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[Abstract]  Objective: To explore the mechanism of Huangqgisan (HQS) in regulating autophagy to
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alleviate hepatic steatosis and improve non-alcoholic fatty liver disease (NAFLD) based on adenosine
5'-monophosphate-activated protein kinase (AMPK)/mammalian target of rapamycin (mTOR) signaling
pathway. Method : The main chemical components and targets of HQS and NAFLD-related targets were collected
from database and the intersection targets were used for Gene Ontology (GO) functional enrichment analysis and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis. The protein-protein
interaction (PPI) network was constructed, and in vivo experimental verification was conducted. Sixty C57BL/
6J male mice were randomly divided into normal control group (NCD), model group high-fat diet (HFD) ,
metformin group (MET, 0.25 g-kg"'), low-dose Huanggisan group (HQS-L, 0.5 g-kg"'), and the high-dose
Huanggisan group (HQS-H, 1 g-kg'), with 12 mice in each group after a one-week acclimatization period.
NAFLD model was induced by HFD, and intragastric administration was performed at the same time, once a
day for 13 weeks. Random blood glucose, serum total cholesterol (TC), triglyceride (TG), non-esterified fatty
acid (NEFA), low density lipoprotein-chdesterol (LDL-C) levels, and liver TG content were determined. The
liver weight was weighed, and liver index was calculated. Hematoxylin-eosin (HE) staining, oil red O staining,
transmission electron microscope (TEM) , real-time fluorescence quantitative polymerase chain reaction (Real-
time PCR), and Western blot were used to verify the effect and reveal the potential mechanism of C57BL/6J
mice in vivo. Result: Through network pharmacology analysis, combined with previous studies, it was predicted
that HQS may improve NAFLD by regulating autophagy via the AMPK/mTOR signaling pathway. The result of
in vivo experiment showed that, as compared with NCD group, random blood glucose, body weight, serum
TC, LDL-C, NEFA, liver weight, liver index, and liver TG content of mice in the HFD groups were
significantly increased (P<0.01). HE staining showed massive lipid droplets (LDs) vacuolated, oil red O
staining showed lipid accumulation in liver cells, and no obvious autophagosomes and autolysosome were
observed under TEM. The relative mRNA expression of LC3A, LC3B., AMPK«l and protein expression of
AMPK, phosphory phosphorylated (p) -AMPK, and p-AMPK/AMPK were significantly down-regulated (P<
0.01), while the protein expression of microtubule-associated protein 1 light chain 3 (LC3) Il /I and p-mTOR
was significantly up-regulated (P<0.01). As compared with HFD groups, liver weight, serum TG, and NEFA
levels in HQS-L and HQS-H groups were significantly deceased (P<0.05, P<0.01). HE staining and oil red O
staining showed the improvement of liver pathological changes after HQS administration. Under TEM, a small
amount of autophagosome and autolysosome were observed. Besides, liver index was significantly decreased in
the HQS-L group (P<0.01), and random blood glucose, serum TC level and liver TG content were significantly
decreased in the HQS-H group (P<0.05). The results of Western blot and Real-time PCR showed that the mRNA
expression of LC3A and LC3B and the protein expression of LC31I/1 , p-AMPK, and p-AMPK/AMPK were
significantly up-regulated (P<0.01), while the mRNA expressions of p62 and protein expression of p62 and p-
mTOR were significantly down-regulated (P<0.05, P<0.01). Conclusion: HQS may promote autophagy and
restore autophagy flux via the AMPK/mTOR signaling pathway to alleviate hepatic steatosis improving NAFLD.

[ Keywords ] Huangqisan; non-alcoholic fatty liver disease; network pharmacology; adenosine
5'-monophosphate-activated protein kinase (AMPK )/mammalian target of rapamycin (mTOR) ; autophagy
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BRUBSE 760 I A 11 W B AMPK/mTOR {5 53 8% (14 5% Wi,
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F] ), Nikon Eclipse Ti-SR Y {8 & 5¢ ¢ i i 5% ( H A
Je BE 2 El ), HT7700 #3% 5 7 B i BE ( H A&
Hitachi 2 7 ) , ABI 7500 %! Real-time PCR {X ( 3£ [H
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cDNA Bif 2 pL, ¥ 14 5% 14 S 95 °C fill 48 ¥ 30 s,
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Table 1 Primer sequence
519 LT A (5-3") TR (5-3") K JE /bp

GAPDH GGTTGTCTCCTGCGACTTCA TGGTCCAGGGTTTCTTACTCC 183
LC3A CTGTCCTGGATAAGACCAAGTT GTCTTCATCCTTCTCCTGTTCA 185
LC3B CCACCAAGATCCCAGTGATTAT TGATTATCTTGATGAGCTCGCT 120
p62 GAACACAGCAAGCTCATCTTTC AAAGTGTCCATGTTTCAGCTTC 96
AMPKal CAACCAGCCCACCTGACTCT CGTGGTGTTTCGGCAACCAA 91
AMPKa2 ATGATGAGGTGGTGGAGCAGAGG AGTGAGAGAGCCAGAAAGGGAGTG 134
mTOR CTGATCCTCAACGAGCTAGTTC GGTCTTTGCAGTACTTGTCATG 112
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. 24 .
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mTOR1E N [ W) 834 55 [+, H AMPK/mTOR
5500 2 AW 2 MfE Sl gz — . R, A
784 B Y HQS i i+ AMPK/mTOR 5 5 i % 4 17
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3.2 LEEUESS R

3.2.1 HQS Al 8% HFD i/5 5 i) C57BL/6J /N BL 1y IfiL
fg St FESE R P HFD 4 59 /0 BUMR i i 1% K
B T HA 4 4 (P<0.05, P<0.01) . W& 2.
55 12 Ji K HFD /s BB AL 1 8 7K 7 8 % T & (P<
0.01), 1M HQS-H 45 24 B & B A% 7 HFD M 3% /N LY
Bifi AL 1t B 7K - (P<0.05) . IE4h, 5 NCD /R Fb 3¢,
HFD 4 Ifil 3% TC .LDL-C #1 NEFA /K V- & 3% J+ & (P<
0.01), TG 2 FHt#a# B R Lg it & L,
HQS-L % 24 J5 TG B & B% X (P<0.05) , TC W& £ [%
% , HQS-H £ TC HI TG B i F# ik (P<0.05) ; HQS-L
AITHQS-H 45 25 %t LDL-C & W 22 7 L4 it % 2 X,
HA FEAC B %, 5 NCD /N BLUEL ¢, HFD /) BRI i
NEFA I i (P<0.01) ,HQS ¥/ Y7 J5 W] i K& A% (P<
0.05,P<0.01)., W33,

Table 2 Effect of Huangqisan(HQS) on body weight of HFD-induced mice (¥+s,n=12) g
2105 Fl /g ke £ %5 %107 13
NCD 21.23+0.21 25.28+0.49 26.65+0.45 27.83+0.50
HFD 21.03+0.22 27.76+0.57% 30.61+0.65% 32.06+0.70%
MET 0.25 20.88+0.24 24.75+1.38" 25.55+1.65" 27.67+0.32%
HQS-L 0.5 21.07+0.20 25.16+0.53 26.13+0.66" 28.25+2.12%
HQS-H 1 21.00+0.24 25.48+0.49% 26.23+0.60" 27.96+0.69"

¥ 5 NCD 4l b #: VP<0.05,2 P<0.01; 5 HFD 41 L4 ¥ P<0.05,4 P<0.01(F 3-3 7))

®3 BEHXMHFDES/NRMMAEREHZIE (X+s,n=8)

Table 3 Effect of HQS on alleviate dyslipidemia in mice fed with HFD (x+s,n=8) mmol- L'
215 Fl /g kg Fiti AL 1 5 TC TG LDL-C NEFA
NCD 7.7120.22 3.17+0.07 0.810.05 0.29+0.02 1.360.11
HFD 9.80+0.39” 6.20+0.18% 1.10+0.07 1.24+0.06> 2.28+0.09
MET 0.25 8.91+0.14 4.65+0.18" 0.52+0.03" 0.77+0.05" 1.46+0.06"
HQS-L 0.5 8.54+0.26 5.84+0.23 0.67+0.04" 0.96+0.13 1.44+0.10%
HQS-H 1 8.09:0.33% 5.60+0.29% 0.69 +0.01>’ 1.12+0.09 1.48+0.12%

.25.
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3.2.2 HQSU# % HFD i/ 5 iy CSTBL/6J /)N KLY HF I
fEWi A= PE 5 NCD /MR L #, HED /N B JF AE 3
Ko IE W B ABKE , HED 20 (4 /0N BRI 9
F&BCF I IE TG & 2 1 2 J+ = (P<0.01) , &£ HQS %43
24 J IR 5 R IE TG & 4t B B IR (P<0.05, P<
0.01), HQS-L %5 2 J& JF Wk 45 %0 . 3 B AL (P<0.01) ,

I HQS-H Al MET 41 JIF 45 %% HFD 21 5 F B #a # (1
ZF G E L. IFIEHE 4 4 & 7R HFD 41/ i
JHFHE LDs K23 Ak, 3 21 4% {5 i 75 HED 41708 BUIF
40 B RE W HE R BRI AR MR O . 4 HQS 4 2
e, BRI A RS R . W 1. K4
s,

W AER BB RIA]  C 2 H OBUNRAL ; D. 5 R HUIR R 21 5 B 2 0 SR 2 (T&1 2 AR 3 )

B 1 HQSX HFDFS/NRAFFAEAS AR Z M (x100)

Fig. 1 Effect of HQS on ameliorated hepatic steatosis in HFD-induced mice (x100)

# 4 HQSX HFDFS/NRAFALREFMFREBMHN (X+s,n=8)
Table 4 Effect of HQS on liver index in HFD-induce mice (X+s,
n=8)

215 F /g kg HFHE AR E /g 48 K
NCD 1.04+0.02 3.6940.03
HFD 1.60+0.06> 4.77+0.08%
MET 0.25 1.29£0.01% 4.57+0.07
HQS-L 0.5 1.2120.03% 4.36=0.13"
HQS-H 1 1.26+0.04" 4.55+0.09

&5 HQSX HFDFES/NRIFE TG BRI (x£5,n=6)
Table 5 Effect of HQS on liver TG in HFD-induce mice (x=s,
n=6)

205 Hl /g ke JFIE TG/mol- g™
NCD 7.240.6
HFD 9.8+0.6”
MET 0.25 7.1+0.59
HQS-L 0.5 8.5+0.8
HQS-H 1 7.7+0.4%

.26 -

3.2.3 HQSH {2 B Wi A B RIHE
5f HL 8% . Western blot Fil Real-time PCR 4 A& |, # — 2
I59FE HQS % AMPK/mTOR {55 5 18 8% 1 [ W 4 5% i
NCD 21 JHT- 240 i 2 4% 285 ¥ A X A8 -, R Jo 24 59 oA D 7K
i, e N R AR D RN — R DL
JfL N AEAE — 5 i 1 R AL A (Ly ), T Wb 4k G
W V45 it K s HFD 2H i 200 6 45 0 82 5 A %o ¢ 8, i o
AH 58K B R B, 2R A i b K, 3 2 Uik DR 240 A
5 BUIR , EB 43 T 45 b VS A e A 3R TR M A4 D
ORI N A7 AR K i B RLAR T L Al A, S gkk mr L b
IR A WE L ER UUBE B A R MET 4 S
HQS-L 21 21 A 453 3 B2 B A A1, B I 4 % D B &6k fob
Ji | I A0 IR O A IR R, M AR 2 R R
AN — oyl A  AFE— 2 i Ly, i [ M
DA AT AL R A 5 A S O AR e B B B, T 9 i
W2, KN 5] R W B Rl fE 7 — %€ i Ly
/D R G s A (SL) T G %5 44 s HQS-H 4146
i B JE v R AR R K, N B 2 IR
RN — 5 g i il A, mT UL /D I i A4 R
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G /NA P9 3405 1 ok AR 2 4 . LR 2,

L4k, HQS-L 1 HQS-H 4 24 nl i 2% Jt = HFD
755/ B E B mE AR AR ) LC3 A LC3A I
LC3B ) mRNA R ik 7K F-(P<0.01) , i 2 FEAIK p62 1
mRNA ik (P<0.01) . #F— 4 K Jf] Western blot £
W25 A\ w2 H K, 5 NCD 4 g,
HFD 4 iF B ff LC3 T/ 1 & A K 8 & 7 & (P<
0.01), Al i p62 Fik A7 fir g fn. 5 HFD 4 L 4%,
HQS 4 2y )5 , AFEHh LC3 T/ 1 & A /K 8 3% 7H &
(P<0.01) , 1 p62 7K F B & P& 1% (P<0.05) , [A] B

Beclinl #5 [ R Ik7K V22 R Lg% L. WK 3,
6, 5 NCD A, HFD B i [& ik AMPKal ik
(P<0.05) ,AMPKa2 (I RIL XS LRIt FE XL, 5
HFD 4 H %, HQS-L #1 HQS-H 22 % L4 it 2% 5 X .
16 E H #35KF |, HFD 4 p-AMPK i 2 F& X H. p-
mTOR & 3 F+ 7 (P<0.01) , 2 HQS-L A1 HQS-H %43 24
Je bR g R A B 5 (P<0.01) . WLIEI 3. R T, 4
I, HQS I fig i i {2 ¥F HFD i% F /) il ' AMPK/
mTOR {5 53 A 3 09 1 Wi ok 5 0 B 7 22 7k (BIL
il PE1 D384 5 3 R B n 44 R )

20Ok R ROk . A I AR B TSk . A M AT B A

B 2 iE &R ZATAE B A B IR E R (TEM, x4 000)

Fig. 2 Observing autophagosome and autolysosome by transmission electron microscope (TEM, x4 000)

LC3] W S S e ae [61Da
LC3II ~ - - 14kDa

GAPDH syt * St * Si? ' S w37 kD2

P62 e W G B s 62 kDa
GAPDH e 'St S ' Sws® w37 KDa
Beclinl S St S S saee 60 kDa
GAPDH ‘S ' S ' S ' S s 37 kDa

P-AMPK SN s S S s (2 kD2

AMPK WS et S S auaw 62 kDa

GAPDH W S S S s 37 kDa

poTOR gy SN
[-actin Ny N’ N—' S S’ 43 kDa

L s s 289 kDa

A B C D E
3 /NERBFRE B B 4E € LC3.p62.Beclinl #1 AMPK/mTOR 15 &
BHEXEBORERIK
Fig. 3
Beclinl and AMPK/mTOR-related proteins in mice

Electrophoresis of liver autophagy related LC3, p62,

4 iFig

NAFLD [ 3= 2295 HLFAF 2 A 1% 76 J0E b i) i
FERE . i d AT 3 A FT 19 NAFLD & 5% AL il
B TWATE UL AU R IR AT
B & 2R KBTS BRI IE AR BT TR AR kAT R
FE 5 — WA T i 19 Ailt b5 36 1 PR I 4k 1 38 L AR
J N R AR T B B A AE . A BR T AR

# ,NAFLD 1y & 2E 2 P9 53 9 I % s 3 Tl RE 256
BT 2 Al By B S 2 mAT R Y,
T 5% NAFLD 5 T2DM [ 3¢ & , 2020 4F i 22 4~ [
FA R BR % /N B NAFLD B 44 £
A0 5 R W5 P 9% (MAFLD) , 3% 2 B NAFLD f9 llfi FR
12 Wi R T B AT B W A% 2 IR B . T2DM FIAR i
SR SR SR

FE NAFLD 8 B B, 8 | 5 B I o 0 JRR 5 28
HEATTE HFD i 5 19 /0 B 5 3l ] DL 7 QB 1S
A B AL RE I — RIIPF IR HQS Re A 2k 3
HFD % S (% & g Il iE & STZ % & HFD %5 T ¥
T2DM K B 3 & 28 0% PE AR IR L IO g s 25 1
I 5 o e B R A A AL AT fE 5 8
T A B A S R R A A A oG 3
PR 3517 O N T I 9 A S O B AR R -
5 Z o 56 . AR BIESE R FH HFD i 518 i
JH/IN BB Y, i A5 A0 5 AN 28 NAFLD AH B, B A7 i Al
) NAFLD SE R, 0 e | JBE B 25 HShe A Al £ 3 25
G AE, B AR of F2 5  #F Pk % H T NAFLD B
e ARWE ST AR 5 AT AT ¢ HQS MY i — L,
HFD i S (B AN B2 HQS LA 251607 I , R i i
L7 TG TC /K HE TG 7 = FF E 9 25 35 45 fF
U

2 r R AR E 25 A AN, B 2 2
M2 IR MR OR B A B TR YT R R AL & Ak

« 27 -
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% 6 HQSX NAFLD/MR BEEHE X mRNA TR BMRM (X+s,n=3)
Table 6 Effect of HQS on autophagy-related mRNA and proteins in NAFLD mice (x+s,n=3)

20 5 /g ke LC3AmRNA  LC3B mRNA p62 mRNA LC3 /1 p62/GAPDH Beclinl/GAPDH
NCD 1.00+0.02 1.00+0.01 1.00+0.03 0.40+0.01 0.76+0.11 0.99+0.01
HFD 0.75+0.04> 0.78+0.06% 1.03+0.09 0.68+0.01” 1.00+0.09 0.70+0.04
MET 0.25 1.070.05" 1.33+0.04" 0.44+0.02Y 0.71+0.03 0.69+0.06 0.74+0.11
HQS-L 0.5 0.98+0.06" 1.22+0.029 0.63+1.10" 0.84+0.01% 0.80+0.14 0.79+0.12
HQS-H 1 1.02+0.02% 1.18+0.03" 0.41+0.05 0.79+0.02% 0.54+0.07% 0.93+0.03

%7 HQSX NAFLD /MR AMPK/mTORESE B mRNAME LM (X+s5,n=3)
Table 7 Effect of HQS on mRNA and proteins expression of AMPK/mTOR in NAFLD mice (x+s5,n=3)
1 it/ ke AMPKal AMPKa2 mTOR AMPK p-AMPK p-AMPK p-mTQR
mRNA mRNA mRNA /GAPDH /GAPDH /AMPK /B-actin
NCD 1.00+0.01 1.00+0.03 1.00+0.01 1.25+0.07 1.16+0.05 0.94+0.08 0.78+0.05
HFD 0.81+0.00 0.89+0.08 1.41+0.04 0.75+0.07> 0.40+0.03 0.54+0.02% 1.14+0.01%
MET 0.25 0.84+0.01 1.06+0.06 1.20+0.01 0.83+0.03 0.68+0.02 0.82+0.01% 0.110.04"
HQS-L 0.5 0.88+0.05 0.96+0.10 1.27+0.21 0.81+0.02 1.13£0.10" 1.38+0.09" 0.81+0.05"
HQS-H 1 0.84+0.03 1.01+0.12 1.20+0.05 1.05+0.04> 1.14+0.09¥ 1.10+£0.13% 0.33+0.05"

B NAFLD. 4% 25 3 22 5o R AT LU 78 A2 ) & 4e K
- 25 ) R0 S 2 IR 2R T OE R YL FEA
5% o, 38 o @ 57 NAFLD & B X 4%, iff 58 HQS £ 41
Gy RS AE I PLE . 7E STF HQS W 7E B A
O3, MOL000098 (i f2 %5 ) \MOLO000358(B-4%
HilE ) .MOL000422( 1L Z5 1% ) .MOL000378 (7-0-H
S B0 2 PR EE ) FI MOLO000392 (A A8 2% ) % £
Al oy 55 B B AR A G . o e R B AR
JE AR YT NAFLD (9 7E L, 5 F0 808 ML A 5 AR 13
i TG BB A S A0 i R T R s A R
TR BL A AL N L S R S B PA OCR .
LT T L (AR ol W ([ N S o 1 =
P, 5% i 92 i 20 B VRV B8 s o 2 A A 2 T O T AR
P o B AR 3 L B )R E A 5 T ALY . MOL000417
(B8 7 B ) 2 DN B S b 2 O B 2R A 5 9, BB
% 58 ik W0 1 Je B X 3Z 4K (FXR) % HFD i & 1Y
C57BL/6J /N U I BE LR 4P 4 Y X se o R 8L T
R T HQS 24 7 (2 A . 2Rk NAFLD
ORISR

FE 0 45 2 B 2 1) TR0 25 SR i 3 A F o A
fil 32 T HQS 3 3 AMPK/mTOR 15 538 B 47 A
W% 9 4% JHF U B 105 728 1 2l 3% NAFLD MR 6. H W2
— A BEE Y A OR ST A 40 M R A MR A
RS L AR e A (R S R U S e
S WA TR AT R A, DT SE B FR R, LA 4E FE AL
WHREEY R E M ERSHNEE. LC3 2K

. 28 .

W g KO- 19 8 R 48 A L E H O ESOTE B LC3 T AE
12 R FE N B R VE R B4k Le3 TP p62/
SQSTM1 7E [ Wit (A it ik B v p 1 i ARk 40 28, e ¢
BV AR R A DR L, W A0 P 2R 4 p62
FAR K A G . g W7 40 L A i g R 1
FpOE 3, A 58 R BH 24 40 M Ak 1 Ry OIR S 5OE F IR
5 i fift ) i o Ak 15 8 S B0 R S 1 v v B
DIRG9 T SRR 40 i 2o AR T 1 W 3 A % A i
I . 530 NAFLD & i ) fis 5 B 28 0 e & 25 KL
f 5 TG FIE 25 B8 17 2 (FFA) B 2 AL v i 45, 5
FI I A2 450 S . AMPK AR Jy 40 ifg A 2 A R S
1 BALEAS S 5 0 B B £ ok A A=
Yy k1B 5 e ) TR RO 2 4% B RE A OC
{553 1 AMPK -4 2] mTOR 7, AMPK i 1 $%
PLmTOR & 4% 1(mTORCI) ¥ 45 UNC-51 ¥ i
ity (ULK ) 1 14 52 Wi [ 12, 1 AMPK/mTOR J2& [ Wi
RN Z M ES Mg — AR MiE R, MR
JH 24 M [ W E HFD 5301 0 %87 36, {H < 1) HFD #J
T A WEKOE B3N, X 5 HFD M il p-AMPK %
A A R B E A p-mTOR 36 P4 5,

AWFFE T, KR Z B R MR 13 A B AL A
NEHFRELC3 11/ 1 B3R5 5 1 5 4040 L 1 2 3 m
[Fi] i p62 & ik HAT AH [] # #e , Ud I AR 780 20 A7 7 F I
W Z M4 . 5 HFD 41 H &, HQS 4/ BT iE
LC3 T/ T iy ik B W Tt &, (A p62 iy % ik i 5 f&
I, 4275 HQS W fig i o 2 28 1 s R 52 1 e 3 > 2
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T JUE g 07 7 P, HARBIL R A o ik — 2B B . it
Ab , P P9 S 80 45 5t R L HQS 1] I i NAFLD /) [
p-AMPK (1) % ik & p-AMPK/AMPK {H , [d] i '~
p-mTOR {3k , $& 7% HQS 4 15 [ 14 1T i 4K #fi T
AMPK/mTOR {5 Z il . £ b rik , HQS Wl 42 i ik
i W 75 1 19 1 T 8 5 AMPK/mTOR {5 %5 3 4
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