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[ Abstract]
and to explore the pharmacodynamic substance basis for the treatment of metabolic dysfunction-associated steatohepatitis (MASH ).

Objective: To systematically identify the main chemical components of Linggui Zhugan granules (LGZGG),

Methods: The chemical components of LGZGG were systematically analyzed by ultra-performance liquid chromatography-
quadrupole-time-of-flight tandem mass spectrometry (UPLC-Q-TOF-MS/MS). The protein-protein interaction (PPI) network and
"compound prescription-disease-component-target" network were constructed by network target analysis to predict the potential
pharmacodynamic substances and core targets of LGZGG in the treatment of MASH. The potential pharmacodynamic substances
were enriched by macroporous adsorption resin, and the chemical composition of the LGZGG-50% ethanol elution fraction
(LGZGG-50) was analyzed by UPLC-Q-TOF-MS/MS. The mouse model of MASH was established by feeding a high-fat, high-
cholesterol, and high-fructose diet for 12 weeks. Mice were randomly allocated into normal, model, positive drug (MGL-3196,
1 mg-kg') , LGZGG (crude drug, 34 g-kg'-d'), LGZGG-50 (crude drug, 34 g-kg'-d') groups. The levels of aspartate
aminotransferase (AST) , alanine aminotransferase (ALT) , total cholesterol (TC) , triglyceride (TG) , low-density lipoprotein
cholesterol (LDL-C) , and high-density lipoprotein cholesterol (HDL-C) in the serum were measured, and the pathological
changes in the liver tissue were observed by hematoxylin-eosin (HE) and Sirius red staining. The in vivo efficacy of LGZGG and
LGZGG-50 in the treatment of MASH was evaluated on the basis of the findings. The expression levels of adenosine
monophosphate-activated protein kinase (AMPK) , phosphorylated AMPK (p-AMPK) , silent information regulator 2-related
enzyme 1 (SIRT1), peroxisome proliferator-activated receptor « (PPAR«) , and carnitine palmitoyltransferase 1A (CPT1A) in the
liver tissue were determined by Western blot to verify the regulatory effects of core targets. Results: A total of 83 chemical
components were identified from LGZGG, including 20 flavonoids, 13 terpenoids, 17 organic acids, 7 amino acids,
11 glycosides, 3 nucleosides, 3 aromatics, 3 alkaloids, 2 phenylpropanoids, 2 sugars, | nucleic acid, and 1| steroid. A total of
134 common targets were obtained by network target analysis. The core targets included SIRT1, PPAR«, nuclear factor-kappa B
subunit 1 (NF-«B1), and interleukin-6 (IL-6). Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis revealed
that the targets were mainly enriched in the AMPK, PPAR and other signaling pathways. The topological analysis of the "compound
prescription-disease-component-target" network showed that the potential pharmacodynamic substances of LGZGG against MASH
were flavonoids and terpenoids. The relative content of flavonoids and terpenes in LGZGG-50 were 74.00% and 62.41% in positive
and negative ion modes, respectively, indicating that LGZGG-50 effectively enriched total flavonoids and total terpenoids. The
results of in vivo efficacy showed that compared with the model group, LGZGG and LGZGG-50 reducef the body weight, liver
weight, serum TG, GLU, and ALT levels of MASH mice ( P<0.05,P<0.01), and LGZGG additionally increased the HDL-C level
(P<0.01). Both groups alleviated the pathological damage in the liver tissue. The results of Western blot showed that compared with
the model group, the protein levels of p-~AMPK/AMPK, SIRT1, PPAR«, and CPT1A were up-regulated in the LGZGG group
(P<0.05,P<0.01), and those of p-~AMPK/AMPK and CPT1A were up-regulated in the LGZGG-50 group (P<0.01). Conclusion:
LGZGG ameliorates MASH, with the main pharmacodynamic substances being flavonoids and terpenoids. The mechanism may be
related to the regulation of AMPK/SIRT1/PPAR«a signaling pathway, improvement of lipid metabolism, and alleviation of
pathological damage in the liver tissue.

[Keywords] Linggui Zhugan granules; chemical component; identification; metabolic dysfunction-associated steatohepatitis ;

ultra-performance liquid chromatography-quadrupole-time-of-flight tandem mass spectrometry (UPLC-Q-TOF-MS/MS)
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1 a2 b W B B R o . BF 9 R T, LGZGG fE
38 Ao B AR i B 7K T | AR Al I B U R AR I
N YA JF MASH'™ . {0 H i Xt F LGZGG #) it 3 fih
BF 5 B 55, H BT MASH (¥ 24 25 ) o 3 ilt it S 9
B, WCAS B 5% R B v RSO 0 3% - DO A AT - AT
i) BB B¢ 5 % ¥ (UPLC-Q-TOF-MS/MS) Xf LGZGG
B A 22 A AT R G M B H AR 22 gy i
W 2% BI85 43 B 45 6 3 ) S5 90 39 0iE , #R 98 LGZGG &)
MASH #5 # /I8 B89 36 97 7 1] B HAB Y7 MASH (1) £
BEG R T, by FC T AR AR Kl R N B A e
WA
1 #
1.1 2% Agilent 1290 %I 1 &5 %50 W AH 8 3% 4L |
Agilent 6538 Q-TOF %I Jii ¥ 1% ( 36 [ Agilent A ] ),
Milli-Q 78 4 7K A% (3 [ % #4127 ) ,METTLER
TOLEDO XP6 #! { J5 43 Z — W F 73 M K °F (I I
Mettler Toledo 2\ 7] ) , BS-240VET %! 4= [ 3h sh ¥ 4=
653 BT A (RN 35 B 3 ) B2 97 BB R A R A /) )
Power PacTM HC % i 3k {% | Trans-blot SD %Y 2=+ 5%
ET 4% . Universal Hood I %I #E & i 1% % 6 R 4 (35 [H
Bio-Rad 7 7 ) , SZN7ITRIST2 #Y {4 M & £ %5 .
E200M VR B2 8 33 8% ( H A Nikon A 7] ) o
1.2 2955 LGZGG M H T8 (TL 9 4%
2l et A BR S 7L 415 3 5 2 240401 ,2240401)
e A v JOEL T It e RO Rk [l 2R BB RO A
FR 2> F] L, 485 D09100310, = i = AH 13 W = 21 b Al
4%, Hor 40% i 1 L AE L 20% FBE At fE 2% R [
fEFE 1, resmetirom (MGL-3196, 3¢ [ AbMole 2 & ,
5 M3184-02, ML #% 500 mg/37 ) , BeyoGel ™ Plus
PAGE i il JiZ ( Tris-Gly, 10%, 15 £L ) . 3% 3 % — 3z 0f
TR (BCA) &R A I 3t 7] % 00 f 928 10 U 1% 2 o
G2 WP (RIPA) (W38 = KA H R A BRA AL it
509 A423250901 ,P0809S . P0038-100ml) , 7T 2k
5 E K 2 M DG 1 (SIRT ) Huik i A AL 9 i
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512k 100159882 .105971923) , it R 1% 1L 25 (1 i Al
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(GAPDH) ik BRAR i S Ak ¥ 8 (HRP) br i (19 1L =
P e i 9 BR & 1 G (IgG) ( 5% [® Cell Signaling
Technology 7+ ® , %% 5 43 Jll 2 2532S. 25358,
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H 100 mL H ZEHEJE I b, JndE 267K 50 mL , BK & ot
H, A (D)% 500 W, 438 40 kHz) 30 min % i , i
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2.2 XTRESIAWH A AT IR T 6 O
aOTREH RLE CH R R R R R SR A
FOUHALTT 4R ERH R BRI N RO
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IR, B Ay TP, B VR BE (0~20 min, 5%~45%B;
20~60 min, 45%~95%B) , ff & 30 °C , Ui
I mL-min™, #EEE I 10 WL JUiE 554 0 HL 0 55 3
I8 (BSD) , 2k HIIE B85 B U4 4, 2+ U5 IR
120 °C, 24 R 175V, HEFLHLE 65V, BANAE %
4000 V, Z5 46T A TR E 350 °C; TR
R B & 10 Lemin™; 55 16 < JE J1 40 psi (1 psi=
6.895 kPa)— Z¢ Jit 1% 4= 1 4ifi (73 Bt 4 22 000, 31 $ifi i
[l m/z 50~1 500) — ¢ Jit i >R ] AUTO MSMS £ 5,
filf 78 BE it 10~40 eV .
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22 RS E B . 2.1 30 F A A3 W s i, R
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T
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I3

2.5.1 LGZGGiAY7F MASH §E S UM 4 50 b7 %5 58
B 4k 2% 1 43 38 11 PubChem %% 45 %2 ( https : //pubchem.
ncbi.nlm.nih.gov/) 3k 5 H: SMILES =, 3+ #ii A Swiss
Target Prediction #( 4 /&£ (http : //swisstargetprediction.
ch/) , EFEY) TP 2 “Homo sapiens” X Ji 73 #E £ #E A7 i
W, O 8 A& >0 19 #E 5 o LA “non-alcoholic
steatohepatitis”
“MASH” “nonalcoholic steatohepatitis” &5 & ¢ £ 17 ,
a3 9 AE N 25 56 5L 4 P2 (GeneCards, https:/www.
genecards. org/) . 7E £k A\ 2§ i 18 /R 5t 1% R 48
(OMIM, https://omim.org/) | 24 ¥ it 1% 24 5 25 ¥y 3k
21 2% J1R 2 (PharmGK B, https : //www.pharmgkb.
org/) J7 5L 25 FUEUHE )& (TTD, https: //db.idrblab.net/

“nonalcoholic  steatosis  heptitis”

ttd/) . DrugBank (https://go.drugbank.com/) . J% Ji5 &
% 2% (DisGeNET, https: //disgenet.com/home/) 7,
9% o Xof o7 L O E N R RE IR G O A% R A
Jf e AT B AR OGBS
PO OB A H AN & BCE F O A (https://www.
bioinformatics. com. cn/) ¥ # Venn & , 3% 15 3¢ £
LiLy=4
2.5.2 - BUHEAE R (PPL) M 45 4 2 A%
O TR SR A AR B AR 4 AT
B4 % (STRING, https : //string-db.org/) , #J &t PPI %]
4% B85 ]S A Cyto Scape 3.9.1 B A4 47 n] #l Ak 4k
. 32 ] cytoNCA #fi 1, 75 LGZGG i/ J7 MASH
HAE M 2 v SR Eoh o (BC) BT 0
(CO)MEE LM (DC) , B3NS ERK T A%l
P VA U7 6 K85 7 2 Y A SR A I % R D AR
S R AT U, A5 B0 A0 FE A, DA O B A T
A R G PPLIR 45 iy I 3R 1% LGZGG 2 3% MASH
FR) G B
253 HEPEAIK(GO)INRE M AN 5 E KN A A
B2 1 (KEGG) G5l B & o AR AT
A David 3 #i% /% (https://davidbioinformatics. nih.
gov/) , & ¥ Fh “homo Sapiens” , DA 4 1% & Bl &K
(FDR)<0.001 2y fifi & 2% 1, #5 GO Jr iE Ay 10 1 % 4
K KEGG & #0717 20 & 5 MASH £ % 21k
F 0 3E B, B 5 R A R B AR A AR O 6 (https://
www.bioinformatics.com.cn/) Hl/F 2 .
254 BJ7 PRI -HE R AR A K ARAS Y
A8 AR 1 S X N A B o3 B A B Network” 9 2%
25K SCF B “Type” J& 1 43 28 30, & A Cytoscape
3.9.1 BRA A8 5 Ty - 1 43 - - DG B I 2% 51, |
H cytoNCA i {4 2E17 M &5 #1820 7, LA BC .CC .DC
KT ECH 20 1 LGZGG iR T MASH 1Y T 1E
250
2.6 LGZGGEZ YR E % FRILGZGG +
B R 0.5 kg, i 10 F% 51 50 °CHIK , 7843 BEFF L 43 5
VL UUTE TN 10 £ 5 9 50 °CHUK , T84 i 2
fife | A IV VR Do R VA A R RE OO R RE 1.2, 2B A
B i 2T A P W B A O 70% (20 °C) , i E 10 h,
438 13,4 000 remin” B0 10 min, & I BT
WO IR R A7 AR B 1.1, B B A B4 1Y
10 L 1) AB-8 W g e A, alifb K vh vk 2 JE W5 LA,
FrAS WK 2 he 4350 4 BV B 44k 7K Fi14 BV 1)
50% £, WE Uk, 75 B LGZGG 1 50% 2, B Uk it i
(LGZGG-50) , BUFE, 1 0.22 pm Gl FLUE 3 36, R4
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VBV, TE 2.3 TN S5 HEAT W BT AR AT . ¥ LGZGG-50
AR E Z
2.7 LGZGG &I MASH f4E FH K2 L1 5631
2.7.1 MASH /N RUBER# 8 S v 21 4525 IR
C57BL/6J/NFL 30 H (MK 5T & 18~20 g, 4E ¢ 8 i ) , /)y
BRI PR MR R 1A R IR BT B B P 3 O OE R A
(6 H)FNiERIA (24 K)o A 3h ¥ % FH & i e iR
[7] i v SR DR E AT MR IREE 2 A O 24
T B ) A b v < 50 A g, MR R R IfL T T R
1% 2 FE 5 % Tl (ALT) W 35 Tk i o o JIE e JIEL [ It vy 2R
Wi 2SR5 S 12 )8 ) AR 3l o I A K i v
ALT 7KV 35 120 S Wy BE WL 53 R 7 20 BH 1 245 20
(MGL-3196, 1 mg-kg') \LGZGG 41 ( D 4 24 it
34 g-kg-d') .LGZGG-50 4 (L2511 ,34 g-kg-d"),
it 445, Hh LGZGG 4 M LGZGG-50 41 %
2450 1 4 B I R LGZGG RN SR 30 i. 44L3h
Yoy 0 HE S 45 T AL 259, E R 2 SR AL 20 45 T 4
BB LK, B R 1K, 2 128 . 45 25 18] BT A 3
YU IE HOK  BRIE & Db, A B9k S 45 T = i
i JIEL T e gy SR e
2.7.2 R EARR I E BRGS0 (3
12 J8) &5 8 —Fn ) FORR o 1R/ U I 5 259008
SR (3R 12 J ), B R AR 2 IR/ R BT &, DA
A DU 3 N BRI BT s S, R IR A 2 0, B
ANERES B 12 h, B/ BT 3t
2.7.3  /NEUREACR A R &t R 48 Bk
U E# kR I 1.0 mL, & TIRHEB L&D, 4°C,
3000 r- min &0 10 min, W3, T D AE A
I J A G F8 A5 o B S8 B 43 25 o0 B T, PR A
JHF BT, TS B, I 48 = R A (g ) AR i
i (g) x100% ., & £ K w3 4 JHIE 46 24 100~
150 mg, 32 0y , I EIHAT -
2.7.4 I3 RE BUAC IR AR DRI R IK 45 24
Jo A 4L/ S  12 h, /N BRUKE 35 3 bk R i, R 48 1l
W B 30 min, 4 °C & .0 AL 3 000 remin’, & .
10 min, 43 85 0% 4 A 20 il A= 4k 53 87 50K T i
T8 s %5 B A 2R 1 B [ B (HDL-C) IR % B2 AR 2 1
JIH [ B (LDL-C ) 7K ~F F1 LA (GLU) R 4 & R & it
R (AST) ALT &
2.7.5  JFEEZH S0 B ARG O E [ 2 T 10%
FHJE 5 W T, T G O BORE R R A W A L, B
(4 pm) MK Z R0 B B BRI K, 2R AT
IR - (HE) G (a F R R B 20 e o, IF A 2
B N /N UL 80U B 2=k . S IRCIR
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Kb M R 195 JHF 4% 1% 2l 1 43 Gbm )N 45 5L 86 AL B )
JHF 40 1t i 105 A P L 4% E 15 T A EA T2 L 43 M e VE
57 PG AT NAS 7.

2.7.6  IE H R BRI 1 (Western blot) £ il BT 2H 21
' AMPK .p-AMPK . SIRT1 ,PPARa . CPTI1A # 13
ik BN RS2 40 mg, il A i RIPA 4
il WIS S 3K B T SR CEE (1, BCA T 22 2 1k 2
T EAWEIT—1 . 10% ke LR -B N
A5 Tk Fie 5% J P K )5 e 28 R A 9 & s (PVDF) i,
5% JIi I 4= 47 25 W5 BB 90 min, TBST ¥E¥% 3 ¥k, 43 5l
JiA AMPK (1:1 000) ,p-AMPK (1:1 000) | SIRT1
(1:1000) ,CPTIA(1:1 000) .PPARa(1:1 000) .
GAPDH(1:1 000)$1A ,4 °CW & i )5 , TBST Ik
W3 ZHi(1:1000)HF 1.5 h, TBST UL 3K -
FIA ECL 5%, T Chemi Doc XRS & 4 i % 341
AR, {8 FH Image J 2 77 3547 5088 43 #7 o

2.77  Gil45r 8t R A GraphPad Prism 10.1 3K {4
HEATHCHE b I PR x = s RoR B A I 25 5%
PERE 50, 25 45 & IE A o0 A By 22 55 1 ok 5 i 47
ZHMBEFERITZ 0P, AR L2 H LK RH
Tukey ¥ ; NAF A B 43 A0 57 26 A8 55 19 804 - R
Kruskal-Wallis A ¥ % (A S 50 56 ) , 21 18] 22 1 Ho 4
K Dunn ¥ o P<0.05 £ 8 P41 22 5 A 48 i 2
3 &R

3.1 LGZGG M LGZGG-50 fb 2 i 7+ % & M
LGZGG 57t 83 b 2% ity , A0 % B 25 201>,
M I3 AR 174, &R 2 74 A 28
VA BT 28 5 B IOMA R4 34 ORI A
WA 24 RS AR KA 14, o 24 1ok &
X BES EEXT B TA o L3 i R BRI A

3.2 WEIRAAEY SR EE R EWIE
F AR v LIRS T 500 B S R AR A L DL 2- R (A
JU R BER , B C-CL-C I JE A B 481 it 5 i
FAb A W 3 I AR OL Y A R A T RS R 2R
&Y £ B R A CIHA M B, Al — R & F
FEAEPERE R8s 7 6] i, 8 A7 A IROE  ml s 3 AR
FEAH 4> B A HP G o AR oY L K ) 1 A AR
R OMER RHERFEIONIFEHSEWASGY, U
FH BT CPEARAE T OB R AR 1A R 2
G LU0 A6 2Rk 3] B 3k HE mT 6 179 24 Ml R
B R TERIAE R (LAY 62, m/z 269.080 4] M+
H) B 9 mifh , HAF/E CH,0 BUREE i 5
B CH, fl CH,OH 5§ ¥ i & &, B v & F
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m/z 254.056 3 [ M+H-CH,]" . m/z 237.053 6 M+H-
CH,OH]"; Ho¥k , C-¥1 %) kA= 24t , B LWk v B8 1
m/z 213.098 9[ M+H-C,0,]" . m/z 137.029 9 [ M+H-
CH,0H-C,H, ",

3.3 AHLRBAEW M EEE WY T Hr
25 R It 2 2% M O SCIRY N LGZGG v e figt A iy
VTG HR B A Y BB WA ESTRLA T A
A v BT N, EH T R A R R R R R L TR I
JoT i S 1 i B b 45 &) & % H,0 Ml COOH, H. 5 7
e JE A W 2408 LR S F . DUTF R (LG 15)
R R E YA R AW
s RN S B e m/z 191.021 3[ M-
HI ", RE 1T K, ZEBERE T m/iz 173.008 7
[M-H-H,0] =, # & ¥k & &b & 4 W # B Wl
m/z 129.019 8 [M-H-H,0-CO,] , B 5 £ & 143 ¥
H,O 724 m/z 111.009 8 M-H-H,0-C0O,-H,0] ., —.
G0 T (8] K AT T A SR 34 A DL 3 e e R B b e
3.4 FHRMRBAAWMNEEI LR I o4
RIS SR, BB W TE ESTRE T A 38
e B 7 T 5 R A R RN A DAL Ok g 2
fift 1 3 B 5 by B R A RN AR I B 5 AF B S Ab
SO B o I LAGZE R (m/z 175.119 1[M+
H]) WM Z g pigh , AN ERTERR ST
m/z 116.070 4[ M+H-CH,N, ", B J5 2 25 & 3 7= A= i
B F m/z 70.065 4l M+H-CH,N,~CH,0,]". {E&%
SCHR I #E W0 RT AE Y 2R A R A DL 1 SR R
R

3.5 MR EWNSEE WREARF T
ZAFTEN — R R Z R KRR, 5 I W
I (CHy) 1 8 A % 50K A 48 0 FEAS i B 28, 7°F
Hil R (CH,), (n=2)!" o MRS & A B 5 oo
B n] o3 S B (C10) A E il (C15) ik (C20) |
G (C30) N AR LK 13RI A,
HphHEBHE G, HEWRRE RN =, AR
WHEE T AN I AR MR ILEE A5 252K
ik EEA 2 ABBE, W, W =L
B W AE BT v P S T2 4 B OE BE A BT B s Rk
W, B IS A e B 20l 5 A5 43 F T A R R R/ R AR
FEAERT 0 23 P Bl AR JE 19 25 6, AT OB e vy 3
B ET . DHRRTGULAEY 78) i, HAE
BB T M HED T 5 76 m/z 839.407 5[ M+
H] fE gk, R A B A F T
W H m/z 487.341 3] M+H-C,H,,0,,]", B J5 %< 2 H,0
Ji XIE W m/z 469.331 1[ M+H-C,,H,,0,,-H,0]", 4%

& B BR 0 JT 2477 AL 0 B m/z 235.168 7[M+H-
C,,H,;0,,-H,0-C;H,,0,]", i#f — 22k LRI Ui A
2 m/z 189.163 2 [M+H-C,H,,0,,-H,0-C,,H,,0,-
CH,0,]". R4l m M A48 6 2% CHERZ L&
Yo H R B G AN, RS R A Y
AR AR I — RIS FEEE TR
PUH R 2 (79) A5, OE 88 AR i o+ 8
A m/z 471.347 Ol M+H ", BIATF 298 il i £ BE e A
B m/z317.210 3[M+H-C,H 0], ## CIHIF 2L
% m/z 177.163 1[M+H-C, H,,0-C,H,0,] " 1% = =F &
R B , C JE AR 2L WY Ji m/z 135.116 2[ M+H-
C, H;0-C H 0,1 . ik [¥] Ko 7 fiE i) 224 fiff L1
UL 388 5 Y R b e
3.6 HALKAGWEE B RAEGYREIE
1 B E Ay T i ME DI B A iR 3 R
BT kAW 12(m/z 337.078 3[M-H] ) i) 9 &
Al DLE B O 5 A B E i m/z 157.015 1
[M-H-CH,,O,] & E WA & T, 4563 % Uk
I W7 A B W0 12 19 2-O-0c-D-7] %5 15 N W R 5K - L-F5 3R
MR o 38 3 AR J5 v Ak & W 3390028 % 5 o e IR
iz -5-0-B-H FIMEL
3.7 LGZGG il /r-MASH A S KBEEHN
83 /™ il 4 7 Swiss Target Prediction & & , 2% & J5 15
2| 25 W o A ER R 494 > L ¥ B GeneCards.
DisGeNET . OMIM , PharmGKB ., TTD . DrugBank 5
it P2 B MASH 8 I B 75 52 T )5, LA 1) 5 5 410
11924 KAk & W0 88 i 95 0 B8 S0 E Venn 1], 3K
PSRN A 1340 UL i M R B A R
3.8 PPI ¥ 4% b4 4 FAZ O B0 00 0 % 07 ok 11 19
134 4> A2 SE 40 5 5 A STRING $ ¥ ¢, Jir 45 45 3 &
A Cytoscape 3.9.1, F] H] CytoNCA i 7 X £5 #1151 %
KEFIE AT AN AT, WA RS SEaREN S
Dgree {H 1A G . i 2 1 4% 0040 450 T 4E LA 2R -6
(TL-6) . M 38 & 52 /K 1 (ESR1) . J5 98 3 [H (JUN) |
SIRT1.PPARa . i 8 R JEH ¥~ (TNF) . V-Rel PR A
B 3 A dE g L R VR Y A(RELA) (R 58S 5
B SEBOHE N F L (STATL) & 2 A KW F 2 ik
(EGFR) .STAT3 . 22 %4 )i 1% Ak 25 138 B 3(MAPK3) |
1Bt S -k B T(NF-xB1) o US55 R B
ok
3.9 GO M KEGG & &4 41 i id David £ 4 4 XF
134 AR AT GO B &b AL E 4 1 7744
H AR (BP)MHCI A 582 4, 5 4l il 41 5%
(CCMHRM A 55% , 54 FUiie (MF) M C 4 H
- 233 -



H325H 17
202649 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

A 137 %% . KEGG i i & &£ 43 i 3 179 5615 5 il
#% . LA FDR<0.001 2} ffi & 5 4 , GO Hj fig BP.CC.
MF 4% & B 16 5 09 A 10 151 25 5, KEGG & %70 #r
TE 075 6 5 10 45 S vh YR B 20 45 5 MASH A 45 8 B0
ROE K, R R AR B RUE R A ISR
GO 45 3 .78 LGZGG X MASH #9348 97 15 /i 5 g I
AR5 1 2% i F A 5% s KEGG 45 - £ W LGZGG 4
J7 MASH W] B 2 3 o 5% mi Jig 57 A1 8l fik o5 A A Ak 38
B W 5 2 HEHE % PPAR {5 5 % . AMPK {5 =
A R FEAE o DL S R B in A L o
3.0 K7 BN - - R R B 134138
AR 5 T HX N Y 78 A AN 43 HE B A A Network” )
g o M SO K& “Type” JB M R X, F A
Cytoscape 3.9.1 F {414 1 52 J7 - Wl 4 - B i -5 i DR BBk
M2 & . LA BC.CC.DC KT {7 5k 45 1 0 1t
36 AN W TR TG Ve A, H b B R 2 ORD W 2R 3k
77.7% , 1% 45 e 3= W B FjG 25 7T g J& LGZGG IR YT
MASH 1 ¥ 76 25 %0 B 3 il o DL 3% 5 R B Jon
&L
301 BERZE MR EE AW LGZGG 1 £
B MR K o 3k 36 A, B 25 5 W5 2805 o e
41.6% .36.1%, 41 77.7%. Wk, Ry 56 3F &2 )5 - 9%
9 - 43 - O T 4% O S 1 1% 6 D SR i 2 e 5 LA
U MASH 1 /E R, R H AB-8 K FL W% B 4% B 25 &
TR B IO X FL R AT AR 4l Ak K LGZGG-50 1
JE e 46 T R B L 13 LGZGG-50 TR F i . &
UPLC-Q-TOF-MS/MS 43 #1 % 7 Kz g 1oy F1 5 — f 4b
BB A LGZGG-50 7 5 8 il A B S AE IE L 0 T
B By R X BT S 43 B4 i R 74.00% T 62.41%,
F W 50% L FEVE A R & T LGZGG H Y 1 1 A
i 25 1 4>, B LGZGG-50 + 32 & # vl J T 67
MASH 1) 25 5058 o H VR RH X 0T 45 43 H501 50 D0 3
58 HH RS RRS nRE L
3.12 X MASH AR/ BRUA BT & 3 K 52 51E
2 LA, T 2 /N B2 v i e I AR MR T B
755 12 J8 5 AR 5T i B 3 K (P<0.05) , 15 % 24 S
TS B K (P<0.01) s SREALAL A, &R YT 4
B /N B T o S BT B B ORI 45 24 s AR T it
KA W I E H (P<0.01) 3 5 LGZGG W
A, LGZGG-50 41 X A5 B /)y B BT £ 38 K Ay 41 161
YERZ S TG X, R Tk 2,
3.13 X MASH £ 8 /Iy B BT 5 Fi - IE 45 £y 52
Wi 5 IE R 2 B AR 2 0N R 2 e G v I g SR
WEAR &5 T 24 i UG & I BE 4 S e % T
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a 45 -k
40 = B
-~ C
35 D p
30 E
25
mﬁ 20
e 0 5 10 15
& b 50
45
40 2)
s T s
% - == 4
25

0 2 4 6 8 10 12
t/H
TE a0 /N BRUES JR 0 A 0 A8 Ak 5 b, 45 25 JA 30 P i R A A
AEH A ;B AR, COMHME254] ; D.LGZGG 4l ; E.LGZGG-50 41
(& 2. & 3 1)
B1 SHANMNREFSAPMEAARHNERESTL
Fig. 1 Changes in body weight of mice in each group during

induction and administration cycles

R2 RREBBEESAMASHNRERELLR (r+s,n=6)
Table 2 Comparison of body weight among MASH mice in each

group after last administration (x+s,n=6)

215 Fl /g kg A5 /g
IEH A 30.00+1.77
LR 4] 42.45+3.34%
PR 25 20 0.001 32.23+5.43%
LGZGG 4] 34 31.07+1.70%
LGZGG-50 41 34 33.87+3.17"

0 5 IEH 41 AV P<0.05,2P<0.01; 5 4 8 2 1 4 Y P<0.05,
YP<0.01;5 LGZGG 41t ¥ P<0.05,9P<0.01(3 3-% 6 [d])

(P<0.01), SEARYAH LA, 2% 45 24 4 o i ) P A1
(P<0.05,P<0.01), AT WEFE B4 — a2 B B B B AIG L (H 252
SRS FE ;5 LGZGG H 4, LGZGG-50 4]
XF MASH /N B BT i FHF I8 SR BN T, 22 5%
TGt FE L, R 3,

%3 LGZGG.LGZGG-50 ¥t MASH /J\ FR BT & & 0 BT Bt 45 $ 10 %
Mg (x+s,n=6)
Table 3 Effect of LGZGG and LGZGG-50 on liver weight and

liver index in MASH mice (x+s,n=6)

4151 Mit/g ke T i 4 /g JHIE 6 /%
EH A 0.96+0.13 3.20+0.38
LR 4] 2.27+0.53% 5.68+0.89%
A1 25 40 0.001 1.30+0.16" 4.44+0.39
LGZGG 4 34 1.60+0.24" 4.74+0.45
LGZGG-5041 34 1.73+0.10% 4.82+0.32
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3.14 X MASH B8 /)N BRI RS | I8 A48 405 38 5
MISE M 5O AL R, BT AL /N BRI T TG
TC.LDL-C.GLU 2 ALT.AST /K ¥ i # T+ &
(P<0.01) ,HDL-C & # FER(P<0.01) . SH AL L
5, FHPEZ54H TG .GLU \LDL-C \ALT /K ¥ & % [ A%
(P<0.01) ,HDL-C 7K - i # F+ % (P<0.01) , TC \AST
KOFH B 0 22 R B %% 8 XL ; LGZGG
41 .LGZGG-50 41/ TG .GLU ,ALT /K - ¥ 0] &t [
i (P<0.05,P<0.01) ,TC.AST.LDL-C K FH — =&

BEM R, H2Z R LRI %E X, LGZGG 4l
H-DLC 7Kk ¥ & # J+ /& (P<0.01) , LGZGG-50 4
HDLCH A mEaH HERLSKITFEX ;5
LGZGG 4 L % , LGZGG-50 44 %f MASH /) il TG .
GLU .ALT.LDL-C . AST /K[ BEARRYS 55 , 25 5 L4
Ph2E & X MASH /) B TC # HDL-C 7K - 9 5%
M 2% S5 A Ge it 2 & X (P<0.05,P<0.01), LI 45
# M LGZGG .LGZGG-50 1] L) 2k 3% MASH Jif 41 2!
rh B I A A B R, L 4

%4 LGZGG.LGZGG-50%f MASH /MR TG.TC.GLU.HDL-C.LDL-C.ALT .AST 7k EHI M (X+s5,n=6)
Table 4 Effect of LGZGG and LGZGG-50 on levels of TG, TC, GLU, HDL-C, LDL-C, ALT, AST in MASH mice (¥+s,n=6)

4151 Flit/g-kg! TG/mmol-L' TC/mmol-L" GLU/mmol-L" HDL-C/mmol-L" LDL-C/mmol-L" ALT/U-L" AST/U-L"
EH# 4 0.2940.06 1.86+0.30 9.69+1.91 2.73+0.30 0.23+0.02 22374278  65.75£9.79
R 2] 0.66£0.07°  3.64+£0.84  16.43+2.127 1.89+0.25% 0.65£0.122  177.68+50.35% 148.17+29.88%
B4 24 41 0.001 0.35£0.10"  2.48+0.40 7.32+2.70% 2.59+0.15% 0.36£0.12% 64.90£25.67" 101.43£9.35
LGZGG 34 0.38+0.07"  2.56+0.48 11.53+2.95% 2.43£0.06" 0.52+0.12 75.27+31.67" 100.12+33.48
LGZGG-5041 34 0.42£0.07"  3.30£0.49%  12.38+1.77" 2.06£0.27% 0.53+0.07 84.97+48.62" 135.58+32.40

3.15 X MASH B A/ 54 290 212 25 19 5% )
HE 4 45 5 oKk, 5 1F 5 41t A 41/ BRI 40
25 R R IR AR M, UL KNS — i BDE 2
T, DA SR kb 56 40 IS 5 BT 4 B 3 T (P<
0.01) . HBIAA LL#, M 254  LGZGG 41 .

LGZGG 4 % , LGZGG-50 41 %F MASH /) & JIT £F
A S PR 22 S G2 B X, Wk S K 2,
%5 LGZGG.LGZGG-50%f MASH # /s Fi BT 48 42 /%5 I8 iF 2 1Y

20 (x+s,n=6)

Table 5 Effect of LGZGG and LGZGG-50 on pathological score

LGZGG-50 41 ¥ GE A B o & T A A 454, BB 25 i of liver tissue in MASH model mice (X+s,n=6) iy
W i B OE 4 BB BE IR (P<0.05, P<0.01) ; 5 =5 g MEREITALEL KRR LR @)
LGZGG 41 [t % , LGZGG-50 41 % MASH /) BT 41 e S
PR " TPV EH 4 0.57+0.53 0.00+0.00
SR Z MR R 2 R RS B . KRE " . ) . )
— e R 41 5.00+0.63> 2.00+1.412
ST 6 55 IR R 5 E R 2 e B 2/ U 4T . o -
N e N e op e " [H M 25 41 0.001 3.17+0.41% 0.83+0.75
A AR v HPE 4 W3 T (P<0.01) . S5
LGZGG 4l 34 3.67+1.03" 1.00+0.63

HUZH LA, B 25 4H . LGZGG . LGZGG-50 4H /) BT
AHABEESHRNWSE, 2ZHFERITEENL ;5

RINELL

B2 LGZGG.LGZGG-50%f MASH /NRFFHEAFBEAEZIE (x200)

LGZGG-5041 34 3.83+0.75% 1.00+1.26

Fig. 2 Effect of LGZGG and LGZGG-50 on pathology of liver tissue in MASH mice (x200)
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3.16 X}/ AMPK/SIRT1/PPAR« 5 5 il % & H
FIRMF W 5 IE A A, BRI A /N U A1 81

p-AMPK/AMPK 7K *f- | SIRT1,PPARa Il CPT1A &
55 35 58 W 5 B AR (P<0.05, P<0.01) ; 5 8 7 21 [
BB  LGZGG 4/ R 4 41 p-AMPK/
AMPK .SIRT1 ,PPAR« fil CPT1A £ [1 5 15 5 I i 4%
i (P<0.05, P<0.01) , LGZGG-50 £ /]y §UAT 41 41

p-AMPK/AMPK ., CPTIA & 1 % ik & I 3% 1 fin
(P<0.01),SIRT1 .PPAR« 7 ik B A — & FL 1
B, 2% gt & L 5 LGZGG 4 b #
LGZGG-50 ZH p-AMPK/AMPK & [ 2 ik & 14 i 7%
BB 55 F LGZGG 4, 2 H A Gt 2= 3 L (pP<
0.05), B Rk i B nfe B RS 59 , 22 R B G it
RS FAE S,

%6 LGZGG.LGZGG-50 %t MASH /R AMPK/SIRT1/PPARafE SEHEXEHRIEMNEM (X+s5,1=6)
Table 6 Effect of LGZGG and LGZGG-50 on expression of AMPK/SIRT1/PPARa signaling pathway related proteins in MASH mice (X+s,

n=6)
21 5 Fl /g kg p-AMPK/AMPK CPTIA/GAPDH SIRT1/GAPDH PPARa/GAPDH
Ewa 1.00+0.06 1.00+£0.07 1.00+£0.07 1.00+0.11
R IR 241 0.19+0.05> 0.34+0.08% 0.57+0.06 0.54+0.10"
BRI 245 20 0.001 1.22+0.03% 1.47+0.19" 1.01+0.14" 0.92+0.17”
LGZGG 4 34 1.04+0.05% 1.34+0.09" 0.99:+0.17% 0.99+0.20"
LGZGG-50 41 34 0.79+0.09*% 1.21£0.10% 0.78+0.10 0.76+0.13

P-AMPK  w— e w62 kDa

AMPK s s s smme s 62 kDa
P ‘ 88 kDa
SIRT1 . o “ “ “IIOkDa
PPARx ””‘”~ 56 kDa
GAPDH -.--. 37 kDa

A B C D E

CPTIA . -

B3 MASH /MR AMPK/SIRTI/PPARa E S EHREXEHRIE
ik

Fig. 3 Electrophoresis of AMPK/SIRT1/PPARa signaling

pathway related proteins expression in MASH mice

4 itig
g R 7 B 2 A U A 20 R AR
Z 2T B2 AV FVLEIARAE o B IE , A B 5% 2
T UPLC-Q-TOF-MS/MS #; K X LGZGG 1k 2% i¥ 53
HEAT R GEor BT, S % 83 A o), A 45 B 25 il
FAF L A5G NGBR3 BT B0 LA T MASH 1 ¥
FE TR 5T Sy B TR 2 G 2%, A A A SIRTL .
PPAR«a %5 . 7F M IR b, X 8 A 2 Rl 28 147 4
aifl, 3548 = % WA LGZGG-50, £ UPLC-Q-TOF-
MS/MS 45 Hr Fi i 11 B2 05— fb Ab 2 B A LGZGG-50
AR AR TR R ARSI 2GR R B
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LGZGG M H & 57 LGZGG-50 24 ] [ A% =5 JIE &
JOEL T S g SRR £ 175 5 A MAASSH AR R /) R A | ol
HE B T A5 405 46 A, D 2 T O 9 B 48 05, LV AT
55 3#% AMPK/SIRT 1/PPAR« {55 538 5 47 56 .

B P 24 R SIS A3 A 0 A A R T
14 24 BRAE AT A DG SClk i o i, S H s =
il W 48 ) 8 A /IR 5% D0 2 fifk 4 A g 411 i) BT
JR T A5, IO AP I 200 16 5 32 g I 3 B s o 1 4 Ak
A AR P T AT LU T A A 3 L AR A
FIVEE S ARt AT 25 1 AT LR H U A 5 4 i 2 P
PPAR« 15" H UK R 1T 403 B 10 s Joit e AR
YoMk AL R . AR 5T LW R AR A
HBAL LGZGG-50 1 5 8 i FLE i 7E 1 1 2 822X
T AR B A K 74.00% F162.41% , BB 3% 5 40
Shy B A FRAL . RPN 28R SRR LGZGG-50 7]
o503 e i v IR v SR IR 15 5 MASH AL/
SRR T A A, i T S BB 407 , 1 % 8 ) 288 A il 286
A BE R VATT MASH (9 EZ 25500 % .

MASH & 9% I 4% .0 B 28 2 g o AR 25 L, JHoxt
JFHE 5 1 A0 B kAT 7, S MASH [ & s v 7
BLAE . MASH &0 5 2 80 H B 8 19 s 5
A 25 AL S A, R Bk W TG . TC . GLU,
LDL-C.ALT.AST /K ¥ Jt & , HDL-C /K - B iK™ .
AMPK 5 5 38 [ A {2 A= Wy 8 5 B o A i 25 AL 1)
R BT [, A5 R 00 ) 200 P4 B ) O R R ¢ A A R
i 380 {5 (40 NF-«B ) B00E , DT 6k 22 MA SH %% 1 &
Y. AMPK G 9 807G T4 p-AMPK K -, ML
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M7 5% W) i iy 2 L [ e 5 R i 07 IR Ak 1) — R 47
AR 2E 11 ok 4T 40 R AR . p-AMPK GE i
T4 TR A B e P T A A TR /3 i TR R T G
I A k% AF R (NAD/NADH ) , | NAD % # (1
20 7E 1 B 2 Bk SIRT1, SIRT1 X 5 p-AMPK 3 [A]
FH L 81 FF U B BTG I D Ak 1 35 R B 2 Bk Ak
AE — S 2 SR T DR 0 R R R h R A g5 AR
FH™ . BT 1Y SIRT1 AE A #F MASH /I BRUE AU o fig
J 5 B RN R D5 R 48 Ak Ok R T BE IR 5 AR
p-AMPK 5 /b 2, Tk S it A ] T 19k il A 19 A
4 PPARa Y 26 352" SIRT1 # ] NAD 14 Jy i [
Rt R A A N R TR AW I i 2 A
AR WFFE R, SIRTI Y 22 34 58 i 45 1E 1] 34 45
PPARa K27, PPARa 7E AT JIE b s B 2 3k , 38 IR
77 2 15 HUR T Ak ok S Ak 6 A B D7 R 4 Ak L TR 4R
Az 18 i s T HEE R RN 25 40 R PPARe J2 IFIIE B4R
A AR w 804k 1) 35 B2 8 45 51200 a5 S BT
B 15 2 B 4R Ak O B PR G i CPT 1A Y 3238, 38 i Ag s
M2 E N LORAR HE AT B AL, AT AT R R AR TG AN
LDL-C 7K - I il INK PH - DAk 52 i 25 1R 5 1R 51
I SR E N 2 A I 45 B0 AR 3 BT 45 2R T A )
AH 5 SCHR % B, AMPK . SIRT1 . PPAR«a .CPT1A £ &
JE 1N A S A R A T B ok ek i AR RN R
JiE , JEIR YT MASH 9 5 250 450 foxt BiR R
FRIAT TR 45 R WoR , LGZGG Je H a5 5
LGZGG-50 ¥ 1] 24 3% MASH i 1F F 7l fig 5 341
AMPK/SIRT1/PPARa {5 5 il #% A ¢ , iX — if B2 AL
LB VR g 07 e A i A A OB s AR T 1 | A ik
A& S M A1 ) 5% AE 3 B, T B 22 2 OROUE 4 I 4%, R
A MASH %9 1 #% O HLTH

25 TR A 5 3 2o B4 5 S AN R 4% 5 AR
Br L 45 G R N 25 RO B LGZGG B A 3
MASH B 7E I, A& 30 %% [l A1k 2 7T B8 )& LGZGG iR
J7 MASH 1Y 25 509 B2, oA H AT fig 5 800 AMPK/
SIRT1/PPARe i I A7 ¢ o A 55 A AL iy LGZGG
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