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ABSTRACT

Introduction: High fat induced (HFI) liver is associated with a high calorie intake and many other
diet-induced complications, such as metabolic syndrome and cardiovascular disease. HFI is the
most common chronic liver disease that develops due to high fat intake. A wide range of liver
injuries is associated with HFI, ranging from simple steatosis to nonalcoholic steatohepatitis
(NASH), advanced fibrosis and cirrhosis. The signs and symptoms of metabolic syndrome may be
induced in rats by feeding them a diet rich in carbohydrates and fat. The aim of the study is
Comparison of efficacy of the PAP (Papanicolaou) stain and H&E (Hematoxylin and eosin) stain in
identifying the various changes in liver samples of high fat diet induced rat.

Materials and Methods: Liver samples of Normal control group animal and High fat diet induced
animal were sectioned, weighed fixed 10% neutral buffer formalin and mounted in DPX compound.
Four micrometer sections were stained with hematoxylin-eosin and PAP stains for the histological
examination of micro-vesicular and macro-vesicular steatosis in the liver tissue. The grading of
steatosis was given from 0-3 based on the lipid accumulation (steatosis): grade 0 - absence; grade
1 - mild Steatosis (<30% hepatocyte); grade 2- moderate steatosis (30%-70% hepatocyte); grade3-
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compared.

in observing the various minute parameters.

severe steatosis (>70%hepatocytes). Efficacy of grade of PAP stain and H&E stain were accessed
and statistically evaluated by considering seven parameters and overall staining characters where

Results: Our present study evaluated high fat induced hepatic steatosis of H&E and PAP stain and
also evaluated efficacy of both the stain. In our study, Pie chart showing the percentage distribution
of Number of micro-vesicles about 70% represents greater than 30, 10% represents 30-70, 20%
represents less than 70 (Fig. 1). In our study 20% represents the greater than 30, 30% represents
the 30-70, 50% represents Less than 70 (Fig. 2). 30% represents mild steatosis, 20% represents
moderate steatosis, 50% represents Severe Steatosis (Fig. 3).

Conclusion: We demonstrated the comparative efficiency of the PAP and H&E high fat diet
induced rat liver by in vivo and conclude that both H&E and PAP stain has equal efficacy and clarity

Keywords: Papanicolaou; hematoxylin and eosin; innovative technique; high fat diet; steatosis.

1. INTRODUCTION

A high-fat diet (HFD) is a diet consisting of at
least 35% of total calories consumed from fats,
both unsaturated and saturated [1]. In addition to
the popular processed foods, many other foods
have a high fat content including but not limited
to animal fat, chocolate, butter, and oily fish [2].
In a previous study, it was observed that High fat
induces  significant  lobular  inflammation,
hepatocellular necrosis, hepatocellular
ballooning, portal tract inflammation, pericellular
and portal fibrosis as described. Also liver
collected from rats in different stages of
experiment. Many previous studies performed on
mice and rats suggested that obesity can be
induced by a high fat diet [3].

High-fat diet intake allows animals to develop
obesity, hyperinsulinemia, hyperglycemia,
hypertension, and liver damage, similar to the
phenotype observed in rats with HFD. Thus,
review studies that use this model to study the
effects of lipid intake [4]. Consuming a high-fat,
high-sugar diet causes a harmful accumulation of
fat in the liver that may not reverse even after
switching to a healthier diet, A high-fat diet
causes liver injury in rats leading to periportal
fibrosis. A role for oxidative stress is suggested
via increased NADPH oxidase activity, lipid
peroxidation, protein carbonyl formation, and low
antioxidant defense [5].

Steatosis (fatty liver) is commonly caused by
insulin resistance due to obesity. Histologically, it
is characterized as hepatocytes containing
excess fat and appearing to have multiple round,
empty vacuoles in the cytoplasm [5,6]. Hepatic
steatosis is an intrahepatic fat of at least 5% of
liver weight. Simple  accumulation  of
triacylglycerols in  the liver could be

hepatoprotective; however, prolonged hepatic
lipid storage may lead to liver metabolic
dysfunction, inflammation, and advanced forms
of nonalcoholic fatty liver disease [7].

Micro-vesicular steatosis is characterized by the
presence of numerous small vesicles of fat that
do not displace the nucleus. Macro-vesicular
steatosis is characterized by engorgement of the
hepatocyte by a large fat globule that displaces
the nucleus [8]. Macro-vesicular steatosis is the
most common form and is histologically
characterized by hepatocytes containing a single
vacuole of fat filling up the hepatocyte and
displacing the nucleus to the cell's periphery.
Macro-vesicular steatosis is typically caused by
alcohol, diabetes, or obesity. The term "micro-
vesicular steatosis of the liver" refers to a variant
form of hepatic fat accumulation whose histologic
features contrast with the much more common
macro-vesicular steatosis [9].

Hepatic tissue analysis from rats fed with HFD
(High Fat Diet) revealed a progressive increase
in steatosis and inflammatory damage in
comparison with control diet fed animals.
Hematoxylin-eosin-stained liver samples
obtained from the two groups fed HFD showed
initial signs of liver inflammation characterized by
the presence of mixed inflammatory cell
infiltration and hepatocyte necrosis or apoptosis
which appeared throughout the lobule and more
evident at 8 weeks. HFD rats showed
progressive time-dependent steatosis (from
grade 2 to grade 3) with a histological pattern
characterized by micro-vesicular steatosis,
already evident after 5 weeks of HFD [10]. The
hepatocytes showed the cytoplasm filled with
small vacuoles which were uniform in size and
smaller than the centrally located nucleus. No
alterations were observed in the liver of the rats
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fed with the control diet. To further characterize
the progressive steatosis and inflammation, we
assayed hepatic triglycerides, which were
significantly increased in 8 weeks HFD-fed
animals. The accumulated lipids induce oxidative
stress, resulting in production of cytokines and
reactive oxygen species which in turn activate
apoptosis thereby initiating a sequence of
disease events from steatosis to nonalcoholic
steatohepatitis [11].

PAP (Papanicolaou) stain is a polychromatic
multi-colored stain that differentially stain various
components. It is a histological and
cytopathological staining technique used to
differentiate cells in a smear preparation [12]. It is
mainly used for oral and cervical cancer
screening in asymptomatic populations and in
the follow up of patients with cancer.
Hematoxylin and Eosin (H&E) staining is used
routinely in histopathology laboratories as it
provides the pathologist/researcher a very
detailed view of the tissue. It achieves this by
clearly staining cell structures including the
cytoplasm, nucleus, and organelles and
extracellular components [13,14].

The challenges faced by others was that cell
sections are prepared and shown by the
morphological abnormalities. The novelty of the
research is the comparison of the efficacy of PAP
and H&E stains in rat liver samples in analyzing
the micro-vesicular and macro-vesicular changes
and deficiency is fulfilled to identify the specificity
and sensitivity of PAP and H&E stain liver
structures. The aim of the study is Comparison of
efficiency of the PAP and H&E in identifying the
various changes in liver samples of high fat diet
induced rat.

2. MATERIALS AND METHODS

Liver samples of Normal control group animal
and High fat diet induced animal were included in
the present study (normal control group - 5 rat
archives and high fat diet induced - 5 rat
archives), Sectioning samples were collected
from randomly 10 rat liver samples was
examined at Pink Lab of Saveetha Dental
College and Hospitals, Saveetha Institute of
Medical and Technical Sciences. The inclusion
criterion for choosing the sample was the high fat
induced rat liver. It's a cross-sectional in vivo
study. The sample was taken from a total of ten
rat archival blocks. The validation of the
procedure was given by a research guide. The
data collected and tabulated in excel
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spreadsheet and statistical analysis were done
by SPSS - Version 23. The high fat induced liver
rat samples and healthy rat liver samples are
included in the study. Key risk factors like over
weighted and an altered dietary pattern are
excluded.

Liver samples of Normal control group animal
and High fat diet induced animal were sectioned,
weighed and fixed 10% neutral buffer formalin

and mounted in DPX compound. Four
micrometer  sections were stained with
hematoxylin-eosin and PAP stains for the

histological examination of micro-vesicular and
macro-vesicular steatosis in the liver tissue. Our
present study evaluated the grading of steatosis
based on the lipid accumulation (steatosis):
grade 0 - absence; grade 1 - mild Steatosis
(<30% hepatocyte); grade 2- moderate steatosis
(30%-70% hepatocyte); grade3- severe steatosis
(>70%hepatocytes). Efficacy of grade of PAP
stain and H&E stain were accessed and
statistically evaluated by considering seven
parameters and overall staining characters
where compared. Grading was given based on
the number of lipid micro-vesicular and macro-
vesicular steatosis in the liver. The level of
significance obtained with both inter and intra
observer counting of lipid vacuoles.

2.1 Hematoxylin and Eosin
Procedure

Staining

The first step in performing an H&E stain, the
slide has been kept in the suitable adhering
agents, then slightly warm to melt the wax off,
remove the wax with xylene by 3 changes and
also with propanol for 3 changes, bring the
smear to the water for 3 minutes, dip the smear
in rapid nuclear strain for 60 sec then add 3
drops of scott's tap water buffer and wash after
10 seconds, dip the smear in eosin stain for 60
sec and also wash the smear for 15 sec to
remove the excess water, finally clear with
propanol then with xylene and mount with
DPX.

2.2 PAP Staining Procedure

Hydrate the fixed smear for 3-5 minutes in tap
water and blot out excess water from the slide.
Keep the slide on a staining rack and add a few
drops of nuclear stain rapid PAP (R1) to cover
the smear. Wait for 60 seconds and wash in
running tap water. Add 3-5 drops of wash Buffer
(R7) and wash after 20 Sec. Blot out excess
water from the slide. Dehydrate with RAPID-PAP
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DEHYDRANT (R5) for 60 seconds. keep the
slide on a staining rack and add a few drops of
working CYTOPLASM STAIN (R2A+R2B) to
cover the smear. Wait for 60 seconds. Wash in
tap water, blot out excess water from the slide
and may see under microscopy (unmounted). If
the smear requires mounting, dehydrate with
RAPID-PAP DEHYDRANT (R5) for 60 seconds
and dry in the air. Rinse with Xylene (R6).
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Mount with cover glass using a drop of
D.P.X.(R4).

3. RESULTS

Our present study evaluated high fat induced
hepatic steatosis of H&E and PAP stain and also
evaluated efficacy of both the stain. The study
implies the high-fat diet induced resistance to
insulin in diabetic rat models.

Table 1. Table showing lipid Inclusion in PAP stain

Samples No. of micro-vesicles No. of macro-vesicles Grade

1 <30 30-70 Moderate steatosis
2 <30 >70 Severe steatosis
3 >70 <30 Mild steatosis

4 >70 <30 Mild steatosis

5 <30 >70 Severe steatosis

6 <30 >70 Severe steatosis

7 <30 30-70 Mild steatosis

8 <30 >70 Severe steatosis

9 <30 30-70 Moderate steatosis
10 =30 >70 Severe steatosis
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Plate 1. Photomicrograph showing la: Lipid accumulation around the nucleus (H&E,40x), 1b:
Micro-vesicular and focal macro-vesicular steatosis (H&E,40x), 1c: Coalesced hepatocytes
with moderate steatosis (H&E,40x) , 1d: Liver parenchyma with hepatic vein (H&E,40x)
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Plate 2. Photomicrograph showing 2a: Liver parenchyma exhibiting steatosis, portal triad and
congested sinusoids (PAP,10x), 2b: Liver parenchyma with moderate to severe steatosis
(PAP,40x), 2c: Macro-vesicular steatosis with lipid accumulation in the cytoplasm and
peripherally pushed nucleus (PAP,40x), 2d: Hepatocytes showing perinuclear lipid
accumulation (PAP,40x)

Number of microvesicles

Fig. 1. Pie chart showing percentage distribution of Number of micro-vesicles; 70% (Blue
colour) represents the greater than 30, 10% (green colour) represents the 30-70, 20% (beige
colour) represents less than 70
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Number of macrovesicles

M-30
H30-70
O<70

Fig. 2. Pie chart showing percentage distribution of Number of macro-vesicles; 20% (Blue
colour) represents the greater than 30, 30% (green colour) represents the 30-70, 50% (beige
colour) represents Less than 70

Grade

Cmild steatosis
CImoderate steatosis
W severe steatosis

Fig. 3. Pie chart showing percentage distribution of Grade. 30% (Lavender colour) represents
mild steatosis, 20% (Yellow) represents moderate steatosis, 50% (Maroon colour) represents
Severe Steatosis
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Grade
a W 0o
I mild steatosis
O] moderate steatosis
M scvere steatosis

Grade

I
30-70
Mumber of microvesicles

Errar Bars: 95% ClI

Fig. 4. The above error graph depicts the number of micro-vesicles and Grade. 10% (green
colour) represents mild steatosis, 20% (Beige colour) represents moderate steatosis, 40%
(Purple colour) represents severe steatosis with number of micro-vesicles >30. 10% (purple
colour) represents severe steatosis with number of micro-vesicles 30-70. 20% (green colour)
represents mild steatosis with number of micro-vesicles <70

Grade

i H 00

8 [ mild steatosis
Cmoderate steatosis
Wl scvere steatosis

5

Grade

2

T
30-70 <70
Number of macrovesicles

Error Bars: 95% CI

Fig. 5. The above error graph depicts the number of macro-vesicles and Grade. 20% (green
color) represents mild steatosis with number of macro-vesicles >30. 10% (green color)
represents mild steatosis and 20% (beige color) represents moderate steatosis with number of
micro-vesicles 30-70. 50% (purple color) represents severe steatosis with number of macro-
vesicles <70
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8.001
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0.00-

stains used

Fig. 6. Bar Chart depicts the association between stain used (X-axis) and grades (Y-axis). In
this bar graph it is evident that the Parenchyma 100% strongly agree for Hematoxylin and
eosin staining and 80% agree and 20% strongly agree in PAP staining

Stronglyagree
agree
disagree

stronglydisagree

10.00

8.009

6.00

Grade

4.00

2.004

H&E PAP

stains used
Fig. 7. Bar Chart depicts the association between stain used (X-axis) and Grade (Y-axis). In this

bar graph it is evident that the Hepatocytes 100% strongly agree for Hematoxylin and eosin
staining and 100% Strongly agree in PAP staining
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Fig. 8. Bar Chart depicts the association between stain used (X-axis) and Grade (Y-axis).In this
bar graph it is evident that the Central vein 100% strongly agree for Hematoxylin and eosin
staining and 90% Strongly agree in PAP staining and 10% agree in PAP stain

Stronglyagree
agree
disagree
10.00 stronglydisagree
8.00
6.00
Q
T
(]
S
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4.007
2.00
0.00-

stains used

Fig. 9. Bar Chart depicts the association between stain used (X-axis) and Grade (Y-axis). In
this bar graph it is evident that the Portal vein 100% strongly agree for Hematoxylin and eosin
staining and 90% Strongly agree in PAP staining and 10% agree in PAP stain
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Fig. 10. Bar Chart depicts the association between stain used (X-axis) and Grade (Y-axis). In
this bar graph it is evident that the Sinusoids 100% strongly agree for Hematoxylin and eosin
staining and 100% Strongly agree in PAP staining

E&rmyagree
agree
disagree
10.00 stronglydisagree
.00
3
s 6.007
(5
4.007
2,004
0.00-
stains used
Fig. 11. Bar Chart depicts the association between stain used (X-axis) and Grade (Y-axis). In

this bar graph it is evident that the Bile duct 100% strongly agree for Hematoxylin and eosin
staining and 90% Strongly agree in PAP staining and 10% agree in PAP stain
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stains used

Fig. 12. Bar Chart depicts the association between stain used (X-axis) and Grade (Y-axis). In
this bar graph it is evident that the Hepatic vein 60% strongly agree for Hematoxylin and eosin
staining and 40% agree for Hematoxylin and eosin staining and 80% strongly agree for PAP
stain and 20% agree for PAP Staining

Stronglyagree
agree
disagree
10.004 stronglydisagree
8.00
(]
T
g
o 6.00
4.004
2,00
0.00-

stains used

Fig. 13. Bar Chart depicts the association between stain used (X-axis) and Grade (Y-axis). In
this bar graph it is evident that Steatosis 60% strongly agree for Hematoxylin and eosin and
10% agree Hematoxylin and eosin and 20% disagree Hematoxylin and eosin and 10% strongly
disagree for Hematoxylin and eosin.70% strongly agree for PAP Stain, 10% agree for PAP
Stain,10% disagree for PAP Stain and 10% strongly disagree for PAP Stain
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4. DISCUSSION

In our study, comparison of efficiency of the PAP
and H&E in identifying the various changes in
liver samples of high fat diet induced rat showed
the percentage distribution of Number of micro-
vesicles about 70% represents greater than 30,
10% represents 30-70, 20% represents less than
70 (Fig. 1). In our study 20% represents the
greater than 30, 30% represents the 30-70, 50%
represents less than 70 (Fig. 2). 30% represents
mild steatosis, 20% represents moderate
steatosis, 50% represents severe steatosis (Fig.
3). Error graph depicts the number of micro-
vesicles and Grade about 10% represents mild
steatosis, 20% represents moderate steatosis,
40% represents severe steatosis with number of
micro-vesicles is >30. Number of micro-vesicles
is 30-70 - 10% represents severe steatosis with
number of micro-vesicles is 30-70. 20%
represents mild steatosis with the number of
micro-vesicles is <70(Fig. 4). In our study 20%
(green colour) represents mild steatosis with
number of macro-vesicles >30. 10%(green
colour) represents mild steatosis with number of
micro-vesicles 30-70. 50% (purple colour)
represents severe steatosis with number of
macro-vesicles <70 (Fig. 5). In this bar graph it is
evident that the Parenchyma 100% strongly
agree for Hematoxylin and eosin staining and
80% agree and 20% strongly agree in PAP
staining (Fig. 6). In this bar graph it is evident
that the Hepatocytes 100% strongly agree for
Hematoxylin and eosin staining and 100%
Strongly agree in PAP staining (Fig. 7). In this
bar graph it is evident that the Central vein 100%
strongly agree for Hematoxylin and eosin
staining and 90% strongly agree in PAP staining
and 10% agree in PAP stain (Fig. 8). In this bar
graph it is evident that the Portal vein 100%
strongly agree for Hematoxylin and eosin
staining and 90% strongly agree in PAP staining
and 10% agree in PAP stain (Fig. 9). In this bar
graph it is evident that the sinusoids 100%
strongly agree for Hematoxylin and eosin
staining and 100% strongly agree in PAP
staining (Fig. 10). In this bar graph it is evident
that the Bile duct 100% strongly agree for
Hematoxylin and eosin staining and 90%
Strongly agree in PAP staining and 10% agree in
PAP stain (Fig. 11). In this bar graph it is evident
that the Hepatic vein 60% strongly agree for
Hematoxylin and eosin staining and 40% agree
for Hematoxylin and eosin staining and 80%
strongly agree for PAP stain and 20% agree for
PAP Staining (Fig. 12). In this bar graph it is
evident that the Steatosis 60% strongly agree for
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Hematoxylin and eosin and 10%
Hematoxylin and eosin and 20% disagree
Hematoxylin and eosin and 10% strongly
disagree for Hematoxylin and eosin.70% strongly
agree for PAP Stain, 10% agree for PAP
Stain,10% disagree for PAP Stain and 10%
strongly disagree for PAP Stain (Fig. 13).

agree

Long-term intake of a high-fat diet combined with
high fat induced rats results in an energy
imbalance, obesity, and an increased risk of liver
disorders. The primary cause of metabolic
syndrome is high fat diet, which is a major risk
factor for the development of HFI. The
accumulated lipids induce oxidative stress,
resulting in production of cytokines and reactive
oxygen species which in turn activate apoptosis
thereby initiating a sequence of disease events
from steatosis to HFI. To evaluate the
longitudinal changes in liver fat content and
unsaturation, on rodents fed with a high-fat diet.
HFD is a significant source of fatty acids taken
up by the liver. We identified the specific lipid
species that are altered in the liver of HFD fed
animals due to high fat diet and fatty liver
conditions predisposed to high fat induced diet
[15].

A number of studies have shown that resistance
to a high-fat diet plays a significant role in the
development of HFI. Unfortunately, medications
that enhance insulin sensitivity have yet to show
a significant impact on NAFLD. Octreotide is
commonly used in clinical medicine to treat acute
pancreatitis and gastrointestinal bleeding [16]. In
our study, high-fat diet intake causes obesity,
hyperinsulinemia, hyperglycemia, hypertension,
and liver damage in animals, which is identical to
the phenotype seen in rats on the HFD.

A previous study found that octreotide could help
rats with HFD-induced obesity lose weight and
improve their metabolism and oxidative stress. A
prior study in rats with diet-induced obesity
corroborated the action of octreotide, including
weight reduction, decreased blood glucose and
insulin concentrations with enhanced insulin
sensitivity [16,17]. In the current study, high-fat
food intake causes obesity, hyperinsulinemia,
hyperglycemia, hypertension and liver damage in
animals, which is comparable to the phenotype
seen in rats on the HFD.

The results of the previous study showed that
ipGTT (Intraperitoneal Glucose Tolerance Test )
and ipITT (Intraperitoneal Insulin Tolerance Test)
further demonstrated that octreotide improves
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Table 2. Table showing the findings obtained in various other studies

Author Name Year Study Observation
Shoumen Lasker et al., [1] 2019 High-fat diet-induced metabolic syndrome and oxidative stress in To determine the effects of yogurt supplementation on fat deposition,
obese rats are ameliorated by yogurt supplementation oxidative stress, inflammation and fibrosis in the liver of rats with high-
fat diet-induced obesity.
Xiao-Xia Wang et al.,[4] 2017 Effects of octreotide on hepatic glycogenesis in rats with high fat octreotide improved hepatic glycogenesis and decreased FPG
diet-induced obesity concentration in rats with HFD-induced obesity.
Jadegoud Yaligar et al.,[9] 2014 Evaluation of Dietary Effects on Hepatic Lipids in High Fat and They demonstrated the early changes in saturated and unsaturated
Placebo Diet Fed Rats by In Vivo MRS and LC-MS Techniques lipid composition in fatty liver by in vivo MRS and ex vivo LC-MS.
Zuhal Altunkaynak et al.,[45] 2005 Effects of high fat diet induced obesity on female rat livers - A It was purposed to examine histological effects of fatty diet induced
histochemical study. obesity on liver from female obese rats.
Murali Krishna M.D et al., [11] 2013 Role of special stains in diagnostic liver pathology Diagnostic evaluation of liver tissue is largely based on a thorough
examination of sections stained with hematoxylin and eosin (H&E).
M N Berry et al.,[46] 2002 High-yield preparation of isolated rat liver parenchymal cells: a The present paper describes this method and also describes the fine
biochemical and fine structural study. structure of the cells at several stages during the preparative
procedures.
G GODLEWSKI, et al., [16] 1997 Liver development in the rat and in man during the embryonic In rats, concerning liver development were somewhat imprecise
period (Carnegie stages 11-23) because the embryonic period was very short and most of the
descriptions were established on the observation of a few embryos
Anayt Ulla, et al.[47] 2017 Supplementation of Syzygium cumini seed powder prevented The present study,shows the ameliorative potential of Syzygium
obesity, glucose intolerance, hyperlipidemia and oxidative stress in cumini seed powder on HFD induced glucose intolerance,
high carbohydrate high fat diet induced obese rats dyslipidemia, oxidative stress, inflammation and fibrosis in liver.
Chin-Lin Hsu et al.,[48] 2017 Effect of gallic acid on high fat diet-induced dyslipidemia, These results demonstrate that intake of GA can be beneficial for the
hepatosteatosis and oxidative stress in rats suppression of HFD-induced dyslipidemia, hepatosteatosis and
oxidative stress in rats.
Panchal, S.K et al., [49] 2012 Ellagic acid attenuates high-carbohydrate, high-fat diet-induced This study has investigated the responses to ellagic acid, present in

metabolic syndrome in rats

many fruits and nuts, in a diet-induced rat model of metabolic
syndrome.
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insulin sensitivity in HFD-induced obese rats
[18].The effect of H&E and PAP Stain efficacy of
the high fat diet induced and insulin
concentrations was explored in this study, which
revealed that a high fat diet increases high fat
induced.

The previous study demonstrated that rats with
Fat induced by intravenous ALX presented
biochemical changes in blood and morphological
and ultrastructural lesions in the liver that largely
resembled chronic liver disease in humans [19].
In the present study, Liver changes ranged from
the fatty degeneration of liver cells to
steatohepatitis and periportal fibrosis. The
present study showed mild, moderate and severe
steatosis in the error bar graph association
between the micro-vesicles and grade. More
consumption of a high-carbohydrate diet and
limited physical activity leads to an energy
imbalance, followed by obesity and an increased
risk of obesity-associated diseases. High fat diet,
the critical risk factor for the development of HFI,
is the primary cause of metabolic syndrome [20].
In our study a high fat diet leads to an increased
risk factor of rat livers and leads to liver
diseases.

A previous study suggested that octreotide may
reduce the weight of rats with HFD-induced
obesity and improve metabolism and oxidative
stress disorders. An additional previous study
confirmed the function of octreotide in rats with
diet-induced obesity, including weight loss,
decreased blood glucose, insulin concentrations
and increased insulin sensitivity [20,21]. The
present study, investigated the role of high fat
intake in rats and obesity, revealing that
overweight, altered diabetes and increased
insulin sensitivity.

In our study consumption of a high-fat and high-
energy diet is considered a major cause of the
development of these complications. As shown in
the previous study, rats that consumed a high-fat
diet developed glucose intolerance, dyslipidemia
and oxidative stress in the liver. Moreover, yogurt
supplementation  prevented the  glucose
intolerance and decreased plasma lipid levels in
high-fat diet-fed rats [22]. Yogurt
supplementation also prevented oxidative stress
and decreased lipid peroxidation in the plasma
and liver by restoring the cellular antioxidants.

Rats that consumed a high-fat diet exhibited
increased plasma glucose levels and plasma
lipid levels, including cholesterol and triglyceride
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levels. The saturated fats present in the high-fat
diet are responsible for the increase in the
glucose and lipid profiles. According to previous
studies, rat fed a high-fat diet display increased
serum glucose concentrations. Rats fed a high-
fat diet also developed glucose intolerance and
were unable to properly utilize glucose to
establish homeostasis after a glucose challenge
[23].

A previous study demonstrated that increased
insulin-induced gluconeogenesis and decreased
glycogen synthesis are the major factors
underlying the development of type 2 diabetes.
These studies may explain the association
between GSK3pB activity, GS mRNA expression,
hepatic glycogen synthesis and plasma glucose
levels in obese rats [24]. The current study may
explain the high fat induced diet of the rat liver
and major risk factors due to obesity, overweight
and altered dietary patterns. Our team has
extensive knowledge and research experience
that has translate into high quality publications
[25-39],[40—44] Study was limited to 5 high fat
diet induced liver samples of rat further future
study on diabetic rat with high fat induced insulin
resistance should be included in the study.
Based on the amount of food consumed, diabetic
rats treated with Alogliptin received about 10-20
mg/kg rat per day.

5. CONCLUSION

We demonstrated the comparative efficiency of
the PAP and H&E high fat diet induced rat liver
by in vivo and conclude that both H&E and PAP
stain has equal efficacy and clarity in observing
the various minute parameters. Further, the
perinuclear lipid accumulation was more
appreciable in PAP stained sections. Also we
detected important histological features such as
micro-vesicular steatosis, macro-vesicular
steatosis, sinusoids hepatocytes and portal vein
and lipid accumulation in the nucleus. We had
the chance to examine the course of liver
damage closely.
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