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[ Abstract | Objective; To observe the effect of Shenling Baizhusan (SBS) on the mammalian target of
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rapamycin complex 1 (mTORC1) /signal transducers and activators of transcription 3 (STAT3) pathway in liver
hepatocyte of nonalcoholic fatty liver disease ( NAFLD) rats induced by high fat diet, in order to reveal the
mechanism of SBS against rat NAFLD from the perspective of inflammation. Method: Totally 80 SD rats were
randomly divided into 4 groups, normal control group, model group, high-dose SBP group (30 g-kg™'), and low-
dose SBS group (10 g-kg '), with 20 rats in each group. The rats of NAFLD model were established by being fed
with high-fat diets for 8 weeks, and the treatment groups were fed with high or low dose of SBS respectively. After
treatment for 8 weeks, blood and liver samples of rats were collected. Alanine aminotransferase ( ALT) , aspartate
aminotransferase ( AST) , total cholesterol (TC) , triglyceride (TG), high-density lipoprotein cholesterol ( HDL-
C) and low-density lipoprotein cholesterol ( LDL-C) levels in blood serum were detected with automatic
biochemical analyzer. The liver tissues were observed by oil red O and hematoxylin-eosin ( HE ) staining.
Hepatocytes were isolated by type IV collagenase perfusion in vitro. Tumor necrosis factor (TNF) -«, interleukin
(IL) -1B8, IL-5 and IL-6 in hepatocytes were detected by enzyme-linked immunosorbent assay (ELISA), and the
relevant gene and proteins expressions of mTORCI and STAT3 in hepatocytes were detected by Real-time
fluorescent quantitative polymerase chain reaction ( Real-time PCR) and Western blot detection respectively.
Result; Compared with the normal control group, the serum levels of TG, TC, AST, ALT and LDL-C were
increased significantly, the levels of TNF-a, IL-18, IL-5 and IL-6 in hepatocytes were increased significantly, and
the expression levels of mTORC1, STAT3 mRNA and proteins in hepatocytes were increased significantly (P <
0.01). Compared with the model group, the hepatic lipid accumulation of the medicine intervention group was
relieved significantly, the serum levels of AST, ALT, TG and LDL-C were decreased significantly, the expression
levels of TNF-a, IL-18, IL-5 and IL-6 of hepatocytes were decreased significantly, and the expressions of
mTORC1, STAT3 mRNA and proteins in hepatocytes were decreased significantly (P <0.05, P <0.01). In the
high-dose SBS group, the effects in improving the lipid accumulation and inhibiting the inflammatory reaction were
better than those of the low-dose SBS group, and the expressions of mTORC1 and STAT3 genes and proteins in
hepatocytes were significantly decreased (P <0.05, P <0.01). Conclusion: SBS can improve the fat metabolism
disorder and reduce liver lipid accumulation and inflammatory reaction in NAFLD rats induced by high-fat diet. The
mechanism may be correlated with the inhibition of mTORC1/STAT3 pathway relating to genes and protein
expression in hepatocytes.

[ Key words ] Shenling Baizhusan; nonalcoholic fatty liver disease; mammalian target of rapamycin
complex 1 (mTORC1) /signal transducers and activators of transcription 3 (STAT3) pathway
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L3 50 KRB R (IL)-18,1L-5, 1L-6 FI
Ji9E8 IR BE R 5 (TNF ) -or T IR B 95 W% B0 7 ( ELISA)
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E150043) ; 52 I 5% 5t i 5 % & B % 20 5 ) ( Real-
time PCR) i #| & ( H A& Takara 2\ ], #t 5
RRO47A) ; % #ii K B Lysozyme, IV % & 5 i,
mTORC1,STAT3 $T & ( & B Thermo Fisher 2 &, it
S W S MAS5-32154, 17104-019, PA1-188, 44-
384G) ;AR IR & (AL R ERLARA
H) L fib5 3428 SA9697)
1.4 Y% Chemray240 %4 H 3h 4 b2 1AL (IR
DT AL A B4 22 B ) 5 Multiskan FC 7Y R AR (56
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M4 ( 22 E Beckman-Coulter 2 %] ) ;1Q5 %Y Real-time
PCR {¥, Mini-PROTEAN %! & J% 1% , Trans-Blot Turbo
TG AL (SE [ Bio-Rad A H]) .
2 FHik
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(TG) , & % F£ B 25 (1 I [& B (HDL-C) , IR % Ji£ 5 48
F B [ P (LDL-C) & & 484k . ELISA 5 551 &5 A6 i JH
Y0 M TNF-o, 1L-18,11L-5 , 11L-6 & 1454k .

2.3.3 Real-time PCR £l i 48 it mTORC1,STAT3
mRNA M X} R A H OIS REF 4l 28 4 °C
5000 r-min ' B0 10 min, 3£ FES, A trizol
ZLf U 1 mL R H T 4y B4R, 28 50 MR CULTE R I
fil WL RNA BESD 0.1 pl 283 4 R 23 6Ot 1 3
5E RNA WREEH . RIG LW . 5149 )7 5
i b B A ) TR A IR m) Bt MG o,
GAPDH Jy P 2 3£ ., mTORC1 I ¥ 5'-CAGAGG
GCAGCAACAGTGAAAG-3', F i 5'-GACAAGGAG
ATAGAACGGAAGAAGC-3', K Bt K i 134 bp;
STAT3 i 5'-ACCAGCAGTATAGCCGCT TC-3',F
i 5'-GCCACAATCCGGGCAATCT-3', A Bt K ¥
97 bp; GAPDH I ¥ 5'-GATCCCGCTAACATC
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AAATG-3", F W 5'-GAGGGAGTTGTCATATTTCTC-
3", B JE 96 bp, KIBUIHI BIEK S A&
20 WL N, SR Z5 A R 95 C 4725 30 s TSPk
95 CH#p4E 5 s A8 ; mTORCI, STAT3 , GAPDH 60 °C
iR K 20 5560 CHEA 45 s, 473 40 NF IR 7 T72 ~
95 C,FF2L 10 s, 53 Mrigs fif ith £ . JH Opticon Monitor
301 B R BN 4 AT o B IE B 20 mRNA 3R 3K K-
Hl,

2.3.4 HEPBPEENE I (Western blot) A6 I JHT- 4 i
mTORCI ,STAT3 2 )R i5 40 Mo it Bk 1+ %k
5x10° 4B & 1 mmol - L™' PMSF % RIPA % f#
W, R 24 )5 ,4 °C 12 000 rmin ' 0> 5 min,
WSS 240 B L 3 U, BCA I B 2 1 vk R, R I
BERE A B ZE 40 ~ 60 pg. 100 °C ¥ K ¥ A A
5 min, i 8 (7050 AR R R B IR, ST R UK
i, KA A& FE R 2= PVDF it b & 5% g
W ¥y A PVDF R, %00 F 4% K34 60 min, PE¥ 3
U, RIS min, filT AL 1 4 1 — BT RG B W ( GAPDH
1:2 000;mTORCI 1:5 000,STAT3 1:1 000), 354
B R R E R, VR, I = bt MR W
(1:6000) ZEFFH 60 min, F-3% IS A IS & 19
RICTAEW, W48 B G 0 g, e K B, 1
BHAT T

2.4 SEibepabEE o SR SPSS 20. 0 #E4T 45 it b
MR ORI DL v 2 s SRR AL B LS, SR H
PR 7 22500 K g K P <0.05 Oy 22 5% A Geit
3 #R
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B, HORREN I, % A0 FURB R N BR Bl, & T
TIZH R FRBEA I 50 A 15 8 2 AR AR 4 R B2 (] o
3.2 X NAFLD K B4 2155 25 2 1) 52 )

3.2.1 HE Z&fs IE 5 4 K RN SRRV M, i
SIS EHR, HFE SR HES] (LA e ik R
L) AR BT I A1 4T gy, Jo s il . BE A 2 K BT/
300 LR R S5 R ZE L, 1048 X AR T 4 0
JHF 240 JE B PN T D DR /N AN 25 18 5 0, 8 4 40 L A UK
FEAR o £ 259 P 20 K UM 20 2000 B 27 AR A A A
HAARRRENNE, HhSZ ARSI R KR
U gt i TIE R 4. WK 1,

3.2.2 yligr O Jefn IR 2H K BN A A% 38 O iR

C D
AVIEH 4B BRI C 2% R TIUIRR 415 D. 2% 1R G 7
A(&2,3 )
E1 $ZAAHMNARFERFEZNHIM(HE, x200)
Fig.1 Effect of Shenling Baizhusan( SBS) on histological changes of
liver in rats( HE, x200)

0, DU VR PN A BICLE BRI B 2T B8 B
0 2 K SR 4 T 25 T K RE K 40 % 22 T T e
WIS, BN AT LR AR RO 20 (i i, B = A0
I PN I il BRI o 4% 25 AL R R 440
J0 T 0 2 T AR R R JRE A TR A T A N R R,
T 2% F R HIGR ) iR BRUIF 2 SUIR T 5 i el
TIEWwH ., WK 2,

B2 2ZAREMKBFARFEZNIZMOML O, x200)
Fig.2 Effect of SBS on histological changes of liver in rats( oil red
0, x200)

3.2.3 %} NAFLD K R Ifi 3% TC, TG, HDL-C,
LDL-C,AST,ALT /KPR 5 1E % 4 Ho s, B oy
1M fg TC,TG,HDL-C,DL-C 7K 1 3 7t = , - D g
AST,ALT /K-8 2 F & (P <0.01) , S5 [
B, A& 25T WAH I AR T B B8 XA W] R R R IR
(P<0.05,P<0.01), HiEilEa e, 51K
e A gt 22 5% (P <0.05,P <0.01) , I
#1,2,
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®1 SEBAREI NAFLD X B M i%F ALT,AST K F &M (x =5,

n=10)
Table 1 Effect of SBS on levels of serum ALT, AST in NAFLD
rats(x +s,n=10) U-L~!

24 ) Hlit/g kg ™! ALT AST
i - 27.55 £6.90 80.91 +13.05
LY - 90.44 +15.93"  233.81 +29.80"
EEIEWN ¢ 10 68.33 +13.58%  153.14 +23.81%

30 50.36 =11.18%3) 102.14 +13.86%>%

HSIERALEY P <0.01; SHEMA HEY P <0.01; 55%
FIAR BG4 Y P <0.01(% 4 ) .

3.2.4 X} NAFLD & B4 ffil TNF-, IL-18, IL-5,
IL-6 & 5 1E 5 4 b, A AL 4 R BT 40 il
TNF-a, IL-18, IL-5 }% IL-6 & i Z F} & (P <
0.01); SEAIAH L, 2% HARHEUE KR & 4K
R0 B TNF-o, IL-18, IL-5 J¢ 1L-6 & & W 5 F %
(P <0.05,P<0.01);5Z% A ARHUKA &4 K,
5 77 B 4 R BRI 4 L TNF-a, TL-18, 1L-5 2 1L-6 %
R TRE(P<0.05), k3,

3.2.5 X} NAFLD X & Jif 48 i mTORC1, STAT3
mRNA J 35 R B2 5 IE R 4 A, SR

K2 SZTAARHI NAFLD xR hiE TC,TG,HDL-C,LDL-C &M (x +s,n=10)

Table 2 Effect of SBS on levels of serum TC,TG,HDL-C,LDL-C in NAFLD rats(x +s,n =10) mmo-L !
21 51 F /g kg ™! TC TG HDL-C LDL-C
-1 - 2.06 +0.30 0.73 +0. 11 1.21 +£0.21 1.14 0. 13
iR - 4.50 £0. 60" 1.21 0. 16" 0.68 £0.26" 1.80 +0.25"
EXI=P N 10 3.53 0. 94% 1.07 0. 10% 0.95 +0.19% 1.41 20.22%
30 2.48 +0. 84> 0.96 +0. 1324 1.13 0. 18% 1.27 0. 18%
W SEHALEY P <0.01; 5HB A HEY P <0.05,” P<0.01; 53 % R HUG R4 Y P <0.05(%£3,5[) .
%3 ST AR NAFLD KX B4 TNF-o,IL-18,IL-5,IL-6 S 2 %M (z+s,n=10)
Table 3 Effect of SBS on levels of TNF-a,IL-18, IL-5 and IL-6 in hepatocytes of NAFLD rats(x +s,n =10) ng-L~!
21 5] Flik/g kg ! TNF-a IL-18 IL-5 1L-6
EH - 106. 11 £16. 87 99.45 +20. 66 79.04 £9.20 88.92 +10.93
i - 427.89 +30. 14" 180.06 £15.13" 230.27 +16.63" 112.47 £24.76"
ZEARE 10 350.35 £22.21% 168.35 +20.02% 142.59 +28.34%) 100.58 +8.29%
30 181.68 =14.09°% 152.69 +23.11%% 131.22 +14.61%% 94.36 £8.41*

KB 402 mTORCI, STAT3 mRNA J¢ 8 [ & 1k K
Vi LI (P <0.01) s SR A, 2% HAR L
% R 44 mTORC1, STAT3 mRNA K 2K [ k7K
VR (P<0.05,P <0.01) ;52 % 1 RHUGH &
A%, B B2 mTORCI, STAT3 mRNA J% 8 1%
PR (P <0.05,P<0.01), W#%4,5,/83,

F4 BEAARHEI NAFLD X R A4 8 mTORCI, STAT3 mRNA
RIEFM(x+s,n=3)

Table 4 Effect of SBS on expression of mTORC1, STAT3 mRNA
in hepatocytes of NAFLD rats(x +s,n=3)

4531 FlHE/g kg ™! mTORCI STAT3
EH# - 1.05 £0.90 0.98 0. 66
FEAY - 7.44 +1.17"  5.44 =1.02"
SEARE 10 4.02+1.21Y 4,28 +1.23%
30 2.94 +1.06>%  2.04 =1.06>%
4 itig

e Rt AUSCHR PO B0A 58 T NAFLD Byid 2k,
TECHEZ ) th e FAC 8 7T P2 B, & AR s (ot
- 10 -

x5 BEBHARBX NAFLD KR AFHA mTORCL,STAT3 EH X
EHM (v xs,n=3)

Table 5 Effect of SBS on proteins expression of mTORC1, STAT3
in hepatocytes of NAFLD rats(x s, n=3)

4 51 & /g-kg”'  mTORCI/GAPDH STAT3/GAPDH
EH# - 0.44 +0. 10 0.39 0. 04
iR - 1.32+0. 15" 1.16 0. 08"
ERIEWN 10 1.16 0. 16% 1.07 0. 10%

30 1.01 £0.09%*  0.99 £0.07%*

N2 2B ) B IR A, T 8 T 5 AR
R B, W K - 206 NAFLD IHJ8 T IR “ iF
7T R A 2017 AR AR R R 2 il
B or 26 NAFLD () o B2 9% 4% B3 ok P « fL
B R B TE AT, 5 O R DI Ho
BULAIE K S 3, LIS 3 b R T R R
A4 AS Y B T B IR T R SRR TR IR ML kA g
2 B B2 - O IS 2 248 56 S5 6 IKAEE 4 — ) - VA ok
T, WT 200, T AL I, e SE R s S %
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GAPDH " WS SN T 36 kDa

mTORC1 e S S s 239 kDa

STAT3 — -- wm— 79 kDa

A B C D

B3 KBRAFHM mTORC1,STAT3 B H &k Hik
Fig. 3  Electrophoresis of mTORC1, STAT3 proteins expression

in hepatocytes

FIARHC A NAFLD J2&© e 6 107 B ik 3. 31
fRBFFE R, 25 1 AR B fd i D) 5% nT e 5 18 &2
TEZH RS R B, VAT Ml VAR U L AR S SN 3
R EE A R ol i S SR B
BLIITT BE 5 B RE L BE REACI S A e

mTOR J&— F =l 70 22 5 R/ 5 S R 4 1 D g
/%% mTORC1 Fl mTORC2, H {ij #F 5% £ 4E vh (. 0F 5¢
mTORC1 ,mTORC2 fiff 58 /> . mTORCI1 nJ LL i 5 4
JiL A G S AR A R A0 R S, A R R IR 5 A A
[F] BF 400 40 B 5% 26 3 AR . 24 mTORC1 3 %
RELUBT 5 , 7T ik 2 el st 1 AR 3560, e 2 R AR it
SLEMPLAZEF . STAT3 F:ZAELE T 40 M5 o,
B Janus P 5 W 5L W R AL RIS I A 0 A R
B I R e v iR

5% % I, 7 NAFLD H # h mTOR/STAT3 %
T W = ) 45 P JUE B 07 722 1 A v b A o) R 3
KR4 mTOR 78 78% HF 40 i h 45 %3k , STAT3
TE 3% B 1T 40 L RN 45 % B9 1 AL 0k 4 i v A7 e 3Rk,
A W, mTOR/STAT3 13 ik 76 I g 7 28 vk f8 3% vh
X HE B K T AR . mTORCL W] fig il
HE S5 E [ GP130 ffi STAT3 FI STAT1 i Jik <7
WA S RAE 9 R A L ROAE AR N T I, mTOR
I STAT3 1) 3 1 Je e ik b > 7+ ™' . mTORCI
T O S TNF-o F1 TL-6 19364 %, HALH
A BB RIS TR ST (NF) -«B il STAT3 , 341
f) NF-kB |- TNF-o Fl 1L-6 3535 , 14 55 41 i 184 5
e STAT3 2& (1 %15 | A IL-18,1L-5 ik
fie ik mTORCI & (1 %35, LI L&, mTORC1/
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