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Mechanism of Gexia zhuyu decoction in the intervention of metabolic-associated fatty liver disease by
inhibiting ferroptosis

ZHAO Yugiang', WANG Ziyou', LI Angi',ZHAO Peiran', WANG Rui*, YANG Jing' (1. School of Basic Medical
Sciences, Heilongjiang University of Traditional Chinese Medicine, Harbin 150040, China; 2. School of
Pharmacy, Heilongjiang University of Traditional Chinese Medicine, Harbin 150040, China)

ABSTRACT OBJECTIVE To explore the potential mechanism of action of Gexia zhuyu decoction in the intervention of
metabolic-associated fatty liver disease (MAFLD) based on ferroptosis. METHODS With the help of network pharmacology, the
central targets of Gexia zhuyu decoction intervening in ferroptosis of MAFLD were screened, then gene ontology, Kyoto
Encyclopedia Gene and Genomes enrichment analysis and molecular docking were performed. Juvenile zebrafish with normal
development at 3 d post-fertilization were randomly divided into control group, model group (5 mmol/L thioacetamide) ,
magnesium isoglycyrrhizinate group (positive control, 5 mg/mL) , and Gexia zhuyu decoction low- , medium- and high-
concentration groups (20, 40, 80 wg/mL, calculated by crude drugs). After cultured for 72 h, the contents of alanine transaminase
(ALT) , aspartate transaminase (AST) , total cholesterol (TC) , triglyceride (TG) , malondialdehyde (MDA) , superoxide
dismutase (SOD), glutathione (GSH), reactive oxygen species (ROS) and Fe* were determined; the cellular structure of the liver
tissues and hepatic steatosis were observed; the protein expression of silence information regulator 1 (SIRT1), nuclear factor-
erythroid 2-related factor 2 (Nrf2) and glutathione peroxidase 4 (GPX4) were detected. RESULTS The central targets of potential
active ingredients of Gexia zhuyu decoction that act on ferroptosis in MAFLD included tumor proteins p53, SIRT1, Nrf2, etc

which were enriched in biological processes such as positive/negative regulation of RNA polymerase Il promoter transcription,
cellular components such as nucleus and cytoplasm, molecular functions such as protein binding, as well as signaling pathways

such as ferroptosis and the cancer pathway, and they might be
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tightly linked to the main active ingredients. Compared with

model group, the contents of ALT, AST, TC, TG, MDA,
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were increased significantly (P<<0.05) ; the pathological damage of liver tissue cells had improved, and the accumulation of liver
lipids had decreased. The protein expressions of SIRT1, Nrf2 and GPX4 had been significantly upregulated (P<<0.05).

CONCLUSIONS Gexia zhuyu decoction can regulate lipid metabolism, improve the level of oxidative stress, maintain Fe*

homeostasis, and inhibit the process of ferroptosis in juvenile zebrafish with MAFLD, and the above effects may be related to the

activation of the SIRT1/Nrf2/GPX4 axis.

KEYWORDS Gexia zhuyu decoction; metabolic-associated fatty liver disease; ferroptosis; SIRT1/Nrf2/GPX4 axis; network
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(AT IRBE I |« F O M 40 A SE T ) A 1L, Bk B
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T= A] BE W W 2K R ¥R 97 MAFLD A9 8 R s . 28 BE H ik
(glutathione, GSH ) 4R T iR 42 Y4 [+ 2 — , ik
JERM RN B v R A 2 GSHAU AL RSE 1)
WEPEY, P28 %07 T RESZ I MAFLD B AL T- ik .
GO UEIX — B , A5 BT 0 4% 24 Bl RN B L 11 S0 DA
BRICT M EEIRSE T IR T B 5%+ 1 MAFLD f/E L
il , B 7 i I RYA T T SR AT L
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L1 EFEUHF

AT B B AL A Multiskan SkyHigh #Y 4
K MifFFRAY (3£ [ Thermo Fisher Scientific 23 ) ) , DM3000
ARG WA\ RM2235 ALA IS FEY) 5 HL (T2 1E] Leica
A H]) , WD-9423B #I4k~4 K563 BT \DYCZ-2DN AU H
VKA \WD-9405F i (45 IR (JL 5 S — A Rk A FR A
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RS SV W TR R e = I Y R - A
ARG NS AP RAT (52 A AR AR
R, LIR30 B BRI R 2 R — MR
B2 b, 2 BB R VT B 2R 2 2 2 B h 25 SR IR AU &
S R B A e 4 B

SH R TR S 20211101204, HLRS 10 mL:
50 mg ( Lk CHuoMgOus 1)1 [ 1FE KK 24 Ml 48 1A I oy
PR\ 5 T e SRR BN - 2R PN A TR e B I L Uk (SDS-
PAGE) ¥ . TR % [ 2% vh g . BCA £ 11 & 1 i 7 &
SDS-PAGE &EH¢ 2R (i 98l £ ML 2 4151 5 W RIPA 2L
W IR ARG Y LYW LD O L (k553 1 A
G2081-15, G2028-15, G2026-200T , G2175-50T , G6044-
0.45.G1101,G2002,G1004,G1001,G1015) ¥l [ 57X
FRAR A PR B w5 S IR TR S B 5 A 1 (si-
lence information regulator 1, SIRT1) £ 7¢ [ HU A (41t =
13161-1-A) I [ 5% [ Proteintech 23 7 ; FRIFAZ % 5% [H 1
21 2 2 15 [ F 2 (nuclear factor-erythroid 2-related fac-
tor 2, Nrf2) H. g FEHUAAR | BUR 2 e H IR A0 P il 4
(glutathione peroxidase 4, GPX4) 51 5g BT A (L5435
M s¢-365949 . sc-166570) ¥4 [ 3 [E SantaCruz 2 7] ; fil
T8 B-WL3h 3 B v e T A AN Alexa Fluor® 488 #1ic Ad 1L
FPURL LY 1gG ZHt (A5 43 51y ab170325,
ab150113,ab150077) 320 FH 4 [ Abcam 23 ] 5 & JEL [ i
(total cholesterol, TC) . H il = (triglyceride, TG ) , K4
Z R % % 1§ (aspartate transaminase, AST) \ TN & R % &
fiif (alanine transaminase, ALT) . P — ¥ (malondialde-
hyde, MDA ) . 7ifi % (reactive oxygen species, ROS) . #
H ALY 15 AL 1 (superoxide dismutase, SOD) .GSH ., 414!
AN £ (L5500 A111-2-1 . A110-1-1,C010-2-
1, C009-3-1, E004-1-1, A003-1-2, A001-3-2, A005-1-2
A039-2-1) ¥y FI i ut gt AR W) T ARBIE G 5 AR 2 Bk
1% (thioacetamide, TAA ; #t 5 B65934) M [ |- 1 5 A 4=
YR ATBR A A B DA 3G 57 W (B 4 LK 553k 1.33
g RIREEM 0.4 g WL WE 1.5 mL) W H 250 4= Wl
HARAH],
1.3 SRIEh¥

S FHBE S 0 R fd B AB 2 BF A= RUBE T £ e i 45
W AU R R A R I [ A
AJHIES SCXK (#7)2022-0003], Jif A Bt £ 4 T~ 28 °C
fEIE G (14 h)/WE (10 W) JEFRZ&AF T & PR SR 14 .
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HETR UL 127 WP AE TG P A3 [T, LA 20 7 245 24
RS ], 7E T RN ) A A DG SCER A T AR R o
PEAS B AT AE 1 TE LS5 A PubChem B85 12 , 21145 A%
T A EE R FEORAT N “smiles” 45 2 5 B iR A& SO
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TP B3 0 17 A (1 030 4> ) RS A 1y 5 JELI (&1 ) ]
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SE TG 7R [ (signal transducer and activator of transcrip-
tion 3, STAT3) . SIRT1 . 4 40 Jiu /- 25 1B (interleukin-1pB,
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2.2.2 RN EHN T IO EE R E

PG, P AT . AT IERMZHG3
d(3 days post fertilization, 3 dpf) FBRE S a4 fh, & F 6 fL
Hrh, BEBIL 3 Ry AN ) Jo e i 24 W 4 (g1 Joa e VAR 30
20, WSS SR, FEFLAINA 0~400 we/mL 18 T 32555
V25U 6 mL, T 28.5 °CHEFRAR G 5%, 1% 24 h T4 1
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REGROIE SRS EAET- G, B55% 72 hm , WEHF 45
TS gt i AETE TR I, 2 I BOE I 2R

SR8 3) SR, B 25 R 08 R 1 T, B ) £
WFET T 2 A — 0 VR B AU 35 IR T 28
7 KR AEBIE IR K 100 wg/mL , {HiZ5 & 7] S 84)
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pg/mL NG B TR SRS

100
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24 R/ (pg/mL)

B3 AERERERTERAEATHRIEHENH
14 F2

2.2.3 e R 5
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M4 A X AL (con 4 ) MEFUL (mod 41 ) 5+ H s iREE 4L
(PFHPEXTRE 5 mg/mL) MG 2587 A% | i vk
2H (20,40 .80 pg/mL). con &L /i ABE A F#9 6 mL,
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FVER, T IED6 mL, #4525 41 A TAA 3 mL I 5
R 3 mL, A ALBE D fa &y fa d47E 28 °ClH iR
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R HARIZE R G STk ™
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SOD .GSH .ROS 7 546

F5£42.2.37 WU F Ik oy 40 (RR41 20 2% ) (T AL 252
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Jei A TG K ZE 300 WL 2138, Fe AR 57 & 1 W 5 45
Vi, LG bR ASCKS: I H: 44 P ALT, AST . TC, TG . MDA .
SOD.GSH.ROS % # . LI HE L x+s Fm ., R H
SPSS 25.0 B HEAT G140 BT, Z2 4 1] LR FH B 3R
T3 255301, 1 — 25 W 4 LU 55 R FH SNK - 65 36 (F6: 36 7K 1
a=0.05, 1 R IR .

gEL (R D BN, 5 con 4 L, mod 4 3 5 4y £
A& ALT .AST.TC.TG MDA .ROS & ¥4 i & TH 5,
SOD . GSH % =4 i} 2 P Ik (P<<0.05) ; 5 mod 41 1 4%,
5 24 41 B 5 £ gy {0 R Y ALT \AST ., TC . TG .MDA .
ROS 7 H # [ # [# %, SOD . GSH & & 1 & % T &
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K1 RBTFZERAITMAFLD #HEIBI D fa 4h & A L IEFRMI M (x £ 5,n=20)

4151 ALT/(UL) ASTI(UL) TC/(mol/mg) TG/(mmol/mg) MDA/(mmol/mg) SOD/(U/mg) GSH/(wmol/mg) ROS

confl 652566378 320040392 24740060 00520002 03920019 26.309+0.601 23,505+ 1301 334340054
mod4l 137594 £7.189° 7653£0316° 2941 £0.000° 0.083£0.001° 0.860£0.032 128824 0.631° 15.50040.714* 674640214
FHTEmEL 81671420440 381410262 239910029 0065 0,004 05760024 2.677+0910° 21436:+0.740° 47440434
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BT EIRA AR IR 90.534£2.554° 583510514 2302£0070° 0057£0.007 0.666£0.031° 4TS 20,091 £0358" 524740067
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