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Abstract

Non-alcoholic fatty liver disease (NAFLD) is characterized by the deposition of
triglycerides in the hepatocytes causing their injury resulting in non-alcoholic
steatohepatitis (NASH), fibrosis, and cirrhosis, as a healing response, and may progress to
hepatocellular carcinoma (HCC). We aimed to establish an animal model for
NAFLD/NASH by the use of a high-fat diet. A total number of 30 adult male mice were
categorized into two groups; control, high-fat diet (HFD) 15 animals each. The livers of
these animals were excised and processed for histological examination for the progress of
NAFLD/NASH changes. At the end of the experiment, the mice were slaughtered at 11,
13, 15, and 17-week intervals. Liver specimens and blood samples from all animal groups
were collected. The liver specimens were processed and stained with hematoxylin & eosin.
Blood samples were processed for liver functions. Our results demonstrate that NASH was
established 17 weeks after high-fat diet administration.
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Introduction:

Non-alcoholic fatty liver disease (NAFL- The absence of adequate animal models
D) is the most prevalent chronic liver di- limits NAFLD research in humans. The
sease and its incidence is quickly growing optimal NAFLD animal model should
across the world. It affects 10- 24% of the represent all characteristics of human
population (). NAFLD etiopathogenesis as well as the
NAFLD is a sequence of events started by usual histological findings of its various
the deposition of lipid within the liver phases )

cells (simple steatosis) that may lead to a There was no such animal model till tod-
spectrum of histopathological findings. ay. As a result, researchers aimed to deve-
Approximately 30- 40% of patients with lop an appropriate model of NAFLD that
simple steatosis develop non-alcoholic mimicked at least the most relevant pa-
steatohepatitis (NASH). The body respo- thogenic and histological aspects of NA-
nds to the injured liver by a process of FLD. The selection of an appropriate an-
fibrosis, as a part of the healing process, imal model for this disease may aid in im-
with subsequent cirrhosis, which may be proving knowledge of its complicated eti-
complicated by hepatocellular carcinoma ology and the development of relevant
@)- treatment methods.

12



SOHAG MEDICAL JOURNAL
Vol. 26 No. 2 May 2022

Animal Model of Non-Alcoholic Steatohepatitis in Histology

Samira M. Mohamed

Materials and methods
1-Experimental design

30 Adult male Balb/c mice; about 2 mo-
nths old with an average weight of 25 gm,
were purchased from Assuit Experime-
ntal Animal Facility, Assiut University,
Egypt. Animals were housed in Sohag U-
niversity Animal House with free access
to water and chow. They were maintained
in ventilated metal cages on a 12-h lig-
ht/12-h dark cycle at room temperature
(22 = 2 °C) and humidity (50 = 10%).
They were acclimatized to this environ-
ment for one week before the experiment.
This study was approved by the ethics co-
mmittee of the Faculty of Medicine at
Sohag University. The animal protocol
was approved by the Laboratory Animal
Care and Use Committee of Sohag Univ-
ersity Faculty of Medicine.

Animals were randomly divided into
two groups of 15 animals each:

Group I: control group, fed standard diet
(SD)

Group II: fed high-fat diet (HFD) (71%
fat, 11% carbohydrates, 18% protein) for
17 weeks.

2. Body weight and liver weight coef-
ficient

The animals were sacrificed after being
anesthetized, and a dose of 100mg/kg
body weight of ketamine was injected in-
traperitoneally ). The liver was resected
and meticulously weighed at different ti-
me points (11, 13, 15, and 17 weeks) after
HFD feeding to evaluate structural cha-
nges and the starting time of NAFLD or
NASH development. The liver tissues w-
ere removed and weighed The liver-to-
body weight coefficient was calculated
for each animal as the ratio of the liver
(wet weight mg) to body weight (g) in all
groups ©.
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3. Biochemical studies

Intracardiac blood samples were immedi-
ately taken after scarification from all ani-
mals and processed for assessment of ser-
um liver enzymes (ALT & AST) and lipid
profile [cholesterol, triglycerides (TG),
high-density lipoprotein (HDL), and low-
density lipoprotein ( LDL)].

4. Histological studies

Liver samples were taken from the right
lobes of all animals studied and promptly
fixed in a 10% formalin solution, emb-
edded in paraffin blocks, cut to 5m thi-
ckness, mounted on glass slides, and sta-
ined with hematoxylin and eosin.

5- Statistical analysis:

Animal body weight, Liver weight coe-
fficient, liver enzymes and, Plasma FFA
levels of animals

of both groups were estimated at the time
end of the experiment.

All data were expressed as mean + stan-
dard error (SEM). Data analyses were
performed using

SPSS software (version 16.00; SPSS Inc.,
Chicago, Illinois (JUSA) with a statistical
significance

of P<0.05. Graphs were drawn in the Gr-
aphPad Prism software (version 6).

Results

Animal body weight:

The animal body weight increased signi-
ficantly in HFD groups as compared to
the matching control groups. from the 5™
week. The mean animal body weights in
all groups of the experiment were sum-
arized in table 1 and Fig. 1.

Liver weight coefficient:

The liver weight coefficient increased si-
gnificantly in HFD groups as compared to
the comparable control groups. which w-
ere progressive with the increase of the
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duration of HFD ingestion. The mean liv- experiment were summarized in table 1
er weight coefficients in all groups of the and Fig.1.

El Body weight
Liver weight coefficient
S0 * K

Weight (¢)
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Control
Fig. 1: Liver weight coefficient

Table (1): Body weight and Liver weight coefficient

Liver weight Liver weight
Weight coefficient of control coefficient of HFD P-value
animals (mean£SD) animals (mean+SD)
Body weight 33.1+0.8 42.3+1.2* <0.01
Liver weight coefficient 5.6£0.4 8.9+0.3* <0.05

* significant compared to the control at the corresponding time point (P value<0.05).

Biochemical results:

A significant increase in the liver enzy- the duration of HFD ingestion. The mean
mes and plasma free fatty acids FFA (ch- liver enzymes in all groups of the exper-
olesterol, TG, and LDL-C) with no signif- iment were summarized in table 2, Fig. 2,
icant changes in the HDL in HFD groups and the mean plasma FFA in all groups
as compared to that of the corresponding of the experiment were summarized in
control groups were observed and it was table 3 and Fig. 3.

directly proportional with the increase in

4001 mALT %
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Fig. 3: Plasma FFA levels

Fig. 2: liver enzymes
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Table (2): liver enzymes

Liver enzymes Control HFD P value

ALT 51.0+5.4 260.1+11.1 <0.05

AST 43.5+2.7 316.7+25.7 <0.05

Table (3): Plasma FFA levels

FFA in plasma Control HFD P value
Cholesterol 130.545.5 274.1+18.1 <0.05
Triglyceride 89.5+5.0 216.5+20.5 <0.05

HDL 64.5+2.5 47.145.0 > 0.05

LDL 51.5+2.0 133.7439.0 <0.05

Histological results:

All of the animals in Group | had compa-
rable outcomes. The H&E-stained liver
slices revealed hepatocyte plates in the
hepatic lobules spreading from the central
vein to the periphery, with blood sinus-
oids in between. Hepatocytes possessed
acidophilic vacuolated cytoplasm, a vesi-
cular nucleus, and some were binucleated
(Fig.4a).

At the 11th week of HFD ingestion: The
architecture of the hepatic lobules was fo-
und to be more or less normal in the inve-
stigated liver sections. cellular infiltrate-
ions and apoptotic changes in the form of
highly acidophilic cytoplasm and pykno-
tic nuclei were observed. The nuclei were
of different sizes some of them were
enlarged, while others were shrunk (Fig.
4b).

At the 13th week of HFD ingestion: The
same results but cellular infiltrations and
apoptotic changes were more prominent.
Most hepatocytes appeared with rarified
cytoplasm (Fig. 4c).
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At the 15th week of HFD ingestion: The
same results with signs of fatty degener-
ation in hepatocytes were more obvious.
There was congestion in the central vein
and sinusoidal congestion. Macro and mi-
crovesicular steatosis was seen in many
hepatocytes (Fig. 4d).

At the thel7th week of HFD ingestion:
There were congestion and dilatation in
the portal veins. Inflammatory cellular in-
filtrations were observed especially arou-
nd the ballooned hepatocytes as well as
within the portal areas. Many hepatocytes
showed both macrovesicular and micro-
vesicular steatosis mainly in zone I1l. Ba-
llooning degeneration of most hepatic-
ytes was observed with rarified acidoph-
ilic cytoplasm. Mallory-Denk bodies we-
re frequently observed as acidophilic inc-
lusions around the nuclei, especially of
ballooned hepatocytes. Some hepatocytes
appeared with highly acidophilic cytopla-
sm and pyknotic nuclei. Glycogenated
nuclei were observed in some hepatic-

ytes (Fig. 4e).
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Fig .4: Photomicrographs of liver sections from animals of control groups and HFD groups.

(a) control liver with normal architecture and hepatocytes radiating from the central vein with
acidophilic cytoplasm and central rounded vesicular nucleus. (b) HFD group at 11"-week changes
in form of inflammatory cellular infiltration ( star), apoptotic hepatocytes (thick arrows), and
sinusoidal congestion( arrow). (c) HFD group at 13"-week changes in form of inflammatory
cellular infiltration ( thick arrow) and rarified cytoplasm of most of the hepatocytes. (d) HFD group
at 15"-week changes in form of macrovesicular steatosis (thick arrows), sinusoidal congestion (thin
arrow), and central vein congestion ( star). (¢) HFD group at 13"-week changes in form of macro
and microvesicular steatosis, central vein congestion, Mallory-Denk bodies (thick arrow), and
glycogenated nuclei ( thin arrow) (H and E x400)

Table (4) : nonalcoholic fatty liver disease activity score ( NAS score) (14).

Item Definition Score
Steatosis <35% 0
5%-33% 1
> 33%-66% 2
> 66% 3
Lobular inflammation No foci 0
< 2 foci per 200 x field 1
2-4 foci per 200 x field 2
> 4 foci per 200 x field 3
Ballooning None 0
Few balloon cells 1
Many cells/ prominent ballooning 2
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Discussion :

NAFLD is considered a hepatic hallmark
of metabolic syndrome (¥. NAFLD has
been on the rise in recent years, along
with rising rates of obesity, hyperlipide-
mia, and type 2 diabetes - NAFLD/
NASH is recognized as the most preva-
lent chronic liver disease globally, with
an estimated incidence of around 20% of
all people having NAFLD and 2% to 3%
of individuals having NASH ®, Because
the pathophysiology of NASH is unkno-
wn, therapies for NASH other than dieta-
ry and exercise modifications have yet to
be adequately identified ©.

The use of humans in NAFLD/NASH re-
search has significant constraints concer-
ning time, sample collection, and ethical
considerations 19, Animal models of N-
AFLD/NASH provide information on di-
sease pathophysiology as well as the trea-
tment effects of different medicines. Th-
ese animal models must accurately mimic
both the histology and pathogenesis of h-
uman NAFLD/NASH V- Many animal
models of NAFLD/ NASH have been de-
veloped which do not reflect the full spe-
ctrum of the disease in humans, but they
can give an idea about the pathogenesis of
NAFLD/NASH and in searching for
curative treatment for this disease.

We believe that in the future, animal m-
odels that fully mirror the histology and
pathophysiology of human NAFLD/NA-
SH will be produced and that employing
these models will expand knowledge ab-
out the etiology and therapy of NAF-
LD/NASH. Animal models of NAFLD-
/INASH are divided into three types: gen-
etic models, nutritional models, and mo-
dels that combine genetic and nutritional
components @1

Genetic models such as SREBP-1c trans-
genic mice, Ob/ob mice, Db/DB mice,
KK-Ay mice, PTEN null mice, Perox-
isome proliferator-activated receptor-a
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knockout Mice PPAR-a knockout mice,
Acyl-coenzyme A oxidase null mice AO-
X null mice, and Methionine adenosyl-
transferase-1A null micMAT1A null mi-
ce. Nutritional models such as Methio-
nine and choline-deficient diet, High fat,
Cholesterol, and cholate enriched diet and
Fructose enriched diet %

Despite advances in noninvasive clinical
assessments and image-based NAFLD
diagnosis, histological assessment of bio-
psy specimens remains the gold standard
for diagnosing NAFLD/NASH (12)- Steat-
osis, lobular inflammation, and hepatoce-
[lular ballooning are all required for NA-
SH diagnosis; fibrosis is also commonly
noted. Hepatocellular glycogenated nuc-
lei, lipogranulomas, acidophil bodies,
Mallory -Denk bodies, iron deposition (in
hepatocytes or sinusoidal lining cells),
and Megamitochondria are further hist-
ological abnormalities seen in NASH (in
hepatocytes) (13)-

Diagnosis of NASH based on nonalco-
holic fatty liver disease activity score (
NAS score) -table 4 - if NAS score >5 it
is diagnosed as NASH but if <5 it is not
NASH (14)

In our study, we used a nutritional mice
model of a high-fat diet as follows (71%
of energy obtained from fat, 11% from
carbohydrates, and 18% from proteins)
for 17 weeks. from the 51" week, there was
an increase in the coefficient of both ani-
mal body weight and liver weight. Also,
there was a marked elevation in liver
enzymes and free fatty acids. From the 8™
week, hepatocellular changes started to
appear in form of central vein and sinus-
oidal congestion, ballooned hepatocytes,
macrovesicular and microvesicular stea-
tosis, glycogenated nuclei, Mallory-Denk
bodies, and inflammatory cellular infilt-
rations.
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So according to ( NAS score) our results
show NAS score = 6 so our animal model
success reflects the histopathological
changes of NASH and we hope to do fur-
ther study to test the possible protective
and therapeutic agents for NASH by usi-
ng this animal model for NASH.
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