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Comparison of High-fat Diet and Methionine-choline Deficient diet induced
by non-alcoholic Steatohepatitis Animal Model*
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ABSTRACT Objective: Comparison of high-fat diet and methionine-choline deficient diet induced by non-alcoholic steatohepatitis
animal model in serology and pathology, and explore the pathogenesis and mechanism. Methods: SD rats feed high-fat diet and C57BL/6
mice feed methionine-choline deficient diet to become model of non-alcoholic steatohepatitis. Liver tissue and blood were harvested after
8 weeks (rats) and 2 weeks (mice), which were detected by TG, CHO, FPG, FINS, HE and oil-red O. At last, the rats were assessed by
NAFLD Activity Score (NAS) and HOMA-IR. Results: The levels of serum TG, CHO, FPG, FINS, HOMA-IR were significantly
increased in NASH rats. The levels of serum TG, CHO were significantly decreased in NASH mice. The results of HE, oil-red O and NAS
show liver tissue of rats and mice have been developed to NASH. Conclusion: Two methods can be simulated human NASH disease in
serology and pathology, high-fat diet induced by NASH model can simulate the process and mechanism of human NASH disease, and
this model can copy insulin resistance and oxidative stress, so this method have more advantage in NASH research field.
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1.1 SEEe#r#d

1.1.1 sE36%h4  SD KB (SCXK- & -2012-0001) )2 C57BL/6
/NEL(SCXK- 5 -2013-0001 )14 [F b 5% 4 38 1] 42 SC 36 S A BR
AT

112 A EFERS  Hil =M (Triglyceride, TG) J&l i [ %
(Cholesterol total, CHO ). %5 i Ifil #¥ (Fasting plasma glucose,
FPG) e kil &, W A P AE i Iy A RR A/l o =S IR IR 3%
(Fasting insulin, FINS) i S0 s 1205 &, W B db AR S A= g HoR
T, R EHEC T - 88 %SRRI} +10% 57 +2%6/H [ B,
W B At s A B R AR I A A FRA 7] s MCD fRpRHEC s : L- &
FER 175.7 glkg FEME 441.9 g/kg  EBRIEH 150.0 gkg £ i
A ZFHE 50.0 g/kg £ 4E R 30.0 g/kg, T KA 100.0 g/kg R IR S
B 7.4 gkg FhIRGY 35.0 ghg 44 RIRGH) 10.0 gkg, 9 1
MW NEBEE L U S /N S
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122 mAgEENE RHLOE, £ 3T IUR I
KT A I I v H I =R (Triglycerid, TG) K g IH [ i
(Cholesterol, CHO ) i & 1

123 BEBERPAKENE  Ebo g8 Il i 2 1 i g
(Fasting Plasma Glucose, FPG ) i) & 1, S 2 ki ifiL 75 v 2s 18
Ji& 1% 2 (Fasting Insulin, FINS ) A9 3 & MR 4522 20314 HOMA-IR
84, H) HOMA-IR= 75 Jif i f# (FPG, mmol/L)x =5 il /5 %
(FINS, mIU/L)/22.5,

124 FFALREZRN HH AN AT A (4pm) K&
HE Y468, GBS I 48 A5 k7R U0 7 (10 um) 47 5 R AL O 4
& JEEOMSEIT % o NASH S B2 Widnifiik F§ NAFLD i 3l
BEFHAB(NAFLD Activity Score, NAS ) #Ef71F4l . NAS ZH 412
W RGN 14 BURIAS 3 BHEFR AT 1 20 € iP5
(1),

% | NAFLD i&sh RS (NAS )AL S1E 53 HI Wi R
Table 1 Histopathologic score standard of NAFLD activity score(NAS)

BEES BFRERAZE INFE R R SE FFRBE S Bk IEEE
Score Hepatic steatosis Inflammation in hepatic lobule Ballooning degeneration of liver cells
0 <5% Jo¥&*t without lesion It without
1 5%~ 33% <2 DESIKIELH R a few of ballooning degeneration
2 34%~ 66% 2~4 K% | BESIKFET most of ballooning degeneration
3 >66% >4

7E:NASz 5 53 E AT HARS NASH B2 HT; NAS<3 43 NI AT HEBRNASH ; P& 2 8% 5 NASH Al 8t,
Note: NAS= 5 diagnosed with NASH; NAS< 3 ruled out NASH; 3= NAS< 5 suspected NASH
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(P<0.05),
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| S LRRTRE B ST 2R
Fig. 1 Observation of the whole liver in each group
FAKRRERKREMNBE B: ARSER|ERE
C:/NiR MCS 38840 D:/INR MCD #REIZH
Note: A:the normal group of rat B:the model group of rat

C:the MCS group of mouse D:the MCD group of mouse

%2 SD kRMmiEs TG.CHO f&E(x+ s,n=10)
Table 2 The content of TG, CHO in the SD rat serum

#8351 Group TG(mmol/L) CHO(mmol/L)
EERERA
0.56x 0.04 1.68+ 0.19
The normal group
(=017 8 =g Eilke|
0.65+ 0.02* 2.81% 0.79*
The model group

iE* REEXRERRER LR, P<0.05,

Note: * represent compared with the normal group of rat, P<0.05.

N 3 fiizR, S/ MCS X B2 L5, MCD BERLZH 1fi 3
FHh =R (TG) S B B B2 CHO ) 14 75 ek ik 2 AR
% 3 C57BL/6 /NRIMIEH TG.CHO KI& & (xt 5,n=10)
Table 3 The content of TG, CHO in the C57BL/6 mouse serum

2851 Group TG(mmol/L) CHO(mmol/L)
MCS B840
02.06x 0.74 3.46% 1.10
the MCS Control group
MCD #2140
1.29+ 0.16* 1.48% 0.27*
the MCD Model group

i RRE/NR MCS FBRALEE, P<0.05,
Note: * represent compared with the MCS group of mouse, P<0.05.

23 MFERESERABRERNLER

W3 4 P, 5K EOEE B X IR H A, & I TR A Al
2R 13 TP ZS IR MBS (FPG ) J 2 JiE 16 5 25 (FINS) 1) 5 1 3%\ 3
F15 (P<0.05),2:418 HOMA-IR 14 i 2 5 (P<0.05)

W 5 Fis, S5/ MCS X IR 2H HeAss, MCD BERIZH 1M 35
I R (FPG ) Fo s 1 5 R (FINS ) () 5 1t AT BT A H 3
KRB ENES, £ HOMA-IR AR H B EHES

% 4 SD XR.IMiE FPG.FINS &£ K HOMA-IR 55 (x+ s,n=10)
Table 4 The content of FPG, FINS, HOMA-IR in the SD rat serum

2851 group FPG(mmol/L) FINS(mIU/L) HOMA-IR
ERERENRA
3.15+ 0.67 14.39+ 0.69 2.56+ 0.50
the normal group
BIERAREE
4.74x 2.20%  18.38+ 0.80* 3.72+ 2.18*

the model group

iE* REEXRRERRER LR, P<0.05,

Note: * represent compared with the normal group of rat, P<0.05.

% 5 C57BL/6 /NRIMEH FPG.FINS &8 K% HOMA-IR #5(x+ s,n=10)
Table 5 The content of FPG, FINS, HOMA-IR in the C57BL/6

mouse serum

2851 group FPG(mmol/L) FINS(mIU/L) HOMA-IR
MCS 3$882H the
591+ 2.62 11.90+ 2.25 3.04+ 1.25
MCS group
MCD #&#I4H the
3.52+ 2.37 9.02+ 1.74 1.47+ 1.19
MCD group

i RRENR MCS 3t BBA LR, P<0.05,
Note: * represent compared with the MCS group of mouse, P<0.05.

24 FFARAREZHNER

SD Kk BUIT£H 4007 i) - 2 HE e o )5 THOUEBE R Al L. IE
HORE X RN A LU @35 P AR R HEF RN, 20 i g
Fa i i e B (18] 2-A) 5 R BRI B BT 20 P20 2% A K AR g
FEAR v Sk e K JE 32 1 400 ™ T s YAk, R Xk A T Y
St B 2-B), A SR BFAI AR P G B9 220 5 4 A, AR R
RN P KR Y] R 34T TIler O e (Ll EuRNgiE ). Gy
BEER BN, EWRERAFHAAE G 2-C); mlgRE
TERIZH AU ZURT WK G2 5345 (8] 2-D). NAS 212505
FEITAr 45 5 R IR IR BRI NAS Jy 7.80% 0.45(>5) 3%
FHAHATHL 2 345 NASH W Bs, ELAZE R 132 6,

2 SD KRATA LR MEER(x 100)
Fig. 2 The result of pathology in SD rat liver tissue(x 100)
A ERRENERAHE 6 B SRRAEREA HERE C:.ER
REVEBARL O L& D:FEREEREMLI O FE
Note: A:HE-stained inthe normal group B:HE-stained in the model group

C:0il red O-stained in the normal group D: Oil red O-stained in the model
group
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F 6 SD KRATHL NAFLD EZER S (NAS ) HLAZEESN (xt s,0=10)
Table 6 NAS in the liver tissue of SD rat
. 1N PR SEE FF R SERIEES
izE| BFEERAZE ) o ) i ) NAS #
) ) inflammation in hepatic ballooning degeneration of
group hepatic steatosis ) Total of NAS
lobule liver cells
EEREMRA
0% 0.00 0.60x 0.55 0% 0.00 0.60% 0.55
the normal group
BRREERE
3.0 0.00 2.80x 0.45 2.0+ 0.00 7.80% 0.45

the model group

7E:NAS2 5 53EFTHARS NASH RIS HT ; NAS<3 43 MIATHERR NASH; Bi3& Z B3 5 NASH wl&t,
Note: NAS2 5 diagnosed with NASH; NAS< 3 ruled out NASH; 3< NAS< 5 suspected NASH.

C57BL/6 /N UIF U 5 ) ) 22 HE Yt )5 THOLsE T Al
UL MCS Xof HEZLHFLHZU 203 e, v st ik Fo B 200 i 2 S
ARHEF oA BEAR Ak (1&] 3-A) s MCD BRI AP AU A T
R WA AT A0 A A G, 2 Ak B
IR IR AL 3-B ), L O Y452 s , MCD X IRZH fiT2H

LUHAAZE (K] 3-C); MCD A5 RIZH JIT- 20 23 v Je i Ik ] Bl o 3
KNG (B 3-D). NAS ZHZAR B4 25 5 7R : MCD f51
ZH NAS 2y 7.60£ 0.89(>5), ik F W HFH LT 55| NASH By
B RS R IE T,

< 7 C57BL/6 INERATZEZR NAFLD iEZh B 5 (NAS JHLA TS (x£ 5,0=10)
Table 7 NAS in the liver tissue of C57BL/6 mouse

TN R

PR SEREET

5 FrARREE . o . . NAS &4y
) ) inflammation in ballooning degeneration
group hepatic steatosis ) ] Total of NAS
hepatic lobule of liver cells
MCS %f B4
0+ 0.00 0.40% 0.55 0 0.00 0.40+ 0.55
the MCS group
MCD #&#IZH
3.0+ 0.00 2.60x 0.89 2.0+ 0.00 7.60+ 0.89
the MCD group

7E:NAS2 5 5 EFT RS NASH B2 1T ; NAS<3 5 MIATHERR NASH; P& Z (813 9 NASH Tl 8k,
Note: NAS= 5 diagnosed with NASH; NAS <3 ruled out NASH; 3= NAS<5 suspected NASH.

3 C57BL/6 KFRAFHALREMRMLEER(* 100)

Fig. 3 The result of pathology in C57BL/6 mouse liver tissue(x 100)
7E:A:MCS 38840 HE & B:MCD Y48 HE & C:MCS X8R4
j#H4 O D:MCD #EEIAjML O ffa
Note: A:HE-stained in the MCS group B:HE-stained in the e group C:Oil
red O-stained in the MCS group D: Oil red O-stained in the MCD group

3 3
PR A 1 5 42 T 46 (NASH ) & 5 % A8 T T/, A
BIRHICE ST 20 IR T M 5 25 B R B S /NPT S Ay B

AE BRI R LR SRS, R HLT 24 i AR A . 7EARZ IR
oS TRAT T S UL AR B Z AT, G 2E B, B —IRAT
AR T AN RS AT, AR oA 1 5 R Ak,
MRV, SN BN Bt Ak R 0 0 ORI D e R
DA e 5 P 20 B PR 448 22 A LA R, TR )Rt AR A 28—k T s
&)

FR IR B & B9 SD KB NASH AR, BV 23 o 3 ik &
rPOR R BT AR B A it DT Sk 354 o I Y Ui S I R (free fatty
acid, FFA) [ & /0o, 51 FFA —J5 1 T 5 AL G 17 iR
RIEZEL, SR H I = I8(TG)ER,; 5 — v i k&
2 5 ST, KT F I ) 58— AT ke 75 MR M R A 25 L B Jfe
5 BT SCRE 1 0200 B 45 P 473 B 38 % A O BURRE: , 2
FeAE K E M H i 3 (Reactive Oxygen Species, ROS ), #F 1]
Ja SRR, T B IR 58 kAT o7, 480 NASH
B &AM, SRR, 2R - b= (MCD)IREF A
1) CSTBL/6 /)N BB TR ) 3 A5 it L J2 3 o P v B e 5 A
M2 1 B RLIR B- AL T RERR AR AN e R A& S
i/l TR I =8 (TG ) e AT 40 it py s ks HEFR, 5
BT ANMAR AR , 85 58— F T 7 2T, i T AT A

BT AR M, 2R AR 2 oF U 5 17 R (FFA) 3% A, fi i FFA
B B- AL, FEGEPESA A 3L (ROS) B & B AIIE Fiad 4=
AR, T8 WO IR Y 58 k4T 7 M, e 4 B NASH 1 &
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A,

ASEIREE R R, SRR LRI - s = (MCD )k
FOR T T AR Y S S 6 NASH AR, {ELT 3% £b SR A
B MR AR R R A R H I = (TG) K AH [ e
(CHO) T, T 5 R & R AT, 5 AZE NASH i # R 9
ARAL; 1M MCD A58 SR ifin v H-3ih =75 (TG ) S S AR 2 (CHO )
FA B AR R AR U R A AR T 5 R AT AT L, iR R IR
FR RTINS NASH Kot R S AL, AEAS A2 Ml IR 5
BT AANIAF e B U AL R L, NASH (9% A i H.
AR HEVE B B RE R, ELARDRHRIAE (8, S b, shPsE
TORAR, AR H ATl PR WL A5 97 R B NASH 4 3 )4
T B SRR I, BRI A2 P S AE M AT AEAL R HE
B TRk i i s i B b SR Sh W SR R AR Y i 32

8o 1 MCD BRI B ARTT 5 R NASH 4 SR 4544, 0
TS AP I B FRARDT ABZE 5 IR S5 I AR PR B, AN
T E TR B NASH #9 ZHLHIBESE 5 (EIZAE B T it
RUR NASH B2l , HORCA SRR . e S5 00
R REPRA N S8 NASH gm0 w] f T4 Fh 254
Biiif NASH B3R AT 5E

AR, ASSCAUKT 2 F NASH A5 () 5 B I I 3 2= 164 7
T g, HIRA B KRPLE BRI IE AR BEAT v, JE AR
PPAR-y il #5 & NASH #4973 T AL _EIF R 1 RS2 iy,
AR SRR it S 41 1
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