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Abstract

Non-alcoholic fatty liver disease (NAFLD) is 
a spectrum of diseases, which include simple 
liver steatosis, non-alcoholic steatohepatitis 
(NASH), cirrhosis and hepatocellular carci-
noma (HCC). It is a burgeoning health prob-
lem worldwide in line with the trend towards 
unhealthy diet and increased prevalence of 
obesity and type 2 diabetes mellitus (T2DM). 
Many animal models that illustrate both the 
histology and pathology of human NAFLD 
have been established. It is important to 
choose an animal model that best conforms to 
the aim of the study. This chapter presents a 
critical analysis of the histopathology and 
pathogenesis of NAFLD and the most com-

monly used and recently developed animal 
models of hepatic steatosis, NASH and NAFLD-
induced hepatocellular carcinoma (NAFLD-
HCC). The main mechanisms involved in the 
experimental pathogenesis of NAFLD in vari-
ous animal models were also discussed. This 
chapter also includes a brief summary of recent 
therapeutic targets found using animal mod-
els. Although current animal models provide 
important guidance in understanding the patho-
genesis and development of NAFLD, future 
study is essential to develop more precise mod-
els that better mimic the disease spectrum for 
both improved mechanistic understanding and 
identification of novel therapeutic options.
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11.1	 �Introduction

Non-alcoholic fatty liver disease (NAFLD) is rec-
ognized as the hepatic exhibition of the metabolic 
syndrome. With the growing epidemic of obesity 
and insulin resistance, the worldwide prevalence 
of NAFLD continues to increase and is becoming 
the most common cause of chronic liver disease 
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[1]. NAFLD can progresses from simple liver ste-
atosis to non-alcoholic steatohepatitis (NASH), 
and even to liver fibrosis and cirrhosis. Fibrosing 
NASH leads to liver fibrosis and ultimately cir-
rhosis [2], increases risks for hepatocellular carci-
noma (HCC) development [3]. Different stage of 
the NAFLD disease spectrum has distinctive his-
topathology features. Simple liver steatosis con-
tains lipid accumulation in hepatocytes [4]. 
Hepatocellular injury, ballooning, and inflamma-
tion were present in NASH.

Excessive import or reduced export or oxida-
tion of free fatty acids (FFAs) can induce hepatic 
steatosis. Lipid accumulation occurs when the 
rate of import or synthesis of FFAs by hepato-
cytes surpasses rate of export or catabolism [5]. 
Either of the following 4 can lead to triglyceride 
accumulation: [1] increased uptake of FFAs into 
hepatocytes due to excess lipolysis from adipose 
tissue stores or dietary intake, [2] increased de 
novo lipogenesis, [3] failure of FFA export 
through VLDL synthesis, and [4] failure of FFA 
elimination due to impaired β-oxidation. NAFLD 
occur where fat droplets accumulate in at least 
over 5% of hepatocytes [6]. The accumulation of 
fat droplets is usually macrovesicular, in which 
one large fat droplet or small well-defined drop-
lets displace the nucleus from the cell center into 
the periphery. Microvesicular hepatic steatosis, 
though less common, may also occur concur-
rently in which very small fat droplets fill the 
hepatocytes without displacing the nucleus from 
the center of the cells. Pure microvesicular ste-
atosis is a rare feature of NAFLD.

NASH is the resultant inflammatory response 
that is stimulated by various additional hits [2]. 1/3 
of NAFLD patients could progress to NASH [7]. 
Liver steatosis, inflammatory cell infiltration and 
hepatocellular ballooning with or without fibrosis 
are the histopathology of NASH. The inflamma-
tion in NASH include lobular inflammation, which 
showed the infiltration of innate immune cells [8] 
and portal inflammation, which is usual and mild 
[9]. “Multiple-hit” hypothesis was reported 
recently for the pathogenesis of NASH, which 
include oxidative stress, inflammation, hyperinsu-
linemia, hyperleptinemia, and hypoadiponec-
tinemia [10]. Of all these factors, oxidative stress 
and inflammation are two mechanisms pivotal to 

NASH genesis. The degree of oxidative stress is 
closely related with the severity of NASH [11, 12]. 
The imbalance of ROS generated by oxidative 
could induce lipid peroxidation and hepatocyte 
cellular damage. These damages affect plasmatic 
membranes, intracellular organelles, mitochon-
drial DNA, and respiratory chain-related proteins. 
Another consequence of increased ROS is that it 
may induce Fas ligand expression as it contains a 
binding site for nuclear factor-κB (NF-κB) and 
promote paracrine-induced apoptotic hepatocyte 
death. Excess FFA also leads to peroxisome prolif-
erator-activated receptor alpha (PPAR-α)–medi-
ated activation of the synthesis of enzymes 
responsible for extra-mitochondrial β-oxidation 
and ω-oxidation pathway. Chronic hepatic inflam-
mation is closely related with NASH. The produc-
tion of pro-inflammatory cytokines including 
TNF-α and interleukin-6 (IL-6) could affect adipo-
kine levels, which induce perpetuation of the loop 
of chronic inflammation [13]. TNF-α increases 
FFA levels by inducing insulin resistance (IR), 
induces ROS formation by uncoupling mitochon-
drial respiration, and induces hepatocyte apoptosis 
and necrosis. Other reported pro-inflammatory 
cytokines that are elevated in NASH include 
IL-1α, IL-1β, and IL-18.

Nevertheless, the exact mechanism of NAFLD 
progression is still unclear. Further research for 
pathogenesis and therapeutic options are pivotal 
considering the increased incidence of NAFLD. 
Animal models that mirror the pathophysiology of 
each stage of human NAFLD progression provide 
important guidance in understanding the disease 
pathogenesis and progression. This chapter will 
summarize the current and most commonly used 
animal models. Moreover, it will briefly outline 
possible therapeutic options that have recently been 
identified using animal models.

11.2	 �Dietary Animal Models 
of NAFLD

11.2.1	 �High Fat Diet (HFD) Animal 
Model

The relationship between NAFLD and obesity 
induce the establishment of a high-fat diet that is 
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similar with Western diets. In HFD animal mod-
els, 45–75% of the animals’ total calorie intake is 
resulted from fat.

The traditional reported HFD comprised of 
71% fat, 18% protein and 11% carbohydrates for 
3 weeks, whereas a standard Lieber-DeCarli diet 
included 35% fat, 47% carbohydrates and 18% 
protein. Although no weight change in rats fed 
with control or HFD, insulin resistance was 
developed as indicated by increased plasma insu-
lin levels [14].

Mice fed with HFD comprised of 45% fat, 
35% carbohydrates and 20% protein showed 
hepatic steatosis as indicated by increased lipid 
accumulation, hepatocyte ballooning and Mallory 
bodies (Fig. 11.1a). HFD could result in a higher 
percentage of cells enriched in lipid. For example, 
Wistar male rats were fed diets with same quan-
tity (15 g/rat/day) for 16 weeks but with different 
composition including high-fat, moderate-fat, 
high-sucrose, and high-fructose groups. The HF 
group had the highest body and liver weight and 
highest percentage of liver steatosis (40%) [15].

The advantage of HFD-fed animal model is 
that it mimic both the histopathology and patho-
genesis of human NAFLD as they induce hall-
mark features observed in human NAFLD 

including metabolic syndrome. However, the 
degree of hepatic steatosis seems to depend upon 
various factors including rodent strain.

11.2.2	 �Methionine and Choline-
deficient ( MCD) Dietary Model

Feeding mice a lipogenic MCD diet is a fre-
quently used and very reproducible nutritional 
model of NASH. The diet is deficient in methio-
nine and choline with moderately fat. Choline is 
an essential nutrient that is stored and metabo-
lized chiefly in the liver. Choline deficient impairs 
hepatic VLDL secretion and results in hepatoste-
atosis, oxidative stress, liver cell death, and the 
alteration of cytokines and adipocytokines [16], 
but only causes mild hepatic inflammation and 
fibrosis. In contrast, mice fed a diet lacking both 
choline and amino acid methionine develop 
severe hepatic inflammation at 2 weeks of MCD 
diet feeding [5, 17] (Fig. 11.1b). Alongside with 
ballooning degeneration of hepatocytes, serum 
alanine aminotransferase (ALT) levels also 
increase [18]. Recent studies suggest that the pro-
gression of steatosis to steatohepatitis in MCD 
mice models involve significant downregulation 

Fig. 11.1  Histopathological features of NAFLD in 
dietary and genetic animal models. Representative 
H&E staining from liver sections of (a) C57 BL/6 mice 
fed with control or high fat diet (HFD) for 12 weeks; (b) 
C57 BL/6 mice fed with control or methionine and 

choline-deficient (MCD) diet for 2 weeks; (c) C57 BL/6 
mice fed with control or choline deficient high fat diet 
(CD-HFD) for 12 weeks; (d) db/db and dbm control mice 
fed with normal chow for 6 weeks
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in expressions of proteins involved in Met metab-
olism and oxidative stress [19].

Compared with other dietary models, MCD 
mouse models better mimicked pathological 
findings of severe human NASH. The typical fea-
tures of NAFLD include inflammation, fibrosis, 
and hepatocyte apoptosis were much more 
quickly and severely than mice fed HFD or 
Western diets. The diet also better models the 
mechanisms implicated in the pathogenesis of 
human NASH.  Endoplasmic reticulum stress, 
oxidative stress, and autophagocytic stress are all 
substantially more active in MCD models than 
other dietary models [20]. Thus, this model is 
ideal for studying histologically advanced NASH 
and the mechanisms of inflammation and fibrosis 
in NASH.  It must be noted that studies have 
shown that different mouse strains respond dif-
ferently towards the MCD diet.

The disadvantage of MCD model is obvious. 
Instead of being obese, mice fed an MCD diet 
exhibit significant weight loss, cachexia, without 
metabolic profile of human NASH, and low 
serum insulin, fasting glucose, leptin and triglyc-
eride levels [21]. Hence, MCD diets are often fed 
to db/db or ob/ob mice in order to better mimic 
human NASH.  MCD diet fed db/db mice are 
obese and showed marked hepatic inflammation 
and fibrosis [22].

11.2.3	 �High Cholesterol Diet Model

Dietary cholesterol is an important factor in the 
progression of steatohepatitis and hepatic inflam-
mation in both animal models [23–25] and 
humans [26]. Mice fed a high-cholesterol diet 
(HCD) (1%) alone show striking increases in 
serum insulin levels but only slight increases in 
liver weight, triglyceride, FFAs, and serum ALT 
[26]. However, when high-cholesterol is given in 
conjunction with high-fat or high-cholate, fea-
tures of NASH are much more pronounced. Mice 
fed a high-fat (15%), high-cholesterol (1%) diet 
(HFHC) showed greater weight gain, greater 
hepatic lipid accumulation, elevated serum ALT 
level, decreased adiponectin, adipose tissue 
inflammation, and fibrosis, the features of which 

were much more severe in HFHC mice than HFD 
or HCD mice [26]. Similarly, mice fed a high-
cholesterol (1.25%), high-cholate (0.5%) diet 
also showed greater steatosis, inflammation, 
hepatocellular ballooning and fibrosis [23, 27]. 
Mice fed with 23% fat, 424  g/Kg sucrose 
and1.9 g/kg cholesterol diet or choline-deficient 
high fat diet (CD-HFD) for 3 months developed 
pronounced steatohepatitis (Fig. 11.1c). Several 
studies suggest dietary cholesterol reduces VLDL 
synthesis and β-oxidation of fatty acids and 
increases apoptosis and hepatic oxidative stress 
[25, 26].

11.2.4	 �High Fructose Diet Model

Epidemiologic data suggests that humans con-
sume a significant number of calories from fruc-
tose rich foods and this has been paralleled with 
the development of obesity and NASH in humans 
[28]. C57BL/6 mice a HFD or high-fat high-
fructose (HFHF) diet showed similar fructose 
consumption [28]. In a study from our group, 
CXCR3-knockout and C57BL/6 wild-type mice 
were fed a similar HFHF diet comprising of a 
HFHC diet supplemented with 23 g/L of fructose 
in drinking water. Results showed that CXCR3-
knockout mice had improved liver histology, sig-
nificantly lower necroinflammation, and reduced 
lipid peroxidation. This suggests that CXCR3 
plays a pivotal role in NASH development in 
HFHF mouse models [29].

11.3	 �Genetic Animal Models 
of NAFLD

11.3.1	 �db/db and ob/ob Genetic 
Animal Model

db/db mice are homozygous for the autosomal 
recessive diabetic gene (db). The db gene encodes 
for a point mutation of the leptin receptor (Ob-
Rb), which leads to defective signaling of leptin 
hormone [30]. Thus, db/db mice have normal or 
elevated levels of leptin but are resistant to its 
effects. Leptin is responsible for regulating 
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feeding behaviour by promoting satiety. These 
mice have persistent hyperphagia and are obese 
and diabetic [31]. They show severe hyperglycae-
mia, hyperinsulinemia, elevated serum leptin, 
and develop macrovesicular hepatic steatosis [5, 
22, 32] (Fig. 11.1d). Prolonged calorie overcon-
sumption (>1 month) may lead to slightly aggra-
vated hepatic inflammation [30]. Nevertheless, 
db/db mice when fed a control diet rarely display 
features of NASH.  Thus, db/db mice alone are 
good models of NAFLD but not of NASH.

Unlike db/db mice, ob/ob mice have func-
tional leptin receptors but have truncated and 
non-functional leptin. Similarly, these mice are 
grossly overweight, hyperphagic, hyperinsuli-
menic, hyperglycemic, and resistant to insulin, 
and develop spontaneous marked liver steatosis 
[30] but not steatohepatitis. Secondary insults are 
also required to trigger steatohepatitis. This may 
be provided through exposure to MCD diet, 
HFD, small doses of lipopolysaccharide endo-
toxin [31], ethanol or hepatic ischaemia-reperfu-
sion challenge [5]. ob/ob mice are essentially 
resistant to fibrosis because leptin is essential for 
hepatic fibrosis [32].

Unlike dietary models, db/db and ob/ob mouse 
models exhibit features of human metabolic syn-
drome. When fed a standard diet without an addi-
tional hit, these mice are useful models of 
NAFLD as they develop pronounced hepatic ste-
atosis. With the addition of a second-hit like 
MCD diet, db/db mice can also be used to study 
the progression of steatosis to NASH. However, 
congenital leptin deficiency and leptin resistance 
caused by gene mutation in obese humans are 
extremely rare [33], so db/db and ob/ob mice 
models are limited in reflecting the aetiology of 
human obesity, insulin resistance and hepatic 
steatosis.

11.3.2	 �foz/foz Genetic Model

foz/foz mice have a mutated Alms1 which have a 
possible role in intracellular transport and appe-
tite regulation [34]. foz/foz mice are morbidly 
obese, hyperphagic, and develop IR, significantly 
reduced adiponectin levels, increased cholesterol 

levels, and steatosis. A HFD promotes the transi-
tion of steatosis to NASH with severe fibrosis in 
these mice by attenuating metabolic complica-
tions, resulting in further decreased adiponectin 
levels and elevated cholesterol levels. However, 
the severity of diet-induced NASH in foz/foz 
mice depends on the strain. When foz/foz BALB/c 
and C57BL6/J mice were fed a HFD, weight gain 
was equivalent, suggesting that the appetite 
defect in foz/foz mice is independent of strain, 
however NAFLD was much more severe in foz/
foz C57BL6/J mice than in foz/foz BALB/c mice. 
IR, hyperinsulinaemia, obesity, and substantial 
NAFLD-related liver fibrosis were exhibited in 
foz/foz C57BL6/J mice but not in foz/foz BALB/c 
mice. These findings suggest that although obe-
sity in foz/foz mice is equal, the responses to obe-
sity including features of NASH are dependent 
on strain [35].

11.3.3	 �db/db Genetic Supplemented 
Dietary NASH Model

In addition to MCD diet, a recent study found 
that iron overload in db/db mice can also cause 
progression of NAFLD to NASH and fibrosis. 
Unlike db/db mice fed a normal chow diet, db/db 
mice fed a chow diet supplemented with high 
iron showed hepatocellular ballooning, fibrogen-
esis increased hepatic oxidative stress, inflamma-
some activation, hepatic inflammatory immune 
cell activation and impaired hepatic mitochon-
drial fatty acid β-oxidation [36].

11.4	 �Animal Models of NAFLD-
Induced HCC

HCC is the third most common cause of cancer-
related death worldwide. There is a weighty con-
nection between NASH and HCC. Liver cirrhosis 
is the most important risk factor for HCC 
although HCC could occur in non-cirrhotic 
NASH [8]. Increased fat uptake, hepatic steato-
sis, and NASH are all incremental risk factors for 
HCC. 4–27% of patients with NASH-related cir-
rhosis ultimately progress to HCC [3]. Long-term 
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follow up studies reveal that the prevalence of 
HCC in NASH patients is 0–2.8% [3, 37, 38].

Current mouse models of NAFLD and NASH 
do not replicate pathological process from fatty 
liver, NASH, and fibrosis to HCC. Various exper-
imental mouse models for HCC are present but 
only a few of them represent NAFLD-induced 
HCC [39].

11.4.1	 �Diet NAFLD-Induced HCC 
Model

Models fed with only one type of diet have dis-
tinctive limitations. C57BL/6 mice fed MCD or 
CD diets is lean without insulin resistance. HFD-
fed mice do not exhibit NASH-like pathology 
whereas mice fed a MCD or CD diet do. To solve 
this problem, Wolf et al. proposed a mixed diet 
model combining choline deficient diet and HFD 
for the investigation of NAFLD-induced HCC 
development. Liver steatosis, features of meta-
bolic syndrome and liver damage reflected by 
elevated serum ALT and AST levels were present 
concurrently in this novel model. Features of 
liver damage were reminiscent of human NASH 
including oxidative stress, hepatocyte balloon-
ing, immune cell infiltration, glycogeneated 
nuclei, and MDB. Liver analysis of HFD versus 
CD-HFD mice found that tumor incidence in 
HFD mice is only 2.5% while incidence in 
CD-HFD mice is 25% [40].

In another diet model, C57BL/6 mice are fed a 
choline-deficient L-amino-acid-defined-diet 
(CDAA). The mice develop liver injury that 
mimic NASH features that lead to HCC. Treatment 
of mice with CDAA induced insulin resistance, 
increase in hepatic steatosis, modifications of 
enzymes of carbohydrate and lipid metabolism, 
liver damage, and fibrosis. HCC developed after 
9 months of feeding [41].

Asgharpour et  al. recently reported a diet-
induced animal model that recapitulates the key 
human NASH-HCC features. They generated an 
isogenic mouse strain B6/129 by repeating 
brother-sister mating of the C57BL/6  J and 
129S1/SvlmK mice for over 4-years. B6/129 
mice fed with high fat high carbohydrate diet will 
sequentially develop steatosis in 4–8  weeks, 

NASH in 16–24  weeks and HCC at week 52, 
which may be an ideal preclinical model of 
NASH-HCC investigation [42].

11.4.2	 �Combined Chemical & Dietary 
NAFLD- Induced HCC Model

CDAA diet C57BL/6 mice subjected to low dose 
intraperitoneal injections of Carbon Tetrachloride 
(CCl4) have more marked features of NASH and 
HCC. Mice had greater steatosis, lobular inflam-
mation, and fibrogenesis when compared with 
CDAA diet alone. In addition, CDAA C57BL/6 
mice showed presence of HCC only in 35% of 
cases but CDAA + CCl4 group showed presence 
of HCC in all mice and with a significantly higher 
average tumour diameter. Thus the CDAA+CCl4 
model better represents NASH and its progres-
sion to HCC than CDAA diet alone model [41].

In another combined chemical and dietary 
model, Mice fed a HFD and treated with 
Streptozotocin (STZ), a glucosamine-nitrosourea 
compound, is toxic towards pancreatic β cells and 
induces hypoinsulinemia, hyperglycaemia, and 
diabetes in mice. STZ-primed mice stimulated 
with HFD induced histological changes includ-
ing steatosis, lobular inflammation, fibrosis and, 
at 20 weeks, tumor protrusion. Male STZ-HFD 
mice developed significant proliferation of hepa-
tocytes at 16  weeks and eventually HCC.  The 
model provides insight into the mechanism link-
ing metabolic disorder, NASH and HCC [43].

11.4.3	 �Genetic NAFLD-Induced HCC 
Model

Phosphatase and tensin homolog (PTEN) is a 
tumor suppressor gene through its lipid phospha-
tase activity and is mutated in many human can-
cers [44]. PTEN is a putative tumor suppressor in 
liver and PTEN loss could promote cell prolifera-
tion, inhibit apoptosis and induce tumor forma-
tion. Mice with PTEN loss in hepatocytes develop 
features similar to human NASH and NASH-
induced HCC [45]. Hepatocarcinogenesis is evi-
dent in PTEN-deficient mice as liver tumors were 
present in 66% of male and 30% of female 
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PTEN-deficient mice at 40–44 weeks and patho-
logical examinations showed that HCC was pres-
ent in 83% of male and 50% of females at 
74–78 weeks [45]. Thus, this model is useful for 
not only the understanding of pathogenesis of 
NASH but also the progression to HCC.

11.4.4	 �Combined Genetic 
and Chemical NAFLD-Induced 
HCC Model

Shen et  al. found that genetic obesity in db/db 
mice is a direct promoter of NASH-HCC devel-
opment. Compared to wild-type lean mice, db/db 
mice treated with carcinogen diethylnitrosamine 
(DEN) had higher body weight, higher liver 
weight, hepatic steatosis, higher HCC incidence, 
and tumor nodules significantly higher in number 
and larger in size. Results also found that these 
mice had genetic alterations in inflammation-
related pathways and mutations in Cel, which 
leads to endoplasmic reticulum (ER) stress and 
cell proliferation. Findings from this mouse 
model suggest that obesity and NASH increases 
susceptibility of HCC development [46].

11.5	 �Usage of Animal Models

Animal models are crucial in elucidating the 
mechanisms and pathways involved in the patho-
genesis of the NAFLD progression. Often studies 
using the aforementioned animal models may 
provide encouraging results for future treatments 
for NAFLD and NASH.

Using HFD mice models, Jin et  al. reported 
that Cyclin D3-cyclin-dependent kinase 4 
(CDK4) activation is a crucial event in NAFLD 
progression [47]. C/EBPα and C/EBPβ are mem-
bers of the C/EBP protein family, which control 
multiple functions in different tissues and are 
involved in the development of NAFLD. C/EBPα 
is a strong inhibitor of liver proliferation. Its 
functions and biological activities on the liver are 
controlled by post-translational modification at 
the Ser193 amino acid site. Cyclin D3-cyclin-
dependent kinase 4 (cdk4) phosphorylates C/

EBPα on Ser193 causing it to form a complex 
with chromatin remodeling protein p300. C/
EBPα-p300 causes C/EBPα-dependent growth 
arrest. HFD activates cdk4  in wild-type mice, 
leading to an increase in C/EBPα-p300 com-
plexes. Similarly, HFD-mediated steatosis, fibro-
sis, and liver injury are inhibited in Cdk-4 
resistant C/EBPα-S193A mice. These findings 
suggest that elevation of cdk4 is a key event in the 
development of NAFLD and cdk4 inhibition can 
be considered as a possible treatment for 
NAFLD. Using db/db mice model, Li et al. dem-
onstrated that Carboxylesterase 2 (CES2) is a 
novel triglyceride hydrolase in lipid regulation 
and NAFLD [48]. Glucagon-like peptide-1 
(GLP-1) is a neuropeptide that induces pancre-
atic β-cells to release insulin in response to glu-
cose, restores glucose sensitivity of β-cells, and 
promotes β-cells proliferation. Exendin-4 is a 
GLP-1 analogue that is resistant to such inactiva-
tion and is hence a target for the treatment of type 
2 diabetes mellitus. Using MCD-fed db/db mice 
model, Yamamoto et  al. showed that exendin-4 
treatment prevented MCD-induced steatohepati-
tis with decreased lipid accumulation and FFA 
content. Results found that exendin-4 exerted 
such effects via three mechanisms. Firstly, exen-
din-4 could suppress SREBP-1c-related hepatic 
de novo lipogenesis. Secondly, it was observed 
that exendin-4 attenuated the MCD-diet induced 
decrease in levels of peroxisomal acyl-coenzyme 
A oxidase 1 (ACOX1) mRNA. This suggests that 
exendin-4 induces lipid oxidation, as ACOX1 is 
an enzyme involved in hepatic β-oxidation. 
Lastly, fatty acid transport protein 4 (FATP4) 
plays an important role in hepatic fatty acid 
uptake and exendin-4 administration attenuated 
the MCD-diet induced increase in liver FATP4 
mRNA, thus suggesting a decrease in hepatic 
FFA influx. With regards to hepatic inflamma-
tion, exendin-4 reduced hepatic inflammation 
score, levels of a hepatic ROS marker namely 
MDA, and levels of pro-inflammatory cytokines 
and chemokines such as TNF-α and monocyte 
chemoattractant protein-1 (MCP-1). These data 
found using a MCD mice model shed light on the 
possible use of exendin-4 for the treatment of 
non-obese patients with NASH [49].
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11.6	 �Conclusion

The animal models aforementioned in this chap-
ter are useful tools in studying the pathogenesis 
of NAFLD and the identification of possible ther-
apeutic options. However, they are not perfect to 
characterize all the features of NAFLD.  Some 
replicate the histopathology of NAFLD remark-
ably but not the physiological properties, and 
others vice versa. Therefore, more accurate ani-
mal models that better mimic the disease spec-
trum are still essential and need further study.
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