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ABSTRACT 

Aim: This study aimed to perform a head-to-head comparison of changes during NASH progression throughout 6-11 weeks of an 

experiment to supply a faster nutritional model in mimicking NASH to decrease the duration and cost of in vivo studies. 

Background: New therapies are urgently needed because of the growing prevalence of non-alcoholic steatohepatitis (NASH) and the 

lack of an effective treatment approach. Currently, dietary interventions are the most efficient options. 

Methods: This study compared features of NASH in a murine model using protocol that combined special nutritional regimes based 

on the combination of 21.1% fat, 41% sucrose, and 1.25% cholesterol with weekly intraperitoneal injections of carbon tetrachloride 

(CCl4). Male C57BL/6J mice received either special compositions + CCl4 (NASH group) or standard chow diet (healthy control 

group) for 11 weeks. Liver histopathology based on hematoxylin and eosin (H&E) and Masson’s Trichrome (TC) staining and 

biochemical analyses were used to assess disease progression. 

Results: In C57BL/6J mice administered a high fat, high cholesterol, high sucrose diet and CCl4 for 8 weeks, steatohepatitis with 

pronounced hepatocyte ballooning, inflammation, steatosis, and fibrosis was observed. According to the NAFLD activity scoring 

system, the maximum NAS score was manifested after 8-9 weeks (NAS score: 6.75). Following this protocol also led to a significant 

increase in AST and ALT, total cholesterol, and total triglyceride serum levels in the NASH group. 

Conclusion: Following the special nutritional regime based on high fat, cholesterol, and sucrose in combination with CCL4 injections 

resulted in a NASH model using C57BL/6J mice in a shorter time compared to similar studies. The obtained histopathological NASH 

features can be advantageous for preclinical drug testing. 
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Introduction
1Non-alcoholic steatohepatitis (NASH) is a more 

aggressive necroinflammatory form of non-alcoholic 
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fatty liver disease (NAFLD). Sufferers are typically 

subjected to a variety of steatosis and hepatic 

inflammation and ballooning with or without fibrosis. 

If left untreated, NASH can progress to cirrhosis 

morbidity, hepatocellular cancer, and a need for liver 

transplantation (1-3). The heterogeneous nature of 

NASH is reflected by various risk factors such as 
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obesity, diabetes, and metabolic syndromes (4). Despite 

the significant impact of NASH on overall health, the 

number of available medical interventions and 

pharmacological therapies for NASH is limited, making 

the treatment of this disease a point of contention in the 

medical community (5). Therefore, current therapies 

for NASH are confined to lifestyle modifications, such 

as physical activity and dietary interventions (6, 7).  

As a result of creating NASH models, in addition to 

various in-vitro cell cultured models (e.g., human 

hepatic cell lines, primary human hepatocytes [PHHs], 

and hepatocyte-like cells [HLCs]), two-dimensional 

(e.g., monoculture, co-culture) and three-dimensional 

cell culture models (e.g., spheroids and organoids) (8), 

various in  vivo models, and notably murine models 

have been suggested. Genetic techniques, chemical 

intervention, specific diets, and even combinations of 

these have been developed to emulate mouse models 

closely (9). Several models based on dietary 

approaches, including the methionine/choline-deficient 

(MCD) diet, high-fat diet (HFD), and western diet 

(WD), have been widely used to produce rodent dietary 

models of NASH. While the aforementioned nutritional 

models of NASH have been studied for decades, they 

cannot accurately illustrate the whole range of 

metabolic disorders or disease development in humans. 

For example, previous studies on the HFD model have 

reported steatohepatitis, fibrosis, and tumor 

progression; however, they have failed to show 

steatosis in the experimental group (10, 11). Other 

studies using the MCD diet have shown a weight 

reduction in the experimental mice, but did not fully 

report the expected metabolic syndromes in human 

NASH cases (12, 13). On the other hand, WD feeding 

has been shown to increase liver damage, steatosis, 

inflammation, fibrosis, insulin resistance, metabolic 

syndrome, and weight gain in the experimental mice, 

closely mimicking the pathophysiology and clinical 

features seen in humans. This makes WD (a diet 

containing high fat, cholesterol, and sucrose) the ideal 

diet for NASH study models (15).  

Carbon tetrachloride (CCl4), a liver toxin, has been 

widely used for many years to cause direct hepatocyte 

damage and fibrosis (15-17). Moreover, previous 

studies have shown that different doses of CCl4 to 

HFD-fed mice activated steatosis, inflammation, 

hepatocellular ballooning, and fibrosis and also 

significantly elevated blood alanine aminotransferase 

levels after 12 weeks (18). It has further been shown 

that taking CCL4 in combination with WD induced 

severe liver histological features and increased weight 

gain similar to that seen in NASH patients. 

Nonetheless, there are limitations, and the effects of 

prolonged CCl4 treatment combined with WD as a 

potential model for NASH have not been identified 

(19).  

Regardless of the variety in methods applied to 

develop NASH in mice, none of them can fully satisfy 

all the required criteria for an ideal human NASH 

model (20). Moreover, almost all existing methods 

progress over prolonged periods, which can cause 

problems such as high animal mortality and increased 

animal maintenance expenses. Therefore, this study 

aimed to decrease the duration and cost of in vivo 

studies and provide a dietary model that is faster and 

more reliable in mimicking the NASH model in 

humans. In this study, we provide a dynamic analysis 

of the progression of NASH in mice fed a WD diet, a 

sugar solution, and administered CCL4 injections 

within 6-11 weeks. Of note, WD and CCl4 treatment 

for 8 weeks showed higher similarity to human NASH 

with expected histopathological NASH features 

(steatosis, hepatocellular ballooning, and inflammation) 

along with biochemical changes. 

Methods 

Animals  

C57BL/6J male mice (6-8 weeks of age, weighing 

16-22 g) were purchased from the Pasteur Institute of 

Iran (Pasteur Institute, Tehran, Iran) and kept in 

standard cages under controlled conditions in a 10-h 

light – 14-h dark cycle in a 22 ± 2 °C facility. The 

Ethics Committee of the Research Institute for 

Gastroenterology and Liver Diseases, Shahid Beheshti 

University of Medical Sciences, Tehran, Iran, approved 

all experimental procedures of this study (Ethical code: 

IR.SBMU.RIGLD.REC.1399.063). 

Dietary interventions  

After one week of acclimatization under appointed 

standard terms, the C57BL/6J mice were assigned to 4 

groups. Mice in the healthy control group, were fed a 

normal chow diet (ND) with normal water (NW). 

NASH experimental groups were divided into 3 
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subgroups: group 1 received WD for 6 and 7 weeks, 

group 2 received WD for 8 and 9 weeks, and group 3 

received the WD for 10 and 11 weeks (from 6 weeks 

after initiation of dietary intervention up to 11 weeks). 

NASH groups consumed a WD comprised of 21.1% 

fat, 41% sucrose, and 1.25% cholesterol by weight and 

a high sugar liquid solution containing d-fructose (23.1 

g/L) (Sigma-Aldrich, F0127) and d-glucose (18.9 g/L) 

(Sigma-Aldrich, G8270) (19). Along with the diet, the 

NASH model mice were administered CCl4 (99% 

purified, Sigma, UK) intraperitoneally every week at 

the dose of 0.2 µL of the mouse’s body weight (17). In 

the control group, phosphate-buffered saline (PBS) was 

administered intraperitoneally every week instead. To 

avoid the acute effect of CCl4 at the end of the feeding 

period, mice were euthanized one week after the final 

injection (Figure 1). 

Histopathological experiments 

The harvested liver tissues were fixed in 10% 

neutral buffered formalin (NBF, PH. 7.26) for 48 h, 

then processed and placed in paraffin. The 5-µm thick 

sections were prepared and stained with hematoxylin 

and eosin (H&E) for histology assessment and 

Masson’s Trichrome (TC) for fibrosis analyses. An 

expert pathologist evaluated the histological slides 

using light microscopy (Olympus BX51; Olympus, 

Tokyo, Japan). As shown in Table 1, steatosis grade 

was considered on entire H&E-stained sections and 

scored from 0 to 3. Lobular inflammation was 

evaluated by counting the number of inflammatory foci 

(the observation of at least 3 inflammatory cells in 

close proximity) per lobule in five randomly chosen 

lobules at 20× magnification and was graded from 0 to 

3. The presence of ballooning hepatocytes was 

evaluated in five randomly-chosen rectangular areas of 

0.3 mm2 at fields of 40× magnification in areas with 

steatosis. Ordinal scores of these 3 histological 

parameters are considered to give a NAFLD activity 

score (NAS) using the NASH-Clinical Research 

Network (CRN) criteria. According to this scoring 

system, the sum of steatosis (0–3), lobular 

inflammation (0–3), and hepatocellular ballooning 

degeneration (0–2) scores are considered the NAFLD 

activity score (NAS) (score of 0–2: not NASH; 3–4: 

borderline; 5–8: NASH) (21, 22). Also, the rate of 

hepatic fibrosis  was evaluated after TC staining (23). 

 
Figure 1. Protocol for the control and NASH experimental groups. Mice were categorized into 2 main groups: the healthy control 

group and the NASH group. NASH mice were separated into 3 subgroups. In each group, mice were sacrificed one week after the 

final injection. (ND: normal diet, PBS: phosphate-buffered saline, WD: western diet, CCl4: Carbon tetrachloride). 
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The CRN histological scoring system was used to grade 

fibrosis in a different biopsy specimen (Table 2) (24). 

Table 1. NAFLD activity score (NAS) by NASH-CRN (22). 

score steatosis inflammation ballooning 

0 <5% No foci None 

1 5-33% <2 foci Few (≤4) 

2 >33-66% 2-4 foci Many (>4) 

3 >66% >4 foci  

Table 2. CRN histological scoring system for grading of 

fibrosis in NAFLD (24). 

Stage of fibrosis CRN scoring system 

0 No fibrosis 

1A Mild perisinusoidal 

1B Moderate perisinusoidal 

1C Portal/periportal fibrosis 

2 Perisinusoidal and portal/periportal 

3 Bridging fibrosis 

4 Cirrhosis 

Serum collection and biochemical 

analysis 

As biomarkers of liver injury, alanine 

aminotransferase (ALT), aspartate aminotransferase 

(AST), total cholesterol, and total triglyceride levels 

were measured in blood samples using standard 

laboratory test kits to confirm pathology results at the 

8th week. A 1.5-mL tube was used to collect whole 

blood. After centrifuging at 1000 g for 10 minutes at 4 

°C, serum supernatant was collected and stored at -80 

°C. 

Data analysis 

The statistical significance of differences between 

study groups was evaluated using t-test and one-way 

ANOVA with post hoc Tukey’s multiple comparisons 

test using Prism software, a statistical package, version 

9 (GraphPad Software, USA). All values are means   

SEM. P values less than 0.05 were considered 

statistically significant. 

Results 

Features of steatohepatitis in 

WD/CCL4 mice  

The histopathological changes in C57BL/6J mice of 

each group were monitored from 6-11 weeks using 

H&E and TC staining (Figure 2A). The 

histopathological evaluation of harvested liver samples 

in control mice showed normal structures. As expected, 

in WD-fed mice, H&E analyses indicated the 

development of steatosis, with a median steatosis score 

of 1.5 during 6-7 weeks compared with the control 

group (p<0.05). The steatosis was primarily of the 

microvesicular type and located in zones 1 and 2. Mild 

lobular inflammation was also present, with a lobular 

inflammation median score of 1.25 (p<0.01). However, 

mice in the 6-7 weeks group failed to display any 

prominent appearance of ballooning degeneration 

(median score ballooning: 0). At 8-9 weeks, more 

significant steatosis was observed in WD-fed mice with 

a median steatosis score of 2.25 (p<0.01). Both 

microvesicular and macrovesicular types of steatosis 

were seen in these samples. Moderate to severe lobular 

inflammation was also present with a final median 

score of 2.5 in this group (p<0.0001). The highest rate 

of ballooning degeneration was observed at 8-9 weeks 

(grade 2) (p<0.0001). Less significant steatosis 

(p<0.01) was observed in the WD-fed mice 10-11 

weeks post-induction (grade 2) compared to the 

numbers observed in the 8-9 weeks experimental 

group. Furthermore, prolonged WD feeding and CCl4 

administration led to moderate inflammation (grade 

2.25) (p<0.0001) and an almost mild degree of 

hepatocellular ballooning (grade 1.25) by the end of 

feeding (p<0.0001) (Table 3) (Figure 2B). All TC-

stained liver  sections from the experimental groups 

were also evaluated histologically. Using the staining 

procedure, the extent of collagen fiber deposition was 

indicated. The histopathological micrographs of liver 

samples in the control group were normal, showing no 

histopathological changes; the structure of hepatocytes 

cords and cortical/medullary tubules were well 

organized (Figure 2A). Histopathological evaluation at 

weeks 6, 7, and 8 showed moderate centrilobular 

perisinusoidal fibrosis (stage 1B). At 9 weeks post-

Table 3. NAFLD activity score of mice treated with WD and CCl4. 

duration treatment steatosis inflammation ballooning NAS score Fibrosis stage 

control 0.0 0.0 0.0 0.0 0.0 

6 -7 1.5 1.25 0.0 2.75 1B 

8-9 2.25 2.5 2 6.75 1C 

10-11 2 2.25 1.25 5.5 3 
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induction, delicate collagen fibers were deposited 

around the sinusoidal and portal areas (stage 2). At 

weeks 10 and 11, complex bridging fibrosis with 

extensive perisinusoidal fibrosis was seen in these 

samples (stage 3) (Table 3). 

Serum tests for liver injury in mice 

treated with WD/CCl4 

Serological analysis was performed following 

histopathological confirmation of the NASH model in 

 
Figure 2. Histopathological analysis of liver section at 6-11 weeks post-induction in comparison with the control group. A) 

Macroscopic view of the liver tissue from control and NASH mice. H&E stains of liver samples (magnification: X100 and X400) 

represent steatosis (black arrows), lobular inflammation (blue arrows), ballooning (gray arrows), and TC stains (magnification 

X100) represent fibrotic septa (red arrows) (scale bar: 100µm). B) Histological scoring for steatosis, hepatocyte ballooning, lobular 

inflammation. Data is expressed as mean ± SEM and compared by one-way ANOVA (*p <0.05, **p <0.01, ****p <0.0001). 
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the 8-9 weeks mice with the highest NAS score. Serum 

biochemical panels are another valuable tool for 

identifying NASH progression, as they reflect the 

evaluation of hepatocellular function (25, 26). In the 

current study, we measured serum ALT, AST, total 

triglyceride, and total cholesterol. Feeding a WD diet 

also led to a significant increase in AST and ALT serum 

levels (p<0.01 and p<0.001, respectively). Cholesterol 

has also been clinically shown to be directly  involved in 

the development of fatty liver disease and in rodent 

models of NASH (27). The total serum cholesterol level 

in WD/CCL4 mice was significantly elevated (p<0.05). 

In addition, increased total TG concentrations were 

found in 8-9 weeks mice compared to their respective 

controls (p<0.001) (Figure 3). 

Discussion 

NASH, a progressive stage of NAFLD, is a crucial 

hazard to the health of the general population. 

Subsequent diseases that follow NASH, such as 

fibrosis, cirrhosis, and liver cancer, cannot be treated 

until their underlying disorder is improved. As NASH 

lacks an approved pharmacotherapy, a trustworthy 

animal model for simulating the disease in humans is 

required for the evaluation of healing applications and 

preclinical testing before launching expensive human 

clinical trials (28, 29). Current NASH animal models 

focusing on dietary modifications have successfully 

shown the effects of diet on disease progression (30); 

however, studies on these models differ in the feeding 

periods used, which ultimately leads to drastic 

differences in the NASH characteristics reported in 

each study. These differences are mainly noticed in the 

range of steatosis, inflammatory response, and hepatic 

fibrosis development (31). It is important to note that 

the protocol described herein is simple, affordable, and 

achievable in a relatively short time. 

It might be difficult to decide which diet to utilize 

for the NASH study, because so many options are 

currently available (MCD, HFD, WD). A common 

feature of these diets is their ability to induce 

steatohepatitis, obesity, and insulin resistance in mice, 

showing a close resemblance to the disease progression 

in humans. That being said, the WD, characterized by 

foods that are high fat, fructose (or sucrose), and 

cholesterol, is the most commonly used diet in studies, 

as it appears to more closely emulate NASH in humans 

(12, 32-35). In addition, adding a hepatotoxin such as 

CCl4 increases WD-induced hepatocyte ballooning, 

inflammation, fibrosis stage, and hepatic stellate cell 

(HSC) activation (36). As a result, CCl4 and WD may 

have a synergistic influence on NASH pathogenesis. 

Furthermore, a combination of fructose and glucose in 

drinking water may be more effective in promoting 

hepatic steatosis (37).  

The current study has illustrated that CCl4 

injections and WD feeding in C57BL/6J mice correlate 

with the NASH model of illness in humans. We carried 

out a head-to-head comparison of dynamic changes that 

occur during the evolution of NASH throughout 6-11 

weeks of the experiment. In our screening, C57BL/6J 

mice that continued a WD for 8 weeks manifested the 

maximum score of our NASH model's histological 

features (steatosis, lobular inflammation, and 

ballooning) according to the NAFLD activity scoring 

system.  

 
Figure 3. (A) total triglyceride, (B) total cholesterol, (C) serum AST, and (D) ALT were measured in the 8-9 weeks treatment 

group in comparison with controls. Data is expressed as mean ± SEM and compared by t-test (*p<0.05, **p<0.01, ***p<0.001; 

ALT, alanine aminotransferase; AST, aspartate aminotransferase). 
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After 6 weeks of the WD, the mice had mild 

steatosis and inflammation with no signs of ballooning 

degeneration. This may demonstrate an insufficient 

period of WD feeding. In the 8–9-week groups, the 

increase of the NAS score in mice on the WD regimen 

to 6.75 reflects the progression of NASH in these 

mouse models. According to Chheda et al., the fast 

food diet (FFD)-CCl4 rat model exhibited NAFLD 

histological characteristics, including steatosis, 

inflammation, and fibrosis, with a NAS score of 6 in 8 

weeks.38 This may point to the greater influence of 

WD in raising the NAS score. We also observed an 

increase in ALT and AST levels as hepatocyte injury 

indicators at 8 weeks, which is consistent with the 

findings of Chheda et al (38). There is also some 

evidence that total cholesterol and triglyceride levels 

can rise as a result of a high fat diet. In line with prior 

reports (39), our investigations also indicated higher 

levels of total triglyceride and cholesterol in NASH 

mice after 8 weeks of intervention compared to the 

healthy control group. Surprisingly, in mice remaining 

on a diet for more than 9 weeks, the NAS scoring 

dropped to 5.5 in the 10–11-week groups.  

The goal of this study was not to create a new 

model for NASH with a unique disease development 

mechanism. Instead, our demonstrated NASH model 

aimed to reinforce previous studies while 

encompassing the physiological, metabolic, and 

histological aspects of the disease in humans. Previous 

studies have shown the development of a NASH model 

in mice that mimics the human condition after several 

weeks, with most studies showing this after 12 weeks. 

Marcher et al. suggested that feeding WD to male 

C57BL/6J mice along with fructose-supplemented 

drinking water can create a relevant mode of human 

NASH with steatosis after 12 weeks (40). Another 

study by Tsuchiya et al. combined WD with CCl4 and 

once again showed the development of NASH in the 

models, similar to the human disease, after 12 weeks 

(19).  

It is crucial to evaluate how the current study differs 

from previous NASH animal model studies as well as 

its potential implications. Our NASH model is  relevant 

in many respects to that reported by Tsuchiya et al., but 

it is distinguished from it by the head-to-head screening 

of changes during 6-11 weeks of NASH evolution as 

well as timeframes needed for NASH development. As 

existing diet-induced mouse models take a longer time 

to develop this hallmark of NASH, we were able to 

create NASH in a reasonable time frame, based on 6-11 

weeks follow-up, in an attempt to reduce the length and 

expense of in vivo investigations. The rapid 

development of a NASH animal model might speed up 

mechanistic studies of NAFLD progression and provide 

a reliable in vivo system for screening and evaluating 

drugs to treat this widespread liver disease (41).  

The advantage of the introduced model is the rapid 

development of NASH within 8 weeks of diet in 

contrast with other dietary NASH models, which need 

an induction period of at least 15 weeks or even longer 

(11, 32, 42-44). Therefore, this model has the benefits 

of being economical, having a high degree of 

resemblance to human disease, and in the availability of 

diet ingredients. However, there are limitations to our 

study. We detected steatosis, inflammation, and fibrosis 

associated with NASH in the WD-CCl4 model after 8 

weeks, despite the fact that we were unable to assess 

insulin resistance or hyperinsulinemia  in cases that 

needed to be measured.  

Conclusion 
To conclude, while the optimum animal model for 

NASH has yet to be established, the current dietary 

models offer complementary tools for studying this 

main human disease. The study's most noteworthy 

finding is the ability to correlate the histological 

development of NASH with the serological alterations 

that characterize disease progression in only 8-9 weeks. 

Not only might the fast establishment of animal models 

for NASH therapy hasten mechanistic research on 

NAFLD development, but it may also produce 

influential in vivo system screening/testing agents 

which act contrary to frequent liver illnesses. Genetic 

and epigenetic alterations, altered gene and protein 

expression, and pathophysiologic pathways that have 

been discovered in NASH should all be included in 

future investigations. 
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