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Abstract: Non-alcoholic fatty liver disease (NAFLD) is a chronic liver disease closely associated with

metabolic syndrome, and its animal models are essential for investigating the pathological mechanisms and disease
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progression of NAFLD. Currently, the most commonly used NAFLD animal models include the high-fat,
methionine- and choline-deficient diet (HFMCD) and the high-fat diet (HFD)-induced mouse models. In this study,
we compared NAFLD mouse models established by an 8-week HFMCD diet and a 12-week HFD, systematically
evaluating differences in liver weight, histological alterations, lipid metabolism, and inflammation-related gene
expression. The experimental results showed that, compared with the normal chow diet (NCD) group, mice in the
HFMCD group exhibited significant reductions in body weight and blood glucose levels, whereas those in the HFD
group exhibited significant increases. Both dietary models led to an increase in liver weight; however, hematoxylin
and eosin (H&E) staining revealed more severe liver damage in the HFMCD group. Oil red O staining indicated a
significantly greater degree of hepatic lipid accumulation in the HFMCD group than in the HFD group.
Quantitative PCR (qPCR) analysis demonstrated that, compared with the NCD group, both the HFMCD and HFD
groups exhibited significantly elevated hepatic expression of inflammatory cytokines. Sirius red staining
demonstrated pronounced hepatic fibrosis in the HFMCD group, accompanied by a significant upregulation of
genes associated with collagen synthesis, whereas the HFD group exhibited no evident fibrotic alterations. F4/80
immunohistochemical staining showed increased hepatic macrophage infiltration in both models, with a
significantly higher number of F4/80-positive macrophages in the HFMCD group than in the HFD group. In
conclusion, the HFMCD and HFD-induced NAFLD models exhibit distinct pathological characteristics and
molecular mechanisms. The HFMCD model is more suitable for studying the progression of NAFLD to non-
alcoholic steatohepatitis (NASH), whereas the HFD model is more appropriate for investigating the metabolic
mechanisms of simple steatosis. This study provides experimental evidence for NAFLD research and offers
guidance for selecting appropriate animal models based on specific research objectives. All experimental animals
used in this study were approved by the Animal Care and Use Committee of Nanjing University and were handled
in strict accordance with the guidelines and recommendations provided by the Nanjing University's Animal Ethics
Committee.
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Figure 1

Changes in body weight, blood glucose, and liver weight in non-alcoholic fatty liver disease (NAFLD) mice induced by the high-

fat, methionine- and choline-deficient (HFMCD) diet and the high-fat diet (HFD). A-C: Changes in body weight (A), blood glucose levels

(B), and liver weight (C) of mice after 8§ weeks of HFMCD induction; D-F: Changes in body weight (D), blood glucose levels (E), and liver

weight (F) of mice after 12 weeks of HFD induction; G: Representative liver morphology images from HFMCD and control groups after

8 weeks, as well as HFD and control groups after 12 weeks. n=6,x£s. ‘P < 0.05, P < 0.001, ""P < 0.000 1 vs NCD group
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Figure 3 mRNA expression levels of hepatic inflammatory

cytokines in NAFLD mice induced by HFMCD and HFD. A:
qPCR analysis of inflammatory gene expression (TNF-a, IL-14, and
IL-6) in the liver of mice after 8 weeks of HFMCD induction; B:
qPCR analysis of inflammatory gene expression (TNF-a, IL-1f, and
IL-6) in the liver of mice after 12 weeks of HCD induction. n = 3,
x+s5. "P<0.01,""P<0.001, P < 0.000 1 vs NCD group

Al F mRNA £k &% L% (P <0001, P <
0.000 1, P < 0.000 1, [ 3B), $&75 P R R 7 14 g
30175 5 I 98 0E Y
4 HFMCDRE& 5 HFD iR B &R xR AT AR F 41k
A

R B LAt 45 R 4A fis, 5 NCD A L,

NCD 12 weeks HFD 12 weeks

HFMCD 41/~ 5 AT S 80 5 35 10 I SR U RR, 37 I i
() 1 4 Ak 3 20 A8 o AR, HIFD 28 /N SRR AT 9 A 00 5%
B30 B A 4G RRAE ; 40 Bl 4B BTk, HFMCD X & i
B8 A Ja , /N BT E R S & BAE 9% B ] (a-SMA
COLIA1.COL1A2 } COL3A1) ) mRNA 7KV NCD
HEZETHE (P<0.01,P<0.01,P<0.01, P <0.000 1).
SR, HFD AR B8 12 J Ja , /I BT I fie i 6 Ji b O
FEDR AT NCD 4 9% 6 5. # 240 (K 40). ik
F B, HFMCD R & 7£ 15 5 BT JIE 27 4 4k 75 T B 58 5
F G
5 HFMCD X &5 HFD (X 8 &E&E 3t B L A2 HH
A

W 4D i 7, F4/80 S AL e th 85 R IE R, 5
NCD A AH Lt., HFMCD 25 /)y B3 HE o [ W 20 it 922 3]
39N, F4/80 BH 14 24 Jfa %55 5 B S T+ . Ak, HFMCD
ZIEEINDN SR Rl S R AN S C S R A
TETEEAR o A0, B2~ SR FL W) JERE SN o HFD 28 /) B BE
1 F4/80 BH 1 X 38k 78 5 NCD 41 {5 3% 34 in, {5 3 B W 41
Jif 35 A0 RS W 55 F HEMCD 41, 76 5e IR 20 A L 5 4
F I, R Y HFMCD TR & 75 15 5 B WK 48 Al 7% 4 A ¢
i SN 7 THT LA B8 5 PR R

g

NAFLD /& —Fh & % Qs s, Jom B A
F55 A R AR S RN AR AL . 7R B AT E ARG T
NAFLD [ 78 SC#k 7, HFD 7345 132 K HAE N 3 2
(14 3 A A5 70 Ky 7 7 9%, T HEMCD (1) 32 FH DU 4t/ D i
&, (K, % HFD 5 HFMCD % 10 £ 38 15 11 Bb 4
WL ZE S E E . AHE 5L ik HFMCD F1 HFD fi ) 5



EWICRAE: R IR R S 2 R S s R 5 3 NAFLD /s BRSE TR Fr) 3 2 LL 4 - 3423

A Liver Sirius red
NCD 8 weeks HFMCD 8 weeks NCD 12 weeks HFD 12 weeks
o
50 pm. 50 pm 50 pm.
S i L S
B *k
6 124 % 37 sk
< < < s
2 & & &
g 44 g g H
S = &7 N 3
S = = el
z 3 3 3
= O QO &}
g 2T 24 2 2
k - 2 g
&= & & &
0- 0-
=] =] & S
s"& @‘& s“* .s“&
N & &
© <
& &
C
15 ns is 1.5+
< < ns < <
[ Z Z Z ns
Z s & ] & & —
g g g g
S Lo 5 10 Q 5 107
s ~ ~ )
z 3 310 3
i O O QO
2 os 2 0s ) 2 054
5 &= 3z 05 ¥
5 & 5= =
& & & &
0.0 0.0 0.0 0.0-
& q\z?\‘é 6\‘{& 4\23‘ q\a‘\'{: a\e?"& 4\6\‘{3 q\zF‘ 4
v > Q\'\* Q\'\, Q\'» Q’\' Q\'» Q\’\'
O & %C/ & %0 ch é(‘./ Qf‘
D Liver F4/80
NCD 8 weeks HFMCD 8 weeks NCD 12 weeks
s 3 : e A
I N T G T p 5
¥ ./“"\’_'\“ A e o .
” TR vy ‘v 3
P Y g ¢
b e St ¢ B ‘
o < s - St .
‘\. ,‘ " PR ¢ e = 4 # A B ’
el e g PR R s

Figure 4 Sirius red staining and F4/80 immunohistochemical analysis of liver tissues in NAFLD mice induced by HFMCD and HFD. A:

Sirius red staining of liver sections from the HFMCD model (8 weeks) and its control group, as well as the HFD model (12 weeks) and its
control group; B: qPCR analysis of fibrosis-related gene expression (¢-SMA, COL1A1, COL1A2, and COL3A1) in the liver of mice after
8 weeks of HFMCD induction; C: qPCR analysis of fibrosis-related gene expression (a-SMA, COL1A1, COL1A2, and COL3Al) in the

liver of mice after 12 weeks of HFD induction. n = 3, x = 5. D: F4/80 immunohistochemical staining of liver sections from the HFMCD

model (8 weeks) and its control group, as well as the HFD model (12 weeks) and its control group. Magnification: x20. Scale bar: 50 pm
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Table 2 Comparison of NAFLD mouse models induced by HFMCD and HFD

Indicator

HFMCD (8 weeks)

HFD (12 weeks)

Body weight Significantly decreased

Blood glucose Significantly decreased
Liver weight Significantly increased
Liver appearance

H&E staining

Severe steatosis, soft texture

Oil red O staining
accumulation

Inflammatory cytokine mRNA Significantly increased

expression
Sirius red staining Significant liver fibrosis
F4/80 immunohistochemistry

inflammation

Larger vacuoles, more inflammatory foci, severe damage

Larger and more numerous lipid droplets, severe

Significant macrophage infiltration, more severe

Significantly increased

Significantly increased

Significantly increased

Obvious steatosis, less severe than HFMCD
Smaller vacuoles, fewer inflammatory foci
Smaller and fewer lipid droplets, mild

accumulation

Significantly increased

No significant fibrosis

Increased macrophage infiltration, but less severe
than HFMCD
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