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[ Abstract] Objective This study sought to establish a non-alcoholic fatty liver disease ( NAFLD) model in
Wistar-SD hypercholesterolemia ( WSHc) rats induced by a high-fat diet and to reveal the pathogenesis of NAFLD in
these rats through the Srebp-1 gene. Methods After 2 weeks of dietary treatment, thirty 6-week-old WSHc rats were
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divided into High-fat control group, HFD + AAV no load group, and HFD + AAV group, with 10 rats in each group.
The HFD + AAV no load group and HFD +AAYV group were intravenously injected with a vector virus and an shRNA-
containing virus, respectively. WSHec rats were fed with a normal fat diet as a normal control group. Serum levels of
ALT, AST, TBIL, ALP, TBA, GLU, CHOL, and TG were measured every 2 weeks. After a further 8 weeks of
feeding, the rats were euthanized and livers were excised for HE staining, Oil Red O staining, Masson staining, and
Sirius red staining to observe the morphology, lipid deposition, and fibrosis of the liver tissues. RT-qPCR was
performed to detect the expression of lipid metabolism-related genes namely Srebp-1, Aacs, FASN and LDLR in the
livers. Furthermore, hepatocytes were isolated, cultured, and divided into a normal control group and a high-fat
control group. Next, expression of the Srebp-1 gene was detected by RT-qPCR. Srebp-1 knockout ( KO ) hepatocytes
were constructed, then TG content was detected and the lipid accumulation was observed by Oil Red O staining.
Results After 10 weeks of high-fat diet treatment, serum ALT (P < 0.001), ALP (P < 0.001), TBA (P <
0.05), GLU (P < 0.001), and CHOL (P < 0. 001 ) significantly increased in WSHec rats. Abnormal lipid deposition
with formation of large vacuolar lipid droplets and fibrotic lesions in livers were observed. The mRNA expression of
Srebp-1 noticeably increased in WSHc rats (P < 0.001). Moreover, compared with the high-fat control group, the
ALT (P < 0.05)and GLU (P < 0.01) in the HFD + AAV group decreased, and liver lipid deposition and the
formation of large vacuolar lipid droplets were alleviated. Expressions of genes such as FASN (P < 0.05)and LDLR
(P < 0.01)were significantly upregulated. Additionally, there was a significant increase in the expression of Srebp-1
in hepatocytes of the high-fat control group (P < 0.001), while after Srebp-1 gene knockout, cellular TG levels
decreased and the degree of lipid droplet aggregation was reduced. Conclusions The Srebp-1 gene plays a regulatory
role in hepatic lipid metabolism and deposition, modulating the expression of lipid metabolism-related genes in WSHe
rats with NAFLD. In vitro experiments demonstrated that downregulation of Srebp-1 alleviates lipotoxic injury in
hepatocytes, suggesting that the development of NAFLD in WSHe rats is closely associated with abnormally high
expressions of the Srebp-1 gene.

[ Keywords] WSHec rats; non-alcoholic fatty liver disease; Srebp-1
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o 90% , TE R IR AN 8 JRl I ik B MR, I T e
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1.1 ##
111 SERshyy

R T g 1 3 5 S0 5 A PR A | [ SCXK
(77)2012-0002 ] i SPF 2% 8 J& %, 120 ~ 140 g
A HEPE Wistar KR 1 H, 2@ i5 5 S 2 & 1 Bl
e T S, P AR R A A, B A Y
JE At SPF % 6 JE#4 160 ~ 180 g HYMENE WSHe K
B 40 H T FE T v b B 25 KA sh ) sE i i o v
o GRRESZ G 28 [ SYXK (#7)2021-0012] , Fd 37 54
R =22 £ 2) C,MHXMBE 50% ~ 60%, 7E
IVC ZEWIRFE, A HKE, G 12 h BIREAC 8,

7 < 50 dB, 7ESEEG SRR3R RIS T AGE
IR, AT 5T AR AS W T S 25 K2R S 56 sh )
e R A 2% 51 St i (TACUC-202212-01)
1.2 FZREH S50

BB A i LI R B A TR A 5
T FLA R B A 22 ST 90 A P Rk BR A
H R A 2579 i A I (alanine aminotransferase ,
ALT) ( 5%5:210819101) | 7 ¥ 4% 5 [if§ ( aspartate
aminotransferase , AST) ( #75:210830201) &L HZT
Z (total bilirubin, TBIL) ( #2%5:211006302) . IfiL /5
Bk % 2 i ( alkaline phosphatase, ALP) ( 5% 5.
211026101) (ML &L H PR (total bile acid, TBA)

T5:210714102) | #ij % B ( glucose, GLU) (5%

5. 210607101 ) . & AH [& B ( total cholesterol
CHOL) ( %% 5. 210901101 ), = @ H il
(triylglycerides, TG) ( 5% *5-: 210823101 ) 46 I 12X 5]
S B EREA R B A R Bl R R A
EOSIN-Y 2T Y%, W F Thermo 723 7l 5 25 F $2 L
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Thermo Scientific; It £1 #b 44 ¥} 45 12 B9 — Bt ( Li-
COR) RARPRLT Y233 £ (175 S8060) 4 H %
FHEAT ML 0 Ykt (575 :G1260) I A R E
/N F), RNA Extraction Kit, RT kit Fll SYBR Green
qPCR Master Mix, W) H TaKaRa 7% A, U #
NanoZoomer S60 07 VI A AL (E G T 248
Al ) ; NDP R B R 4 (B T A H) )
Odyssey IT£LAMAHOEER R 48 (£ E LI-COR,
Odyssey CLx ) ; 3 B HL ¥k & 4t ( € [E BIO-RAD,
mini-PROTEAN) ; 85 F154#% % 4t (35 [H BIO-RAD,
PowerPac) ; 4= ¥ ¥ i ¥ & HL ( % E BIRTIN,
Precellys 24) AR A ( F RS A FR 2y
ST 45 ), SPC-150BZ) ; 2E W2 4o 46 ( £ [
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1.2 Ak
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1.2.3 IS4 bR

B 2 1 ORI A A, 25 R
12 h, #F # WKL, 3000 r/min £5.0> 10 min, 23
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ALT ,AST TBIL ALP .GLU .CHOI TG &,
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4 um, W IFALT R BT P R
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HPE A e 1 I S T R e e 2
1.2.5 Masson Jeffy

Jit =K A RS iR HE e @AHTE, w5
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time PCR, RT-qPCR) il JH- 2H 23 7 Srebp-1 J2 T
Ui 3 R it

TE UK HOHT & 2 22 20 mg LA, E T
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Buffer RL, 57 BV ZE 2 B AL 2H 2 e S v it A 7 e R
V% W B )5 % B8 TaKaRa RNA Extraction Kit
R UL B RNA, #1532 L0 RNA
Nanodrop i f5 A% & I i 1300 s JFC e 8 4 i
Bfif5 A 5 X PrimeScript RT Master Mix #£47i%%
%N cDNA, 153 cDNA JH TaKaRa % Y6 E &
& SYBR Premix Ex TaqTM Il 7E SZH} 56 Y6 8
i PCR AL AT 44, RT-qPCR K I i 2 21
Srebp-1 FE K HI T Wit Aacs . FASN . LDLR ] mRNA
FikIKF-, PCR MIH B 5514 .95 CHAEYE 3 min;
95 °C 105,65 C 30 s, 3 40 NMEIR, g 2=
N 554 DN 55 CHFGR, 55 30 s FHim 0.5 °C, H 3
95 C,HH—IK, WSEHE N B-actin, 75 4 FH
FIR TR 27 M e ik T4, RT-
qPCR 51915 B an 3 1 B, 51950 i A T4
YT AR (i) A RA R IEE L,
1.2.9  JHAMREAC T B HG5+

BoHiAE 3 d 19 WSHe K RALSE, A 75% £,
FEHERE 10 min, TG F ARG I BT, B T
IS AHT PBS W e SRR, B 25 AL s
JFBTRE AL 5 mm X 5 mm X 5 mm YZHZRER PBS ¥k
QWK HL B ATCHE 50 mL B0, H
0.25%JB [ T 37 C i1k 5 min, 2 BEEE, in A
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Table 1 Primer sequences
N 14 H B BE /D R/ C y
T (s -3 ORI b R SRR
Primer name Sequence(5’ = 37) mplied fragment rnealng Gene 1D
length/bp temperature/ C ’
F:CGACTACATCCGCTTCTTAC
Srebp-1 100 60 78968
R:CACCAGGTCTTTCAGTGATT
F:GAAGATGGGCGTGAAGAAA
Aacs 106 60 65984
R:ACTCCAAATGGCTCCAATAC
F:GACCCTGACTCCAAGTTATTC
FASN 100 60 50671
R:GCAGCTCCTTGTATACTTCTC
F:TCTTCGGAGCCATCCTCCTG
LDLR 98 60 300438
R:CTCGTCCTCCGTGGTCTTCT
F:GGAGATTACTGCCCTGGCTCCTA
B-actin 150 60 81822

R:GACTCATCGTACTCCTGCTTGCTG

BHERFIE AL 15 min, BIRAR AT 7847, HHE L
B, FHIIA 0.03% IV 10 mL EE DL L
R, 3 ~ 4 WEHBEJLFEAE, 200 Hif,
B BN, WA, 10 ~ 15 4% PBS R B, 4k S
DA, H 15% 7 56 4 35 35 F i B e 2
T T25 BagRifrh o A R BSOS o 4 i 4 B 7]
BRI 20 A, 8 A G2 ) 20 e 4 o o s D
BB B 24 h SR, R J LT g,
1.2.10 BRI ERit YL

TEAEW e B 10 WL R 25 508 A
990 L 19 Ep &l 1 : 100 FBe(107) ;985 LA
WA AP 8 A 4 % N e B VR E R Bl 107
YRR o K D 20 e R R o e 8 i B B A
FEURSEEE SR 48 h JE e, DO0 I I g i e
B%, PCR RN Ye i L, 1 e # 3 Srebp-1 JE[H
5% (knockout , KO ) ZH & K Srebp-1 KO 2 .
12,11 R4 S e s

BT 6 x 10° AT R R T B A B
A 6 FLIEFEAMR, BT 37 °C,5% CO, W E M
F2 A 80% ~ 90%fl G, U E A, PBS ¥ 2
W, EEXT R A Al Al 24 h S SR R AR AR R
(palmitic acid,PA ) FINHER (oleic acid,OA ) BXHALHE,
0.2 mmol/L PA + 0.4 mmol/L OA #Zb¥ 24 h!'""
1.2.12 4 TG & silE

TS US4 i, 24 /% (1% Triton-X100, PBS
i ) 40 min , A= LR AG I ASCRS I
1.2.13  ZfdyhLr0” Yefa

WA MRS IR, 25 13, A PBS

Uk 13 5 100% S BEEYE 1K, J5 2B InA T4
WAL 1 mL, I 30 min, 5 A1 ] PBS ¥
2 i JE AR TR AR R AR I 10 L B 7 R
WA 990 pL 9 Ep 45 i 1 = 100 ks (107°) 5
BC12 mLIHEL O BEIMA 8 mL f4tizk (3 : 2),
B S T AR, s 4Rt g iR 4
1.3 Zit=ZEaHm

SEIG O I i SPSS 25. 0 AR HEAT 40T, X
FANE 43 4 0 B4 S AT AR B XT ¢ & 5, IF
GraphPad Prism 8. 0 #XPFAE R, Kl 45 58 -1
B £ PR (x £5)FR, LA P <0.05 HEREA
B,

2 #R

2.1 SHEIFEX WHSe KRB

5 IEHE G RRZE A LE, w5 BE X FRZH K BRUFE = i
Tl 8 JE S, IfiLiE ALT (P < 0.001, & 1A), ALP
(P <0.001,K1D) ,TBA(P < 0.05,K 1E) ,GLU
(P <0.001,/8 1F) ,CHOL(P < 0.001, [ 1G) #&
B BTl E M AST, TBIL #1 TG (18 1B, Kl 1C, &
TH) o BUEH 0 A8 Ak, U BA 7 = B 1R} 1Y 175
$F,WSHe KR 5 H B NAFLD Ilfi PR % (1) 1L 75
AACTEAE, BBCONFRE

YL AL R A (& 2) , IE X IR K
JH25 R85 W, A MR T R A e 4 4
FKHEFEE T, mlEx IR R T2 4 HE Je(a
G R ON = X AN 1 7 NN R DN A N
B NG 1] — 0], =5 i X BEZE DL Ry v g i 2 Sy



1005

P E ST Eh 2R 2025 45 7 A 33 555 7T Acta Lab Anim Sci Sin, July 2025, Vol. 33, No. 7

o K i BB
%2 Gy e 8 o
G, Uit % 7 T= S
o%%b&«%%&@ \Wmfoww&%«&v = w =z v o
@, %l o, %, 7520 % e = s 3 w 2
s s gy, % Thyly, =z < g2 — & T h
E, “ro o, Vg, Koo %3 E Sz
%, %&Armu\@ 'y o@ao%\*@o&. % - ) £ I wn + <
0, Vi vs, sl ey, 9 F § 0 < =1
L g, N XL k - . 5
5 %Noom © " S %&x\.oo\ .Km 8 g O < E m
S o 9o o o o 4o e he ] ; ; L8y = Vo~
S ® ° F a w%,w\/x&so — - i < 2 %, = S 8 . n
A (v 4 = (owwyny e B v g mr = mo
¥ A T & &2
A % * n = o =
0, 2 —_— S =
pe & =JFS) T E E 2% .
Gt it =2 ifRET -
Yo % % % Xy = S 5 3 = 5 #®&
s o SN =5 22 F %
ey y 2 ‘
L @, Fi2l o, z = = o W o
%, #AMQA KON \AVMAV 3 S 2 £ = ﬁh )
éo\ rlby, /o 13 & B J ° ~ ) < F
200 X by E: Gy, X% g2 % " 3 & & < >
@, 40y 22 G, 43,0, Wy, S = 5 35 E g © + M
Yoys gty U,y ¥ a2y gm & £ 5§ £ g =°
Gy, 0, G, % I [ ES % 85 Ep
o n o n o gk, % U0 3 - = %5 g 2 =
a8 = = o oS A*y@\@@ ,ﬁmo.,\m.\& % B i < 2 = 2 2 =l
O (1ouniy gL ey, w o w o Ty, 2 % & 8 © = £ =
(/0w TOHD = S g &= % g °
= n -] 4
%, “ % ﬁ e E 7 W. E S s
\Nao&%\\ AW\M%AV jaan) .ﬁ k I & m.. v m W ‘
@ VVVV P , VV Vx kS %Hd mwﬁm 2 = £ *P | = .Mra ¥
oe&% x@xQ U xomWQQ bﬁ hﬁ o 3 O F £ =B
Py 0 CI . S VIR
@, “52f 0 KRN == E g < 9o 25
KN SYVAVV @%\oﬁwﬂvv B ﬁ - 7 P m S 'H EE
8%, "% & i Sy %y Sy L 2 EHm<E & § )
@, 0y 22 %, Hp 00, Vol N o . = e
0, A D, Ly N N Yy = N s 5 < A © ol
%, Sy, A Lo g - £
%, G % =2 . 23 &
o o © o o 7, % 2 g0 B R = 2 = =2
S v S @ do le L& z AN -] S o =z
b = — «,MV\,QQO ) o <+ o o 7/./ N&so k 0 W.o —_— " m -
@ (Unysy Y (Vrowwyn1o oo B = Z E B oo
5 K .ﬁ \ c B = =
hﬁ T B L 2 0=
= &~ v S £ & a
NI -
R PP T BT
N 2 5 2 2 § 2
BoS EfFZESE EE
« ® < T B O G Es
= n = =
%,%Aw&w, 34 % a < g = H m
. " =3 fi=c:z 5
§ bl g ° = 5 B 4 S
&S\Ww\/@@& g B E = £ 2 =
X ~
i, «BE 29 23
z T u&\\.M\oem\m % y A ./MM mw R hm 2 Surureys gy Suruie)s O pai (IO Sulure)s uossey  Surule)s pal snuig
S " <&, ¥ S, o B L T 3 g _ _
& X = SN : ¢ N UOSSE B
. CULTY ,N\/@@? (Vo veL &y, A oo z M = & FafaH Bt 0- Tk FAfFUOSSEN WAL HEL

& 2 & AKHEUTF HE JHZL“0” Masson FIRAR LT L

Figure 2 Liver stained by HE, Oil red O, Masson and sirius red staining in each group of rats
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Note. A. Relative expression level of Srebp-1 in liver tissues of
different groups of rats. B. Relative expression levels of Srebp-1
in liver cells of different groups of rats.
Figure 3 Relative expression level of Srebp-1 in liver

tissues and liver cells of rats in each group
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rats in each group. C. Relative expression level of LDLR in the livers of rats in each group.

Figure 4 Relative expression levels of fat metabolism-related genes in the livers of different groups of rats
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Figure 6 Hepatocytes from various groups of rats stained with Oil red O
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