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ABSTRACT. Researchers attempted to obtain animal models that experienced hypercholesterolemia and 

led to liver damage to determine the performance of the liver. Rats were chosen because of the ease of 

handling, collecting organ and blood samples. Still, their high price and availability that are more difficult 

to find have made some researchers look for alternatives to other animal models such as mice. This study 

aims to determine the role of a modified high-fat diet as an alternative diet for mice to experience hepar 

damage. Male mice treated for four and eight weeks with a modified high-fat diet were sacrificed for their 

liver, then they were tested for histopathology using the paraffin method and HE staining. The 

characterization of hepar damage traits was carried out to score the degree of parenchymal degeneration, 

hydropic degeneration, and necrosis. The results showed that the control group, four and eight weeks of 

atherogenic diet had more than 50% cell damage, presumably due to the role of the starch mixture in feed 

as a source of carbohydrates through the mechanism of converting carbohydrate pathways into fat which 

damages liver cells. 
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INTRODUCTION 

Due to plaque buildup, hardening the artery 

walls is a common disease with more than two 

million cases per year in Indonesia with 

prevalence reaching 1.5-2% and exacerbated by 

COVID-19 infection (Kementerian Kesehatan, 

2021). It is the forerunner of coronary heart 

disease with high mortality and morbidity rates. 

The risk factors that support the number of 

sufferers of this disease are smoking habits, 

hypertension, diabetes, and an unbalanced diet 

rich in fat that causes blood lipid levels to 

become abnormal (Bhupathiraju & Tucker, 

2011; Santoso et al., 2020). Abnormal levels of 

lipids in the blood due to an increase in the 

amount of cholesterol, modified lipids, and 

lousy fatty acids, which then increase 

inflammatory reactions in blood vessels, are 

one of the factors that increase atherosclerotic 

progression that causes plaque to appear 

(Murakami et al., 2016; Poston, 2019). The 

process of changing the lipid substance and the 

inflammatory reaction is facilitated by the 

secretory phospholipase A2 (sPLA2) enzyme 

group (Murase et al., 2016), which plays a role 

in forming atherosclerotic plaque in blood 

vessels and its prevention (Lind et al., 2012; 

Rosenson & Hurt-Camejo, 2012). 

Accumulation of fat levels can also occur in the 

liver, which causes fatty liver. Fatty liver 

disease is a term used to indicate a condition 

when there is an excessive accumulation of fat 

in the liver (Maurice & Manousou, 2018). This 

condition makes it difficult for the liver to 

work. 

Research on fatty liver and 

hypercholesterolemia uses many experimental 

animals, like mice, rats, and other primates. The 

degree of steatosis, lobular inflammation, and 

ballooning hepatocytes on the results of liver 

histopathology tests can be utilized to diagnose 

(Adiwinata et al., 2015), which are further 

classified as parenchymatous degeneration, 

hydropic degeneration, and necrosis. Hydropic 

degeneration is also known as ballooning, toxic 

cell swelling, vacuolar degeneration, or 

hydropic changes. Although this sort of liver 

cell damage is not lethal, it can serve as a 

precursor to necrosis and cell lysis if it persists. 

Hydropic degeneration is indicated by cells 
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with wide cavities, separate organelles, and 

irregularly stacked (Abdelzaher et al., 2018; 

Asuzu et al., 2019). Parenchymatous 

degeneration is also characterized by vacuolar 

swelling (Stanek et al., 2015). Liver cell 

necrosis shows swollen cells that secrete 

evisceration, eosinophilia, karyolysis, and 

induce inflammation (Al-Griw et al., 2016). 

One of the methods for inducing liver 

damage in mice or other experimental animals 

is to feed them a high-fat diet. A previous study 

on modified high-fat diet in mice was carried 

out by Lee et al. (2011), the chemically-

modified resistant starch type-4 and high-

amylose corn starch was capable to reduce the 

level of total lipid and total cholesterol. 

Followed by Zheng et al. (2020) which used 

rice starch oleic acid complex as a 

supplementary diet for rats fed with high-fat 

diet that was able to lose their weight and 

correlated with HDL-c and SOD levels. This 

study aims to determine the role of a modified 

high-fat diet as an alternative diet for mice to 

experience hepar damage. In this case, the 

authors developed a modified high-fat diet 

capable of inducing liver damage in mice as a 

substitute for rats, which are more expensive 

and difficult to obtain as laboratory animals. 

This modified high-fat diet could be duplicated 

as a new alternative composition diet to induce 

liver damage in mice. 

 

MATERIALS AND METHODS 

This research was conducted in July–

November 2020. The maintenance of 

experimental animals was carried out at the 

Laboratory of Zoology, Faculty of Mathematics 

and Natural Sciences, Universitas Lampung, 

and histopathological tests of liver organs were 

carried out at the Veterinary Center of 

Lampung Province.  

Animals and experimental design. A 

total of 15 healthy male mice (Mus musculus 

L.) aged two-three months weighing 35-40 

grams were used as animal models; for four and 

eight weeks, they were given animal feed 

consisting of PAR-S feed (JAPFA® Comfeed), 

quail egg yolk cholesterol, wheat flour, and 

pork oil. Experimental animals were grouped 

into three treatment groups: control mice, mice 

with an atherogenic diet for four weeks, and 

mice with an atherogenic diet for eight weeks. 

The composition of the high-fat and 

atherogenic diet is shown in Table 1. The 

experimental group feed was added with pork 

oil and quail egg yolk as a source of cholesterol 

which is expected to provide a more 

atherogenic condition in the feed (Murwani et 

al., 2013). 

 
Table 1. Modified high-fat and atherogenic diet 

composition. 

Composition 
Grup 

Control  4 weeks 8 weeks 

Comfeed 

broiler 
53% 50% 50% 

Wheat flour 

(starch) 
24% 25% 25% 

Lard oil 0% 10% 10% 

Yolk quail 0% 5% 5% 

Water 24% 10% 10% 

 

Histopathological preparation. After the 

specified time (four and eight weeks), the liver 

was taken from the mice for making 

histopathological preparations at the next stage. 

The liver tissue obtained was soaked in a 

fixative solution for 24 h, then the organs were 

cut with a size of 5 × 5 cm and soaked in 70% 

alcohol for 24 h. The next step is dehydration, 

the tissue is immersed in 70%, 80%, 90%, 96%, 

and 100% alcohol for 30 min. Next is the 

immersion of the tissue in a combination of 

alcohol:xylene (3:1, 1:1, 1:3, and 0:1) for 15 

min each. Then the paraffin blocks were 

molded and cut using a microtome with a 

thickness of 3µm. The tissue slices were then 

attached to an object glass, and then the tissue 

was immersed in xylene I and II for 15 min 

each. After that, it was soaked again in 100%, 

96%, 90%, 80%, and 70% alcohol for 5 min, 

then soaked in clean water for 1 min, 

hematoxylin for 15 min, rinsed with running 

water for 1 min, soaked in eosin for 5-10 s, 

immersed in 70% alcohol I enough to rinse off 

the color, then alternately immersed in 70% 

alcohol II, 80%, 90%, 96%, 100% I and 100% 

II for 1-5 min respectively and soaked in 

xylene:alcohol (1:1) for 15 min, soaking the 

tissue in xylene I for 15 min, soaking the tissue 

in xylene II for at least 15 min, then closing the 

tissue with enough entellan® glue (Merck) 
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(adhesive) on the object glass, and closed with 

a cover glass, the preparations were then 

observed under a microscope (Raharjo et al., 

2013). The description of the histopathological 

test of each mouse liver was then observed in 

five fields of view, with magnifications of 100× 

and 400×, and  the degree of liver damage was 

scored according to the category with modified 

scoring guidelines from Manja-Roenigk 

(Raharjo et al., 2013) as shown in Table 2. 

 
Table 2. Guidelines for scoring the degree of liver 

damage in mice on a high-fat and atherogenic diet. 

 

Data analysis. The results of scoring the 

degree of liver damage were then tabulated and 

statistically tested to define differences in the 

effects of a high-fat and atherogenic diet 

between groups using a t-test. 

 

RESULTS AND DISCUSSION 

Research about high-fat levels is still a 

fresh and promising topic for preventing 

metabolic syndrome. Several researchers 

attempted to obtain animal models that 

experienced hypercholesterolemia and lead to 

hepar damage to determine the function of a 

substance or organic property on the 

performance of fatty organs, one of which is the 

liver. The liver plays a role in many processes 

in the body, and its damage can have disastrous 

consequences in metabolism, immune 

response, detoxification, and defense against 

microbes (Zhou et al., 2016). Hepatocytes are 

the primary cells responsible for the central role 

of the liver in metabolism. Apart from 

protecting the body against the accumulation of 

harmful substances from the outside and within, 

the liver also serves as a location for the 

metabolization of drugs and other toxic 

substances (Freitas et al., 2017; Li et al., 2019; 

Schulze et al., 2019).  

The addition of lard and quail egg yolk to 

the modified atherogenic diet had no significant 

effect on the bodyweight of mice between 

control and four weeks groups and the extent of 

liver cell damage. It is demonstrated that all 

groups have a high body mass index (Fig. 1) 

and a high rate of liver damage (Table 3). The 

fluctuation of body weight from week to week 

is presumably due to the eating habit of the 

animals and the duration of the maintenance, 

resulting in an increase and decrease in body 

weight because of dietary factors (Gargiulo et 

al., 2014). 

 

 

 

 

 

 

 

 

  

   
Fig. 1. Bodyweight of animal model with modified 

atherogenic diet (the t-test revealed a significant 

difference in body weight between the control group and 

the 4-week atherogenic group (p-value 0.000), but no 

significant difference between the control group and the 

8-week atherogenic group (p-value 0.097)). 
 

The independent t-test showed that the total 

number of damaged cells (experiencing 

parenchymatous degeneration, hydropic 

degeneration, and necrotic) in the atherogenic 

diet group was significantly different from the 

control group, with the damage for all groups 

more than 50%, although the difference in the 

number of damaged cells between groups was 

slight (Table 3). 

 
Table 3. Liver cell damage in the control group, four 

weeks atherogenic group, and eight weeks atherogenic 

group. 

Criteria 
Mean ± SD 

Control 4 weeks 8 weeks 

Total cells 
198.8 ± 

26.66 

234.64 ± 

53.80 

314.44 ± 

21.30 

Normal cells 
18.4 ± 

25.28 

24.2 ± 

15.39 

34.88 ± 

24.25 

Parenchymatous 

degeneration 

78.15 ± 

22.71 

95.6 ± 

22.04 

78.48 ± 

22.37 

Hydrophic 

degeneration 

20.05 ± 

9.00 

30.32 ± 

23.77 

90.76 ± 

45.57 

Necrotic 
82.2 ± 

12.83 

84.52 ± 

52.75 

110.32 ± 

31.25 

Total damage 

cells 

180.4 ± 

36.34a  

210.44 ± 

59.54b 

279.56 ± 

12.11b 
Notes: ab = p-value ≤ 0.05. 

Degree of liver damage Score 

Normal 1 

Parenchymatous degeneration 2 

Hydropic degeneration 3 

Necrosis 4 
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Histopathological appearance of liver cells 

in Fig. 2 revealed normal cells and cells with 

varying degrees of damage, including 

parenchymatous degeneration, hydropic 

degeneration, and necrosis. Hydropic 

degeneration is characterized by swollen cells, 

irregular shapes, and separated organelles.

 

 

 

 

 

 

 

 

 
Fig. 2. Histopathological features of the liver cells of mice: a. control group (black arrow= normal cells); b. Four weeks 

atherogenic diet (yellow arrow= hydropic degeneration; black arrow= parenchymatous degeneration); c. Eight weeks 

atherogenic diet (black arrow= necrosis). 
 

In our study, the results of the independent 

t-test showed that the total number of damaged 

cells (experiencing parenchymatous 

degeneration, hydropic degeneration, and 

necrotic) in the atherogenic diet group was 

significantly different from the control group, 

with the percentage of damage for all groups 

more than 50% (Table 3), although the 

difference in the number of damaged cells 

between groups was slight. Hepatocytes, as a 

constituent of the liver, can be damaged due to 

various things, one of which is the initial fatty 

process that changes hepatocytes in various 

degrees of damage, namely parenchymatous 

degeneration, hydropic degeneration, and 

necrosis  (Jarrar & Taib, 2012; Ruan et al., 

2013; Gissen & Arias, 2015). Parenchymatous 

degeneration occurs due to the absorption of 

toxic substances and lead s to mitochondrial 

swelling and the formation of cytoplasmic 

vacuoles in hepatocytes; this is a part of an 

adaptive response and usually subside in a short 

time, parenchymatous degeneration is 

reversible (Stanek et al., 2015). Meanwhile, 

hydropic degeneration generally results from 

ion and fluid homeostasis that increases 

intracellular water (Abdelhalim & Jarrar, 2011; 
Ramos et al., 2015). In addition, when hydropic 

degeneration occurs, the clear zone in the 

cytoplasm is a site for glycogen accumulation. 

Hepatocytes that experienced hydropic 

degeneration during HE staining looked pale, 

enlarged in size, and had sparse cytoplasm 

containing fine granules. The cytoplasm in 

hepatocytes with severe swelling is lighter in 

color, called ballooning degeneration (Ruan et 

al., 2013). Necrosis of hepatocytes causes the 

cells to lose cell membrane integrity, and 

intracellular content is typically released, 

causing inflammation of the surrounding 

tissues. Increased eosinophils, vacuoles in the 

cytoplasm following organelle digestion, and 

nuclear changes such as karyolysis, cariorrexis, 

and pyknosis all indicate necrotic cells 

(Panqueva, 2013; Freitas et al., 2017).   

Changes in lipid levels in the body 

resulting from the imbalance between lipolysis, 

lipid uptake, lipogenesis, and lipid oxidation 

can cause organelle dysfunction in hepatocytes, 

such as mitochondrial dysfunction, lysosomal 

dysfunction, extracellular vesicle secretion, and 

hypoxia which leads to necrosis and cell death 

(Geng et al., 2021). Accumulation of fat in the 

liver that causes hepatocyte damage is a 

precursor to non-alcoholic fatty liver disease 

(NAFLD), liver cirrhosis and is an independent 

predictor of cardiovascular disease (Wang et 

al., 2013). However, based on the data, 

hepatocyte damage occurred in all groups 

(Table 3), which is thought to be caused by the 

feed's high starch content. It is consistent with a 
previous study by Basaranoglu et al. (2015) that 

ingested carbohydrates are a significant of 

hepatic de novo lipogenesis (DNL) and are 

more likely than dietary fat to directly 

contribute to NAFLD (Byrne & Targher, 2015; 

Maurice & Manousou, 2018). Rats are the most 

frequently used animal models (95% of the 

5 µm 

a 5 µm b 5 µm c 
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time) in animal models studies (Hickman et al., 

2017; Szpirer, 2020) because of their similarity 

to existing systems in humans and rats. Mice 

are not included under the Animal Welfare Act 

Regulations. Besides, rats were chosen because 

of a known genetic background, short 

generation time, similarities to human disease 

conditions, known microbial status, the ease of 

handling and taking organ and blood samples 

(Hawkins et al., 2015). However, their high 

price and availability that are more difficult to 

find have made some researchers (especially 

student) have to look for alternatives to other 

animal models such as mice (Bryda, 2013). 

The diet contains a high amount of starch, 

and commercial feeds result in excess calories 

and contribute to obesity and insulin resistance. 

Additionally, obesity may influence fat 

accumulation in the liver by adiponectin levels 

(fatty acid oxidation), and insulin resistance 

contributes to hepar damage by increasing de 

novo lipogenesis (Zheng et al., 2015; Gao et al., 

2020). This resulted in all groups (control and 

experiment) in Fig. 2, exhibiting symptoms 

consistent with liver cell damage caused by 

lipid accumulation and parenchymatous 

degeneration, hydropic degeneration, and 

necrosis in all histopathological preparations. 

 

CONCLUSION 

Although the difference was slight, the 

mean number of damaged cells was 

significantly different between the control and 

the four-week and eight-week atherogenic diet 

groups. All groups demonstrated a level of cell 

damage more significant than 50%, presumably 

due to the starch mixture's role in feed as a 

source of carbohydrates via the mechanism of 

carbohydrate pathways converting to fat, which 

damages liver cells. Alternative feeds 

containing flour, broiler comfeed, water, quail 

egg yolk, and pork oil can generate animal 

models of liver damage. 
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