal very scanty amount of collagen fibers. (D): Left ventricular
section from the treated group showed much disorganization of myofibril with intra-cytoplasmic vaculations "thin arrows" and
much fatty cellular infiltration (cells with signet ring appearance) "arrow heads". (E and F) Myocardial sections of the treated
group showed large amount of interstitial collagen fibers "double arrows". (G): Left ventricular section from the recovery group
showed less disorganization of myofibril with intracellular vaculations "thin arrows" and some fat cells (with signet ring
appearance) "arrow heads" between myocardial cells. (H and I) Myocardial sections of the recovery group showed mild decrease
of interstitial collagen fibers.
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Image analysis of our photographed histological sections was done using Optimus software (version 6.2.1, Media Cybernetics,
USA) to measure two histological parameters in the myocardium of each group: cardiac myocyte perimeter and total collagen
area between cardiac myocytes. The results (observed in table 4 and chart 4) revealed a significant increase in the cardiac
myocyte perimeter of the treated group when compared to the control one. On the other side, we detected a significant decrease in
the recovery group when compared to the treated group. However, the cardiac myocyte perimeter still significantly high in all
experimental groups (if compared to the control one).

. Cardiac myocyte perimeter (um)
Table (4): Comparison between mean values, standard errors ‘ 138 ‘
and P-values of cardiac myocyte perimeter in various groups 150
Groups | Cardiac myocyte perimeter (pm) 100
Control 080.0+2.82° 50 i
Treated 138.0+6.21% 0
T 121.0+£3.47° Control Treated Recovery
Means with different superscript vary significantly (P < 0.05). Chart (4): A histogram comparing between mean values of
(a) High value - (d) Low value - (b) and (c) In between. cardiac myocyte perimeter in various groups

As regard to the total collagen area of the myocardium (table 5 and chart 5), we detected a significant rise in the myocardium
of the treated group when compared to the control one. There was also a non-significant decrease in the recovery group when
compared to the treated group. In general, the total collagen area of the myocardium still significantly higher in all experimental
groups (if compared to the control one).

) Total collagen area (um2)
Table (5): Comparison between mean values, standard errors 46173

and P-values of total collagen area in various groups 50000

40000 — ‘—
Groups | Total collagen area (um?) 30000
20000

:t b
Control 01177 £ 00569 10000 W
Treated 46173 +£11380° 0
Recovery 33969 £ (09458 *

Control Treated Recovery

Means with different superscript vary significantly (P < 0.05). | Chart (5): A histogram comparing between mean values of total
(a) High value - (d) Low value - (b) and (c) In between. collagen area in various groups

D. ELECTRON MICROSCOPIC HISTOLOGICAL RESULTS:

Histological EM study of sections obtained from the myocardium of the experimental groups cleared that:

In the control group (Figure 2A), EM examination of ultra-thin sections revealed normal morphological appearance of plasma
membrane of cardiac myocytes with straight undulating aspects. The sarcoplasm of myocardial cell was filled with well-arranged
myofibrils (with well-defined sarcomeres) without areas of degeneration or vacuolization between myofibrils. Nuclei appeared
normal with smooth nuclear membrane and normally arranged euchromatin. Mitochondria appeared normal with thin lamellar
cristae, intercalated disc showed typical river shaped appearance while interstitium showed scanty interstitial collagen fiber
without fatty cellular infiltration or leucocytic infiltration.

In the treated group (Figures 2B, 2C and 2D), EM examination of ultra-thin sections of cardiac muscle revealed marked ultra-
structural abnormalities in the form of marked increased collagen fiber deposition in the interstitium with presence of large
vacuoles (mostly fatty cellular infiltrations) in the interstitium and even between myofibrils. There was also sever disorganization
of sarcomeres and myofilaments with absence of myofilaments in multiple areas associated with presence of many vacuoles
(mostly lipid droplets) in-between myofibrils and within dilated sarcoplasmic reticulum. Marked mitochondrial affection was also
seen in the form of mitochondrial rupture, decreased in mitochondrial number with swelled mitochondrial cristae.

In the recovery group (Figures 2E and 2F), EM examination of ultra-thin sections revealed slight improvement in the
interstitial collagen fiber deposition, absence of interstitial fatty cellular infiltration and moderate improvement in myofibrils.
However myofibrils still disorganized with abnormal sarcomeres and still had small areas of sarcoplasm without myofibrils.
Intercellular vacuoles disappeared and mitochondria started to increase in number however some mitochondrial rupture with
swollen cisternae still present. Intercalated disc still distorted with abnormal shape.
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Recovery 2 microns TEM Mag 5000x Recovery 2 microns TEM Mag 10000x

Figure (2): Magnified electron photomicrographs of cardiac myocytes obtained from ultra-thin sections of left ventricular
myocardium of various experimental groups. (A): EM of cardiac myocytes from the control group demonstrated normally
appeared myofibrils and sarcomeres "arrows" within cardiac sarcoplasm. Mitochondria "arrow heads" were normally arranged in-
between myofibrils. Normal interstitium with scanty amount of collagen fiber "CF" and normally appeared intercalated disc "long
arrow" was also seen (3000x). (B): EM of cardiac myocytes from the treated group showed sever dis-arrangement of myofibrils
and sarcomeres "arrows" with large vacuoles (mostly fat cells) between myofibrils and in the interstitium "long arrow". There was
also apoptotic cardiac myocyte "star" and degenerated swelled mitochondria "arrow head" (5000x). (C) and (D): Two EM of
cardiac myocytes from the treated group showed increased interstitial collagen fiber "CF" and intercalated disc "arrows" (8000x
and 12000x respectively). (E) and (F): Two EM of cardiac myocytes from the recovery group showed disorganized myofibrils
and sarcomeres "arrows", areas of myofibril absence within the sarcoplasm "arrow head", large amount of interstitial collagen
fiber "CF" and intercalated disc distortion "long arrows" (5000x and 10000x respectively).
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DISCUSSION:

Obesity is defined as an abnormal or excessive accumulation of body fat accompanied by a rise in body weight. Changes in
dietary habits, such as rise in the consumption of high-fat foods, were thought to be the root cause of this issue. Both in humans
and in animal models, obesity is significantly linked to functional and structural alterations in the heart ®. Obesity-related cardiac
remodelling and dysfunction are strongly influenced by oxidative stress and inflammation brought on by hyperlipidemia (3.
Obesity has a negative effect on the heart in the form of cardiac hypertrophy, cardiac apoptosis, cardiac fibrosis and subclinical
impairment of left ventricular function ¥,

Increased cholesterol and triacylglyceride levels in blood have been identified as a key risk factor for the development of
cardiovascular disease (CVD) in obese people. However, if blood level of LDL-c were high, cholesterol may be deposited in
many human tissues in addition to being consumed by tissues and returned to the liver 9. On the other hand, HDL-c utilises a
route known as reverse cholesterol transport to absorb cholesterol and transport it back to the liver for further processing or
excretion 19, Therefore, a drop in HDL-c is linked to a reduction in the elimination of cholesterol from extra hepatic tissues and a

rise in the risk of cardiovascular diseases 17.

According to Milada et al. (2011), atherosclerotic indices were related to the size of pre- and anti-atherogenic lipoprotein
particles and indicate the genuine link between protective and atherogenic lipoprotein 12, According to Gaojun et al. (2017) 0¥,
atherosclerotic indices may be more accurate than conventional lipid measures in predicting the risk of CVD. However, Alena et
al. (2021) ™ discovered a strong correlation between atherogenic index of plasma (AIP) and elevated plasma atherogenicity and
concluded that AIP can identify people who were more likely to develop CVD. AIP has a bright future in ordinary clinical
practise in this regard.

The objective of our research was the histological impact of obesity on the heart of albino rats at the level of light and electron
microscopy. In the current investigation, Triton (at a dose of 250 mg/kg) was injected intraperitoneally into 60 male albino rats
that were 120+5 grams and 5 weeks old. These rats were bred to exhibit obesity-related traits, including an increase in body
weight growth and incidence of hyperlipidemia. When we compared the treated group to the control group, we discovered a
significant rise in the body weight of the rats. These results were agreed with those of André et al. (2010) ®® who examined
cardiac remodelling in a "diet-induced obesity" rat model. The increase in body weight was probably due to increased adipose
tissue resulted from hyperlipidemia as observed in our results. This conclusion was also agreed with Gocmen et al. (2013) ?V who
reported that, the increase in the body weight induced by obesity was mainly due to increase in the adipose tissue. However, the
recovery group revealed a significant reduction in body weight when compared to the treated group.

In our study, rats given an intra-peritoneal injection of triton WR 1339 showed a significant increase (that was up to 4.5 times
higher than the control) in total cholesterol, triacylglycerol and vLDL-c. Moreover, there was a highly significant increase in
LDL-c (that was up to 22 times higher than the control). On the other side the treated rats exhibited a significant decrease in
HDL-c (up to 2 times lower than the control). The results demonstrated here were in accordance with those reported by Ciftci et
al., (2012) ®. However, the serum lipid profile of the recovery group was significantly improved, if compared to the treated
group, this improvement still lower than those of the control one. According to Kuroda et al. (1977) ®®, Triton WR 1339-induced
hyperlipidemia was caused by an inhibition of lipoprotein lipase (which is in charge of hydrolysing plasma lipids) and an increase
in 3-hydroxy, 3-methyl-glutaryl CoA (HMG-CoA) reductase activity.

Calculation of atherosclerotic indices by the levels of serum lipids in our study revealed significant increase of Castelli’s risk
index "CRI", atherogenic coefficient "AC" and atherogenic index of plasma "AIP" in the treated group if compared to those of the
control group. This elevation in atherosclerotic indices was reported also by Antonella et al., (2017) ®¥. In this study, there was a
strong relation between the elevation in atherosclerotic indices and the presence of histological changes in the heart. Similar
results were reported by Kuo Zhou et al., (2021) ®5 who stated that atherogenic index of plasma is a powerful and reliable
biomarker for predicting coronary artery disease risk in patients with type II diabetes mellitus. The recovery group revealed
significant improvement in in all atherosclerotic parameter compared to the treated group.

Morphological analysis of myocardial histology in our study showed a significant rise in the size of myocardial cells and a
significant increase in the total area of the collagen fibers in the myocardium of the treated group compared to those of the control
group. These results were nearly similar to those of Yuanyuan et al. (2015) ®®. Moreover, it was verified in another study done
by Yunpeng et al, (2017) ®) on obese rats feed high fat diet, that obesity caused increase in the cardiac cell size and
accumulation of collagen fibers in the cardiac interstitium, these findings were similar to our finding in this study. However our
results disagree with Carroll et al. (2006) ®® who report that there was insignificant increase in the size of myocardial cells and in
the total area of collagen fibers in the myocardium in Sprague-Dawley rats fed high fat diet for 12 week.
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The mechanism underlying myocardial cell hypertrophy was explained by Ira et al. (2012) ®, He claimed that too much fatty
acid oxidation results in the creation of reactive oxygen species, which can then cause mitochondrial malfunction and cardiac
hypertrophy. Moreover, the mechanism underlying the accumulation of collagen in the treated animals were explained also by
Pugliese et al. (1997) ®Y, who hypothesised that anomalies in insulin metabolism and insulin growth factors, such as
transforming growth factor beta-1 (which directly promote collagen expression) were related to the greater collagen content. The
increase in interstitial collagen fibres may also be caused by higher level of cytokines, endothelin and renin-angiotensin-
aldosterone, according to Cristina (2006) GV.

On the other side, we detected a significant improvement in the cardiac myocyte perimeter and a non-significant decrease in
the total collagen area of the myocardium in the recovery group when compared to the treated group. These results were agreed
with Yuanyuan et al. report (2015) ®9. The possible mechanism of this improvement was probably through reduction of serum
TC and TG and increasing serum level of HDL-c which in turn prevent fat deposition in myocardial cells.

The electron microscopic changes in myocardial cells of the treated group in our study were nearly similar to those of André
et al. (2010) @ who found marked abnormalities in the form of absence and/or disorganization of myofilaments, presence of
large amounts of lipid droplets between the myofibrils and mitochondrial abnormalities present as changes in their shape,
swelling of their cisternae and even mitochondrial rupture. The possible causes of these ultra-structural changes in our study was
probably due to increased intracellular accumulation of lipid inclusion, resulted from increased serum lipids and decreased serum
HDL-c (responsible for pick up cholesterol and TG from the peripheral tissue to the liver). Roger (1997) ? had suggested that
excessive lipid accumulation expands the intracellular pool of fatty acyl-coenzyme-A beyond the needs of the cell for oxidation,
providing a substrate for potentially harmful non-oxidative pathways such the creation of de novo ceramides ¥ and lipid
peroxidation 69,

SUMMARY AND CONCLUSION:

One of the main factors contributing to cardiovascular disease is obesity. This study looked at the impact of obesity on the
heart in male albino rats fed a standard laboratory diet and treated with Triton WR 1339 to cause obesity. Sixty male adult albino
rats were divided into 3 groups of 20 rats each. Group (1): negative control received normal diet only. Group (2): positive control
fed normal diet and received one intra-peritoneal Triton WR 1339 (250mg/kg). Group (3): fed normal diet and received one intra-
peritoneal Triton WR 1339 (250mg/kg) then left 4 weeks for spontaneous recovery. At the end of study each rat was weighed, its
serum lipid levels were assessed, atherosclerotic indices were calculated and the histological changes in the heart were analyzed
morphologically and statistically.

According to the our collected data, rats given triton WR 1339 treatment for 4 weeks tended to develop obesity-related traits,
including an increase in body weight, higher lipid profile levels, and cardiac remodelling. The recovery group showed significant
improvement in the body weight, in the levels of serum lipid profile and in atherogenic indices, it also showed insignificant
improvement in the cardiac total collagen area and significant improvement in the cardiac cell perimeter.

Finally, we recommend that, healthy diet program should be followed to avoid obesity and obesity related complications.
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