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An Accessible and Pragmatic Experimental Model of 
Nonalcoholic Fatty Liver Disease

ABSTRACT

BACKGROUND

There is no convenient cheap pragmatic experimental model for Nonalcoholic Fatty 
Liver Disease (NAFLD)/Nonalcoholic Steatohepatitis (NASH). Objective: Our objective 
was to create a pragmatic model of NAFLD/NASH.

METHODS 

Sprague-Dawley rats were fed a high-fat, high sugar homemade diet ad libitum for 
seven weeks. The high-fat, high sugar diet included 59% of energy derived from fat, 
30% from carbohydrates, and 11% from protein. Serum levels of fasting glucose, tri-
glyceride, cholesterol, liver enzymes, insulin, and hepatic tumor necrosis factor-alpha 
(TNF-α) gene expression were determined. Hepatic histology was examined by H&E 
stain. 

RESULTS 

Rats fed the high-fat, high sugar diet developed hepatic steatosis, and a moderate 
inflammation, which was associated with increased serum levels of liver enzymes, 
glucose, insulin, triglyceride, cholesterol, and hepatic  TNF-α gene expression. 

CONCLUSION

This rat model resembles the key features of human NAFLD/NASH and provides a 
simple pragmatic experimental model for elucidating the disease prevention and treat-
ment.
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INTRODUCTION    

Non-alcoholic fatty liver disease (NAFLD) is one of the most common 
chronic liver disorders in the world causing a range of Histopathological 
features from simple hepatic steatosis to liver cirrhosis.1-3 Pathogenesis of 
NAFLD is associated with metabolic syndrome.4, 5 In metabolic syndrome, 
insulin cannot function properly, leading to activation of lipolysis pathways, 
which results in an increased influx of free fatty acids to the hepatocytes.6 
Furthermore, the gene expression of some pro-inflammatory cytokines such 
as TNF-α increases in metabolic syndrome leading to malfunction of insulin 
receptors and insulin resistance.7
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Studies of NAFLD/NASH on human subjects are not 
feasible because the development of NAFLD/NASH 
needs a long duration of time, and ethical consider-
ations limit prescription of medications, and obtaining 
the hepatic tissues from patients. Animal models of 
NAFLD/NASH have provided researchers some critical 
data in finding some factors involved in development 
of NAFLD/NASH and assessment of various agents in 
treatment of the disease. These animal models are de-
signed to simulate the clinical and hepatocellular features  
of human NAFLD/NASH.8 Lack of proper experimental 
models has hindered the investigation on pathogenic and 
therapeutic factors involved in fatty liver disease and the 
underlying liver metabolisms which lead to fat accumu-
lation in the liver tissue.9, 10

Existing models consist of gene alterations, diet mod-
ifications or combinations of these two methods.8 The 
most important limitation of previous models is that they 
cannot fully represent multi factorial characteristics of 
NASH seen in human patients.

Thus, high-calorie diets are commonly used to induce 
fatty liver. Using high-fat diets to induce fatty liver in 
animal models is a similar model mimicking the patho-
genesis of NAFLD in humans.9, 10

The aim of present study was to produce a practical, 
precise, and economical NASH model by designing a 
high-fat diet that provides all essential nutrients sufficiently 
and to be palatable enough to be consumed by rats in suf-
ficient quantities so that it will eventually lead to weight 
gain. we hope that this model would represent the key 
features of NASH in humans.

MATERIALS AND METHODS

Animals and Diets
Twelve male Sprague-Dawley rats (weighted 150-

200 gram), which were purchased from Pasteur Institute 
(Karaj, Iran), were individually housed in wire bar-floor 
cages. The animals’ weights were measured at the be-
ginning of the study, and every week, while their food 
intakes were measured twice a week during the study. 
The first week after arrival, all the animals were fed the 
standard chow diet ad libitum to be acclimatized to the 
new standard environment with temperature of 22°C, 
humidity of 50% and 12-h light/dark cycles and then, 

they were randomly assigned to two groups fed either 
a standard chow diet with 10% of energy derived from 
fat, 30% from protein, and 60% from carbohydrates or 
a high-fat, high sugar diet with 59% of energy derived 
from fat, 30% from carbohydrates, and 11% from protein. 
Both groups were fed ad libitum. The high fat, high sugar 
diet was prepared by mixing the following items: 28% 
butter, 28% chow diet, 14% sugar, 19% yolk egg, and 
11% white egg, then leaving the product in 100°C oven 
for 30 minutes, and cutting it to small cubes. The diets 
were prepared every week, and stored at –20°C. They 
were thawed every other day at 4°C in fridge. The food 
was delivered every other day at the beginning of the 
dark phase, and the remains were weighed and removed 
after 48 hours.

After seven-week feeding period, animals were sac-
rificed by exsanguination under light anesthesia. All 
procedures were carried out in accordance with the Na-
tional Nutrition and Food Technology Research Institute 
(NNFTRI). The study protocol was approved at NNFTRI 
ethics committee with ethics code of NNFTRI 1393-568.

Tissue and Blood Preparation 
Blood samples were collected in heparinized tubes; 

then, centrifuged (3500 rpm, 15 min, at 6°C) to separate 
the plasma. Plasma glucose was measured immediately, 
and the remaining samples were kept at -80°C before 
biochemical analysis.

Then, one lobe of each liver tissue was excised, and 
inserted in 10% buffered-formalin solution for histopathologic 
examination. Other liver samples (200 mg) were placed 
in liquid nitrogen tank, and then kept at -80°C for gene 
expression evaluation.10-13

RNA Extraction and Quantitative RT-PCR
Total RNA was extracted using RNeasy Plus Mini 

Kits (Qiagen) according to the manufacturer’s instructions 
and cDNA synthesized using Superscript II reverse tran-
scriptase (Invitrogen). Quantitative real-time PCR was 
performed using the Bio-Rad Real-Time PCR System, 
using IQ SyBR Green Supermix (Bio-Rad). 

The PCR mix contained 2 µl cDNA, 1 µl of the 
appropriate forward and reverse primers, and 2 µl SyBR 
Green PCR Master mix in a total volume of 25 mL. PCR 
consisted of 50 cycles of denaturation at 94°C for 30s, 
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annealing at melting temperature (Tm) for 30 s, and 
extension at 72°C for 60 s. Primer sequences for each 
target gene, their source as well as their optimal PCR 
annealing temperatures are as follows: GAPDH forward 
primer 5′-GTGCTGAGTATGTCGTGGAGTCTA-3′ and 
reverse 5′- TCTCGTGGTTCACACCCATCAC -3′ (Tm 
60°C), and TNF-α forward primer 5′- ACT GAA CTT 
CGG GGT GAT TG -3′ and reverse 5′- GCT TGG TGG 
TTT GCT ACG AC -3′ (Tm 60°C). Primer specific-
ity was confirmed from the product size by agarose gel 
electrophoresis and the specificity of the PCR products 
checked by melt curve analysis.

 
Biochemical Assessments

  Liver enzymes levels in plasma including alanine 
aminotransferase (ALT), and aspartate aminotransferase 
(AST) were measured using Sigma kits (Sigma Diagnostic, 
St Louis), and insulin concentrations were measured us-
ing the radioimmunoassay kit  (Linco Research Inc, St 
Charles, MO). Serum Glucose and lipids including total 
cholesterol and triglycerides were measured calorimetrically 
using a commercial kit (Parsazmoon, Tehran, Iran).

Histopathology
Five sections from different lobes of each liver were 

submitted and processed by ethyl alcohol and xylene 
series, and embedded in paraffine blocks. Slides were 
stained with Hematoxyline Eosin and Masson’s Trichome 
and viewed under light microscopy by Nikon E 200. The 
grading was defined as follow: stages of steatosis were 
0-3 indicating no fat, steatosis occupying less than 33% 
of the hepatic parenchyma, 34-66% of the hepatic paren-
chyma, and more than 66% of the hepatic parenchyma 
respectively; stages of inflammation were 0-3 indicating 
none, 1-2 foci/field, 3-4 foci/field, and more than 4 foci/
field respectively13; for ballooning stages of 0-3 were in-
dicated as minimal, mild , moderate, and markedrespec-
tively.14

Statistical Analysis
Results are expressed as median (interquartile range) 

mean±SE and using Mann whitney, Kruskal wallis and 
chi-square tests. P<0.05 was considered for significance 
level. All statistical analyses were performed with the 
use of either GraphPad Prism Software Version 5.00 

(GraphPad Software, SanDiego, CA), or SPSS 20.0 soft-
ware (Chicago, IL, USA).

RESULTS 

Body Weight, Food Consumption
The primary average weight in NAFLD model and 

control groups were 139 and 130 gram respectively, 
which were not statistically different. The animals were 
weighted at weeks 1, 3, 5, and 7 (Figure 1); from 5th 
week, the mean weight of animals in model group was 
significantly more than those in control group (p=0.002).

Mean food intake of animals in model group was sig-
nificantly more than those in control group during the 
study (Figure 2); p values at weeks one to seven were 
0.009, 0.015, 0.015, 0.002, 0.002,0.002, and 0.002 re-
spectively.

Biochemical Assay
Plasma glucose and Insulin levels were significantly 

increased in model group compared with the controls 
(Table 1). Plasma levels of liver enzymes also were 
significantly elevated in model group in comparison to 
control group (Table 1). Plasma TG, cholesterol, and 
LDL cholesterol of model group were significantly more 
than control group at week seven (Table 1).

TNF – α Gene Expression
Hepatic TNF-α gene expression was significantly in-

creased in model group in comparison to control group 
(Figure 3).

Histological Observations 
Microscopic examination of hepatic tissues showed 

minimal accumulation of fat droplets in the hepatocytes 
of rats fed the chow diet (Fig. 4A, C, Table 2), while  
most of the animals in model group developed stages 2 
and 3 of hepatic steatosis, ballooning, and inflammation 
(Fig. 4B, D, Table 2).

DISCUSSION

Experimental models of NAFLD/NASH are needed 
for examining different agents and their optimal dose in 
prevention and/or treatment of the disease. The experi-
mental models should mimic the clinical and hepatocel-
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lular features of human NAFLD/NASH. Thus, the hepatic 
histopathology of animal models of NAFLD/NASH 
must  be the same as what is seen in human NAFLD/
NASH. Moreover, the animal  models must mimic the 

clinical features of NAFLD/NASH in human such as insu-
lin resistance, overweight, and hyperlipidemia; otherwise, 
the results of studies on these models cannot be applied 
in human disease.

112

Fig. 1: Mean weight of rat nonalcoholic fatty liver disease the model and the control groups (n=6 in each group) at weeks 1, 3, 5, 
             and 7; from 5th week, the mean weight of model group was significantly more than control group (p=0.002).

Fig. 2: Mean food intake in rat nonalcoholic fatty liver disease the model and the control groups (n=6 in each group) at the end of 
            each week. p values at weeks one to seven were 0.009, 0.015, 0.015, 0.002, 0.002,0.002, and 0.002 respectively.

A Pragmatic Model of NAFLD
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Few experimental models of NAFLD/NASH have 
been designed currently,8 however the high fat diet in-
duced models most resemble hepatic histopathology and 
pathophysiology of human NAFLD/NASH. High fat 
diet induced models show the NAFLD/NASH associat-
ed metabolic abnormalities such as obesity, insulin resis-
tance, hyperglycemia, and dyslipidemia;8-10, 12, 13, 15 however, 
some of them do not show all characteristics of human 
NAFLD.8-10, 12, 13, 15 Our model of experimental NAFLD 
has the advantage of showing all NAFLD and metabolic 
syndrome features resembling the human disease.

Using purified diets for induction of NAFLD/NASH 
is budget consuming and unavailable in our country. 
This limitation has been overcome in the present study. 
By feeding rats a homemade, high-fat, high sugar diet 
ad libitum, we reproduced the typical hepatic features 
of NAFLD/NASH, associated with all its common fea-
tures such as increased liver enzymes, insulin resistance, 
hyperlipidemia, and inflammation. The other similarity 
of this model to the human disease is that the diet was 
provided to animals ad libitum, which resembles the real 
life development of the disease.

The hepatic TNF-α gene expression increased in our 
model; this pro-inflammatory cytokine is involved in the 
histologic inflammation and the insulin resistance which 
lead to hepatic steatosis. Previous studies have shown 
that serum level of TNF-α increases in NAFLD/NASH, 
which enhance the steatosis and lead to hepatic inflam-
mation.16, 17 

we had previously tried to induce NAFLD/NASH 
model by feeding rats a high fat diet, but the animals did 
not show the key features of the disease. After adding 
sugar to the diet, all characteristics of the disease could 
be observed in the animals; these data confirm the previous 
findings that have shown the critical role of simple sugars 
specially fructose in pathogenesis of NAFLD/NASH.11, 18, 19 

The advantages of this model are its cheapness, short 
time induction of disease, high similarity to human disease, 
showing all features of the disease, and availability of 
diet components. Moreover, all features of the disease 
have been shown in at least 80% of the animals indicating 

Fig. 3: Mean and SE of Hepatic TNF-α gene expression in rat 
nonalcoholic fatty liver disease model and control 
groups (n=6 in each group), which is significantly dif-
ferent between two groups (p<0.01).      

Emamat et al. 

Table 1: Plasma mean levels of glucose, insulin, lipids, and liver enzymes in rat Nonalcoholic fatty 
liver disease model and control group (n=6 in each group)

model group
median (IQR)

Control group
median (IQR) p-value

ALT  (IU/L) 36 (28.2-65.7) 20.5 (15.5-23.7) 0.004

AST (IU/L) 45 (42.2-52) 21.5 (18.5-24.5) 0.002

GGT (IU/L) 12.3 (5.3-18) 4 (2.7-7.5) 0.02

Glucose (mg/dL) 179.3 (168-191) 152.5 (137.7-159.7) 0.009

Insulin (pmol/l) 540 (411-606) 196 (171-230.5) 0.001

TG (mg/dL) 159.5 (143.7-168.7) 108 (97.7-118.7) 0.002

Cholesterol (mg/dL) 145 (120-171.5) 104 (96.5-118) 0.009

HDL.c (mg/dL) 27.5 (22.2-35.2) 30 (26.5-37) 0.390

LDL.c (mg/dL) 87.4 (62.2-109) 39 (31-56.2) 0.009
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the high reproducibility of the model induction.
In Conclusion, we could reproduce successfully a 

convenient, cheap, and pragmatic experimental model 

of NAFLD/NASH by feeding the animals a home made 
high fat, high sugar diet. This model not only resembles 
the human disease, but also represents all key features of 

114

Fig. 4: Hepatic pathology in rats fed high fat, high sugar diets ad libitum. The livers of rats fed the chow diet showed an accumulation 
of glycogen and minimal fat, and few inflammatory cells (A) ×100, (C) ×400, The livers of rats fed the high fat, high sugar diet 
showed pronounced hepatic steatosis, and abundant mononuclear inflammatory cells (B) ×100, (D) ×400. The liver samples were 
stained with hematoxylin and eosin.      

B

C D

A Pragmatic Model of NAFLD
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Table 2: Histopathological characteristics of rat Nonalcoholic fatty liver disease model and control 
               groups (n=6 in each group).

group  
stage P value

(model vs. control)low high

Steatosis n(%)
model 2 (33.3) 4 (66.7)

0.002
control 6 (100) 0

Ballooning n(%)
model 1 (16.7) 5 (83.3)

0.025
control 6 (100) 0

lobular inf. n(%)
model 2 (33.3) 4 (66.7)

0.046
control 6 (100) 0

portal inf. n(%)
model 2 (33.3) 4 (66.7)

0.025
control 6 (100) 0

Low = 0 or 1 stage
High = 2 or 3 stage
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the disease. This model provides a useful tool for find-
ing strategies for prevention and treatment of NAFLD/
NASH.
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