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Abstract: Objective To investigate the mechanism of Gexia Zhuyu Decoction in ameliorating metabolic-associated steatohepatitis
(MASH) through modulating energy metabolism and microcirculation. Methods Zebrafish at 8 days post-fertilization (dpf) were
randomly divided into a control group, a model group, a lovastatin (positive drug, 4 ug-mL™") group, and low-, medium-, and high-
concentration groups of Gexia Zhuyu Decoction (20, 50, and 80 pg-mL™"). Except for the control group, a 4% fructose solution was
used to establish a MASH model. The drug solution was changed every 6 h and administered continuously for 72 h. The remaining
feed in the water was observed to determine the feeding status of zebrafish in each group. The survival rate and body length of zebrafish
larvae were observed. HE staining was used to observe the morphology of liver tissue. Oil Red O staining was used to observe the liver
area and lipid deposition. Zebrafish homogenate supernatant was prepared, and ELISA kits were used to detect total cholesterol (TC),
triglycerides (TG), pyruvate, glucose, adenine nucleoside triphosphate (ATP) enzyme, vascular endothelial growth factor (VEGF),

angiopoietin 1 (Ang-1), and Ang-2. The blood flow velocity changes in the tail microvessels were observed and recorded under a
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microcirculation instrument. Western blotting was used to detect the expression levels of silent information regulator 1 (SIRT1), AMP-
activated protein kinase (AMPK), and p-AMPK proteins. Results Compared with the model group, the survival rate of zebrafish in
the Gexia Zhuyu Decoction group showed an upward trend but no significant difference. The body length and body weight of zebrafish
decreased significantly (P <0.05, 0.01). The liver area of zebrafish decreased significantly (P < 0.05, 0.01), the lipid droplets decreased
significantly, the staining was significantly reduced, and the lipid deposition in the liver was reduced. The fatty degeneration and
ballooning degeneration of liver cells were significantly improved. The levels of TC and TG decreased significantly (P < 0.05, 0.01).
The content of pyruvate increased significantly (P < 0.05, 0.01), the content of glucose decreased significantly (P < 0.05, 0.01), the
activity level of ATPase increased significantly (P < 0.05, 0.01), the levels of VEGF and Ang-1 decreased significantly (P <0.05, 0.01),
the level of Ang-2 increased significantly (P < 0.05, 0.01), and the blood flow velocity in various parts of zebrafish increased
significantly (P < 0.05, 0.01). The expression levels of SIRT1, AMPK, and p-AMPK proteins in zebrafish increased significantly (P <
0.05, 0.01). Conclusion
microcirculation and activating the AMPK/SIRT1 signaling pathway, thereby alleviating liver damage caused by MASH.

Gexia Zhuyu Decoction may improve the energy metabolism of MASH zebrafish by improving

Key words: Gexia Zhuyu Decoction; metabolic-associated steatohepatitis; energy metabolism; microcirculation; AMP-activated

protein kinase (AMPK); silent information regulator 1 (SIRT1)

RUTH AR TEAT 2 (MASH) J&—Fh 5 A i
PR FOAR 5 27 6 i 25 DIAH DG IR e - I 7
PE. AU WE BRI SES 5 H RIS,
MASH A3k Ak K9, S In e i 5 R K Pt
B A RS0, 2481, MASH 3677 LA S 77 20
THREE R 2503 T N, B SRRE S 2
B R 2 AH ELAE FH AR PR L7 R-ST, R TE 1S 1
RiaIT R EREE, W NERHIE NG,
BFFEUF S mT 4 AR A g . e eI T,
WA R R AF A, DLARTS 2 565 5 R
FES AR R LO9), BB £ 55 (R 41 5 N 238 IR v P2 A+
oL, FRfREHEEAAL, HMERRRE P, 4 ikiEs
B T W %E, A2 0F 70 MASH KIRALH] 59877 S0 1)
F AR Zh PR A0,

RE ARG T 5 S 1) R A 2 AR O, AT
SEONENE T R AR, T RE, i R R
REAR W 2L A SO, I FIE (45450140, B BE Ak
T A A2 4 45 U I 465 4 R # 45 AR B T RE 1Y)
B, BRGNS AT A 5 UM IE D) REREAS DL KA
TG A D>-161, AMP <58 1) H B (AMPKO
VE AR o 4, BRI L BEE A
BALEE (ACC). 4% Caspase-6 5155 5035 g m A5
5 IR 07191,

AH TS MASH BES SR, BRTIG T IZ %
AR MASH 51 S 1 a2 i A1 e B A B 1)
YERIHLE], AR MASH fAIT L 255%

1 #
1.1 EENEE
DM3000 St B 14455 . ESEN-AW-S1 Bt &1 5%

ARG (R Z AR AR A F)); RM2235 44
WYV AL, YD B G. YD-6L A4 4L
YD-A APHLUL AL YD-B G HL I 4
e at il P yT B A IRA F]D; WD-9423B BAL A2 40
JrHrX. DYCZ-2DN LKA, WD-9405F R4 it ¢
PEIR. I ROCHE RS CAbaioN—4Fk}
FABRAF]D: LT1002E HLF- R CH AT R AL
HIRTHEAFD.
1.2 #Am5EERF

& TR AR EEN: - (B 9g. T
RAE (b)) 6gv "7 6g. PHEZ6g. HH9g. G
H3g. JIIE 6g. BZj6g. HE 9g. 4{£9g. &
B 4.5 g« BA5E 4.5 g, DL EZGM35IE T BRI H R 2y
KEFEMEHE R, &ERITHR R RS
24 IR 00t = T R R 5 8 S Bk Prunus
davidiana (Carr.) Franch.[f) 1. B ikHE
. Trogopterus xanthipes /] T 1 IEE . JI| FxAT
Paeonia veitchii Lynch TR BEBHAYH T
Paeonia suffruticosa Andr.lf]T-/EAR 7 . AFERHEY)
™A Angelica sinensis (Oliv.) Diels I AR . 24 5€
BHEYIZEH R Corydalis yanhusuo W. T. Wang f)T
JRERZE . R EMEY IS Ligusticum chuanxiong
Hort. [ FHRIRZE . JERMEY) 52 Lindera aggregata
( Sims) Kosterm. [f] T 1 il . SR Y H 2
Glycyrrhiza uralensis Fisch. [t TR AR 22 | 25 BHiE
WAL Carthamus tinctorius LT 1AL P EEHE
YIISEL Cyperus rotundus L. TRRZE . Z&/KFHE
YIERRS Citrus aurantium L. T 1RAR AR L,

BAATT BT R T AR A R A



EA8EETH 2025F7H

{;&‘iﬁ‘rﬂﬁ ER Drug Evaluation Research

Vol. 48 No. 7 July 2025 * 1755

A, #t5 L107709); | Ru R RN -5 I L
&tk (SDS-PAGE) LUK PROs L L2 il . BCA
E A ERF & SDS-PAGE. E i L. HHA
[ 72 W . RIPA 2R TRIAKE Gt g h
2L O Jeili (RIEEGERAEVRIEARAF, #5
G2081-15. G2028-15. G2026-200T. G2175-50T.
G6044 0.45.G1101.G2002.G1004.G1001.G1015);
SRR (TC). =Bt (TG (Rt Y T
FERFFERT, L5 A111-2-1. A110-1-1); B St kso%
WG A iR AEMR A IRAR,: A REK
K7 (VEGF) BigHx % 2 W Bl g 7% (ELISA) )
& (MM EDERBE R ARAF, fits
20210824); MEEKE 1 (Ang-1). MEAHE 2
(Ang-2) 7% (£E MyBioSource A, fit's
MBS037768. MBS027332); i iai {5 S5+
(SIRT1) ZwfEdifA (L5 13161-1-A) TWHEE
Proteintech A #]; IR B-WBh&EH (B-actin) 5T
FEHiIR, Alexa Fluor® 488 dric il EPTiR . LEPT
% 1gG 3T (it'5 ab170325. ab150113. ab150077)
It 5 JE[E Abcam A A]; AMPK Hif&. p-AMPK $ifk
(VLI E e AR AR, #HitS AF6423.
AF3423); WERE. #EEeNARE (RiEES
RAEDFARGIRA A, #it5 S0202S.50299S); Ca**,
Mg2*- BRI A% = 1R (ATP) B A6 IR 77 & . Na*,
K*-ATP BEAS I & (st i AR ) L RE A FE BT
L5 A070-6-2. A070-2-2); ATP BEE 146 A7) &
(ft'5 BE-BC-K831-M) 4 H I 35 AE MRl
e AR AT
1.3 SEIEEns)

LR AB R BE S Al AR YR A
IR TS, s P2 el E S SCXK (G 2022-
0003, KfiE. HEPED M3 iE TR T 28 CKIR TG
WAKRGH, 4TI 14 hy HEE 10 h LRSS
W, & HE N R EARUR SRR . i B L
By 101, W HEBE T 4 B B R E A H
BRAR R, d T i m B RORES, T8 2 K
8 100 WA A, M. HEfAMHEIBZITRR, Ut
By, MRIK, WHIEIE. KIS T7 % H
ORI B 2 K= SL s e R Rt (s
2021052701)
2 Rk
2.1 RTERIAKERS &

22 AR UR R ZE T BARI 9 ) 2% IR T 3B 37 K Al

R0, KRR A A 10 52 R/KIRI 60 min, R
B2k BRIR 2h, 2 HE 2R & . HPLC
Rl &5 RN, B R ERA R AR A R
BIRE KT 0.25 mgmL™", FIEERRERE KT
0.22 mg-mL",

22 BRTERARKMZRENE

BEMLIEEL 5 dpf BE %t 300 B, & 3d
JE BN IR R IERSA A R R EERE (0. 204 50,
80+ 100, 120 pgmL™") 41, &4 50 B, & 6 /NS
WA, LSRG 72h, AR T AL M
MORLERL, RER 3R, bEEZE, RET R
ASEESTCREA,  LRAUEDE I 8 ) AR AF R K 2% A
MEGHAEIEIE O WIAE IS
23 WS&REEN RE

X 8 dpf BE Lt BEATL S Ayt EZH | AL
AT (BHM:ZY, 4 pgmL™") ARG FIERZ
K. . EFEKE (20, 50, 80 ug-mL™') 4,
B REZH AL, A8 4% BE 1) S BV V2 7. MASH
REAYN, Sof i 2 MR B 1 e I ORIORL TR, A
HIIN 4%FHE, SHZHMN 4%FHE LA R
JREIREE 250 B 6 /NI B e il 24, I SR4h
245 72 h,

24 WIEHERTSUERFEIEEN=

MK T Hh B B DRk DA ) Wy 45 2H 5 1 4 gk
O WEEPE D g A7 GG O, IR AR
Ko BUERE, H =R FEIERIRTES AP M
%1 3 min, KH Image J HAFTERAEE X HE L
4yt AR AT =
25 WSayaREBEVIRRAKRE-FL (HE) 3
.m0 RE

o BRI I BT ) 8 ) #0047 o PR R
K. ARG, BIiE AR AL, KL A
A EHVI A HENE 4 um ERHLRY) A, I
HATEE R B e, RIS . KA. Guf, i
IKAIE S50 BRIEAT HE Geth.

X} 4y 28 3 [EAE R [ o el A B, I H A gk
MREh 2l (PBS) WEWk)E, fEN ZRErh b THAfE
BiE, HEYMET 0.5%M4 O Wb s Y,
A B DL R SR a2 vl (PBS) B0 Beik.
Pt 4 AR AFAE 80% I Il o BEALIEEL 20~30
o, FEREUE R LS I T 17 2 P 1
TCFAAR, [ Image J HC1F I & 2541 5E 5 £ AT
T



* 1756 FA8EFTH 2025578

A BTSN Drug Evaluation Research

Vol. 48 No. 7 July 2025

2.6 FmEE

R B DE S a4 30 2%, F#E5 T 0.05%
(1 =R RV RALTE, WK 4o H 2R 7K T
MR, RE (g A (b)) =1:91
L, BN 9 AR TEK B, VKKIB&AET,
FI R A R HLIEAT 203K, B0 10 min, i E 10%
I213% W
2.7 BTHRFEAREN

B ot 4y 0 A0 2 5] ¢ I, #% 8 ELISA A4
7)1 BH AR R it i N FLASASE N, o %2
BTt 4htas)3 BIEW TC. TG & BT E .
2.8 BEERFIEIREN

Bt St g 5008 BIEW, &R S Ui 4
BEATERAE, RTINS L BE T 0 (W N R R 6 4 0 DA B
ATP F &5 .
2.9 RIBEERREN

HUBE Sy 4 fa 5198 BIEW, 3% ELISA &
D5 R &4 VEGE. Ang-1. Ang-2 /K-F. ¥2%
24 h (BTt 4y 0 5CE T = R R RRE 3 min,
B TGO LS I % R 0 A il A 1 1
T E AR
2.10 Western blotting 1N EBRIAE

i F RIPA ZA00RTER 75 B R VR A R I BE 1
gt RS EREUEE T, R BCA VA B Ak
B, AUFEARE 2RI E AR IR . R EA
FEdh, HE4T SDS-PAGE HLIk 7 B . Ko B IR
F# R 2] PVDF B b, JEHATE A, —H = Huim
H, A ECL AT RIAI, )5
Image J B Fr il A RIS & .
2,11 GtESH

RiFH SPSS 16.0 Giit #AF#EAT it 504, it

BREILAX £ s RIR, Z AR LBCR I BIN &= T7 25
. BE— DR R SR ] LSD- 4256, K i6 /K v
a=0.05, YEEIH Graphpad prism K {4 .
3 #R
3.1 BRTERARHRETHE
RN IZ997 R 0~80 pg'mL i, JE
TRMMGIEAN 0; FEFTEIKE Y 100 pg-mL i,
PG EICTFRN 0, WIEFRN 12%; HFTRIREN
120 pg-mL ' 5, FETZZ0N 20%, BT A 30%, &
B IRFETE 100 pg-mL ™ B, B R AL T,
{HH B, #EHE 20, 50, 80 pg-mL ™ {E N JE 4L
LR LR A BTEIRE . RN 1.
#z1 TRBAREREINDED &I TR E NS0
Table 1 Effects of different concentrations of drug

administration on mortality and deformity rates in

zebrafish
BB/ (ug mLh L% (% W T 2/%

0 0 0
20 0 0
50 0 0

80 0 0
100 0 12
120 20 30

32 HMOEHFERERER—RLAERER

W2 7K Hh Ak B 0 DRk LS 5 2H B 1 e g
BN, SALHEER. 5RER (F2), 5
HRAAAHEL, AT BT T 0 Gt A7 R R R,
EFRE SN (P<0.01); SHEMAML, BH
BIHHAAFE R R EFHESETHEER, ARKA
A4 5B R A (P<<0.05. 0.01), SR N i
REAE B BRAR 4 A T

*2 JERDIBYHBFEER. K. FREEE (X s, n=20)
Table 2 Comparison of survival rate, body length and body weight of zebrafish larvae in each group ( X s, n=20)

251 5/ (ug ML) TG /% A /mm i B /mg
Xof HEt — 81.7£7.5 4.4140.07 3.681+0.07
FETY — 75.0+5.5 6.11+0.41% 4.20+0.46"
AT 4 81.7+7.5 4.45+0.04™ 3.83+0.05™
& T 1295817 20 76.7+£7.5 5.74+0.07" 4.02+0.07"
50 783+75 5.75+0.11" 4.03+0.06"
80 80.0+6.3 4.4440.04™ 3.78+£0.08"
i #P<0.01; HEEBANE: "P<0.05 *P<0.01.

#P <0.01 vs control group;

"P<0.05 ""P<0.01 vs model group.
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x4t "P<0.01; SEMAIKE: "P<0.05 “P<001.
#P <0.01 vs control group; "P<0.05 P <0.01 vs model group.

1 SEMSEMHLIRE (X L5, n=20)
Fig.1 Oil red staining of zebrafish in each group ( X *s, n=20)
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2 HEHMDERFIERIEYI A HE 28
Fig.2 HE staining of pathological sections of zebrafish liver
£3 KBEBDE TC. TG KELLE (X £s, n=30)
Table 3 Comparison of TC and TG levels of zebrafish in each group ( X s, n=30)

415 FlE/(ug ML TC/(mmol g ') TG/(mmol g")
Xt B — 0.011 020.000 3 0.037 0£0.000 5
it — 0.017 0£0.000 2 0.065 00.000 3#
AT 4 0.011 0£0.000 2** 0.038 040.000 5™
& T & 5757 20 0.016 040.000 3* 0.064 0£0.000 3"
50 0.016 0£0.000 4 0.064 0£0.000 2*
80 0.012 0£0.000 4™ 0.038 0+0.000 5™

XA #P<0.01; SEMALLE: "P<0.05 “P<0.0l.
#P <0.01 vs control group; "P<0.05 P <0.01 vs model group.

F4 WNDSEHERER. FEEIELER (X £5, n=30)

Table 4 Comparison of pyruvate and glucose contents in juvenile zebrafish ( X +s, n=30)

20 ) 7l &/(ug mL™) T EAER/(mmol g ') 1% B /(mmol g!)
Xt iR — 29.1540.03 1.05+0.07
it — 17.72+0.44" 2.3340.06%
AT 4 28.64+0.61" 1.084+0.02"*
& N iZ9 % 20 18.53+0.40 2.26+0.04
50 18.6140.34" 2.2540.03"
80 27.72+0.80™ 1.09+0.03*

HXTRALEE: #P<0.01; SRAHELLE: "P<0.05 "P<0.01,
#P <0.01 vs control group; “P<0.05 ""P<0.01 vs model group.



EA8EETH 2025F7H

{;qu&‘,m‘{ ER Drug Evaluation Research

Vol. 48 No. 7 July 2025 * 1759

x5 JEWDE LEFERATPESESN (X £5, n=30)
Table 5 Activity of ATPase in zebrafish supernatant of each group ( X *s, n=30)

45 FIE/(ug mL™Y)  Ca2-Mg2-ATPH§/(U-mg™?)  Na™-K-ATPEES /1/(Umg™)  RATPEHE /1/(U mg™)
xif R — 1.8840.04 1.484+0.04 1.6540.08
it — 1.2540.04% 1.0940.05% 0.74+0.04%
AT 4 1.83+0.03* 1.4440.04™ 1.61+0.03*
[EResisT) 20 1.28+0.05 1.12+0.03 0.81£0.01°
50 1.3340.03" 1.1740.02 0.82+0.01°
80 1.7240.06™ 1.4640.05* 1.4340.03*

XML #P<0.01; SHAMALLE: "P<0.05 "P<0.01,
#P <0.01 vs control group; “P<0.05 P <0.01 vs model group.

*6 HBEWDE VEGF. Ang-1. Ang-2 € (X x5, n=30)
Table 6 Levels of VEGF, Ang-1 and Ang-2 in zebrafish in each group ( X *s, n=30)

2H ) FE/(ug mL™) VEGF/(mmol g7) Ang-1/(mmol g7') Ang-2/(mmol g")
xif — 2.26+0.05 0.021+0.001 0.097+0.004
iRt — 3.26+0.05% 0.040+0.001% 0.035+0.001%
EARAYT 4 2.36+0.10" 0.023+0.001** 0.092+0.007**
& T 1Z 587 20 3.16+0.03 0.038+0.001* 0.039+0.001

50 3.1340.04" 0.037+0.001" 0.042+0.001"
80 2.4440.05* 0.023+0.001** 0.089+0.005*

XA #P<0.01; SHMALLR: "P<0.05 "P<0.01,
#P <0.01 vs control group; "P<0.05 P <0.01 vs model group.

R7 FEARDEHEE TP OKRFREK. BRINRIKFIRDERBKILITEE (X L5, n=30)
Table 7 Blood flow velocity of DA, CA, CV and PCYV of juvenile zebrafish in each group ( X s, n=30)

I /(mm 571

5 x| = -1

A MR/pg mL Sk O WO T 5 L ik

xif — 0.90+0.02 0.34+0.03 0.22+0.03 0.63+0.03
iRt — 0.41+£0.03# 0.17+0.03%* 0.11£0.02# 0.24+0.02"
EARARTT 4 0.86+0.03" 0.32+0.02" 0.20+0.02" 0.58+0.02"

& T &9 i% 20 0.48+0.05" 0.2140.03 0.1240.02 0.261+0.03
50 0.48+0.06" 0.2240.07* 0.1240.01 0.284+0.01*
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