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Abstract

Objective: To observe the effect of Zhuangan Zhuyu Decoction on the expression of miR-137, FaslL,
and ACSL4 in rats with hepatic fibrosis. Methods: A normal control group was established. A rat
model of hepatic fibrosis was induced using carbon tetrachloride (CCls). After successful model es-
tablishment, the rats were divided into two groups: a model group and a Chinese herbal medicine
group, with 10 rats in each group. The Chinese herbal medicine group was administered Zhuangan
Zhuyu Decoction by gavage, while the normal control group and the model group received an equal
volume of normal saline by gavage. The expression of miR-137 in the three groups was detected by
qPCR. miRNA sequencing was performed to analyze whether miR-137 was a differentially expressed
miRNA between the model group and the Chinese herbal medicine group. The expression levels of
FasL and ACSL4 in the three groups were detected by Western blot. HE staining was used to observe
the liver pathology of rats in the three groups. The aim was to clarify the effect of Zhuangan Zhuyu
Decoction on the expression of miR-137, FasL and ACSL4 in rats with hepatic fibrosis. Results: The
expression level of miR-137 in the model group was significantly lower than that in the normal con-
trol group (P < 0.05), while the miR-137 level in the Chinese herbal medicine group was significantly
higher than that in the model group (P < 0.05). miRNA sequencing further revealed that, compared
with the model group, the Chinese herbal medicine group exhibited a significantly higher expres-
sion of miR-137 (P < 0.05).The expression levels of FasL and ACSL4 in the model group were signif-
icantly higher than those in the normal control group (P < 0.05), whereas their levels in the Chinese
herbal medicine group were significantly lower than those in the model group (P < 0.05).HE staining
showed that, compared with the normal control group, the model group showed significantly dis-
rupted hepatic lobule structure, disorganized arrangement of hepatocytes, extensive hepatocyte
steatosis with lipid droplet vacuoles visible in the cytoplasm, and ballooning degeneration in some
hepatocytes. Scattered spotty necrosis and bridging necrosis were observed, with abundant infil-
tration of lymphocytes and fibroblasts in the necrotic areas and portal areas. Compared with the
model group, the Chinese herbal medicine group showed significantly alleviated disruption of he-
patic lobule structure, reduced hepatocyte steatosis and ballooning degeneration, and rare spotty
necrosis. Lymphocyte and fibroblast infiltration in the portal areas and lobules was markedly re-
duced, and fibrous tissue proliferation was significantly inhibited. Conclusions: Zhuanggan Zhuyu
Decoction can upregulate the expression of miR-137, inhibit the levels of FasL and ACSL4, and sig-
nificantly alleviate tissue damage and inflammatory fibrosis in liver fibrosis.
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Y M AR O FEDTRR (1] B AT RIPTAF 4Et i T AR RR, TR 25 R 2 80 il Zamk iR, 18
F-FRI LT 4407 T R L s 7. s RNA (miRNA)TE 2T 2540 (96 Bk RE rh Py 3 45 S B 4 £ 10
Hor, miR-137 T IIESEPE 2 FioBedi h B PL R AT 4 A VE T, JLAE P4 i 2 20 i Rk B35 M,
HEBHMARTGHIC2]. 2R1, miR-137 ERFLF4tb kAR R RAEEE, AL S T
FUT SRS JRIET BRI R &R, AT AT 2 . 4H MR TR BR AT 1 2 J A A 473 A0 41 4 A2 e 1)
PN Z WL . Fas BCAA(FasL) A2 A0 T2 52 A48 B R O BT A4, L3 10 200 B T P40 % o 2 1) B 22 1
K[3]. [N, BEIEHIEE A & B EE SR 5L 4 (ACSLA) R ZIET- i AT, Huald itk & 2 A
UG 7 R 1A e A et SE Ak, BREDRIET R[4, ACSL4 78 AR TE RS i B 1 P95 (NAFLD) 8 HFAE o R3E T
B[S [6]o RTHIRE T AL SO T BT AT LSS AT 2T A0 B0 710 SRT, HEFTIZ R B 75 R AT 2T 4
fk miR-137. FasL. ACSL4 [JRIE, MM FikiE. Kk, AHF50E EF S (CCL) 7 5 1 AT 474
R B, RGEPPAleH HFIZ B 1) T PR, FEE BN miR-137. FasL J2 ACSL4 ik 520 o

1.1. SCIRYER

AW FEHTF E S IG S RS . FEENH KA (PR 5. PIO1S, bR ERVEMIRME A RA R HH
WA (T : ZK-0046936, iFEAVRH AR AR). KEMEE UM (PCR)IX (TS : 186-1096, 1H
SRAEATER i RIEA TR AR WELEMBE(S: TONRERE R AR A TR A A,

1.2. EBAHZSR

RZW. B0 MRCT AL, B L, D8, 25, miK, RiE. DER, KH, HhEkm,
W H L KERR T 0 ST RS 2 A IR A F

Anti-ACSL4 Antibody RFTA R, Z MG S RHA92301) Hi%E AntibodySystem A F], Anti-
FasL Antibody %Pt K B, 2 70 FEPUAEL S PL0302884)I F PL Laboratories 23 @, £ 1% —Pr(dit5 C0153)
4 1 3£ [E] Jackson 2~ #], Invitrogen™ Trizol™ (FEER K H/RBIH AR AR, 85 : 15596017).

1.3. SEIEEh

SEAG AR B R 30 K 8 RS HENE SD K REELSR), HHE (20045 + 6.14)g, 14 H G HIE "
FIESLREMA TR AT, A= VFafiES A SCXK(H)2021-0002. 1AFRFIFHFHEEE (50 £ 10)%, i%FQ24 +
DC, A MA2 W12 hy. SLRHFUES AR EG R FREE NS FH (RS GXTCMU-EC
HS20260116-03).

2. 5k
2.1. 4R &R, SE5TFM

BFFAF A R R [8]: BN SD KRIEMNMMFE 1 G, FFaEH T A 4efbiG i, 4 D &4
(CCly) S WML ARFAL 2:3 TR G, 780 HR G L il i 40% ) CCL-HINE I VA - JE AT, %08 3 mL/kg
R 7R E, TR BRUG IEEEAT IR T G, B I S A P ARV B SRR AL o VRS A 2 WK,
PRIREST ARG 2/ 72 /NG, REGERE 4 J8 . B A 3 HFRE R RV 1 IR, AR 7 14 3 1 v o
Pk

BSIR KR 30 HBENL NIEF (10 H)FFAF4Efb 2020 R, BFAF4EA 2R B 6 7 ik My e i,
1E 5 4R FH S A B AR CCL- MM i A VAR I v 5, SRR TN, P 4EALZH.(20 FO)BEHL 2 s
RIZH(10 H). FZg2H0 H).
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Hil A E R BT RZHW 30g. A5 20g. MIRE T 15g. W& 15g. &fff10g. H-E5g. A
15g. %2 20g. FH20g. LM 20g. EREK 15g. BH 30g. Hhldu 15g, it 10 g, /KIEE 15 g)/K Al
7, EIRHZGH0 2000 ml 246 KRN 30 min, FKEEHEE SCKATE 30 min, AR NE: 2590 1000 ml
FHRBLE 20 min, AHPIRIER, 60 CIUEKRYE R ALK | g/mL. BURSEMHR 10 mL H T E15250 E (L
TTREEE), HE% 28.5%. KM HPLC W5E, #IREGZIRAEE A BRS) 2.15mg, &SI EE
e R FRIECL.8 mg/mL). #Hl4 T2V RSD < 5%. #7035 T 4 CIRAF, 7 BN 5eEE.

HHZGHTEIEBESE HS 12 h FFAA LA 10.8 g/kg MM B BK BRI 24T 60 kg MO PR H A& 6.3
%) BRI 10 mL/kg, HH 1K, IEWHAMBERAL TEEREFIKES, B804,

2.2. B Fn4bTE

K 3% 3G FEZ AN BRI R B B R K AR SE, B Je AT T i, SRR T, ORAF S ik,
PTG BRI 73 A o

2.3. Western Blot ¥l FasL.. ACSL4 ZEAMTRIZ

o, KIS B 0 SR A AT S R A B LA IS B 1, R BCA & SR il e Rk
BEJ5, % SDS-RINMEBIER, HEEROEARS FRESMBRE JGEMAVEIEA B, R R 2k
JREALTE AT LUK B . HIUKES RS, B U — S S IE(PVDF), 2 HRBHAR 2 I8 7 [ F S8 4R e
PVDF i 2 53— JZ IR AR IR B TR T Fe e B, FEARAL 254 T 58 R R B o 2 ES IIBER A 5% (wiv)
B HE kB ] 1 /NI . 2205, KRR BINR NF% 1:2000 ELBIFGFE FasL 58 ACSL4 —HL TYEMH, T 4°C
TER. KH, HH TBST ZrfRiEveiE =k, #5 1:5000 FRH Zhire =i N LR E 1 /.
FER RSB (IR G, KR e AR NI 5 A Ak 2 RO RI(ECL)R G OB 1 /NeE . e, R A2
RICHG RAE AT CRERG, i3 EALNEND Image J AT KEME M, UHNEASKNS
GAPDH K B LA AE Ny HAB R R IE K

2.4. qPCR #&l miR-137 3Ri&

BT AL R B HA R E R 1Y, FPFIRHIEIC S T35 1. % B8R ik qPCR A7 & 148 S it
BRI Y R R . BHAARDERN: S8 10 uL 1892 x TR/ BC 2 BRI &-FL A, T R FL 23 S n e
0.4 uL IEM 5%, 0.4 L K[F1514). 0.4 uL ROX S th gk} & 8.2 uL DEPC AbBE/K AL TR A, &
A 1 pL cDNA #iR. 3 RBAARIHE RO G, HIHREE PCR AN AT RIEIR . PEH K45 E
N ESAE 95°C FYERF 30 B LLBUE KA k(e 95 CARE 5 P, 60°Cal kI 4EfH 30 BPHIZ& M FIEFR
45 K, WUGEAD IR G RE, RV R E I Ct H. N SEBEUE, 15 ACt = HirkH
CtfH — WSEA CtfH, HEMmvHE HARX RIAKF .

Table 1. Primer sequence and amplification product size

1. SMIFFIRAT RN

£ FIFHI(5-37) P KN bp
miR-137 3 CAAGGCTTGTTAACACTGTACA 22
N TCTGTCAATGTCTGAATAAAGT 22
u6 L3 CGCTTCGGCAGCACATATAC 20
Tif TTCACGAATTTGCGTGTCAT 20
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PR, "R

2.5. ERE 5hZ54AR9 miRNA 5347

RIRFT miR-137 LEPIALIBI I RIE E R, 0 B AN A 25 20 A S BE LR 3 HORRR 4L, K
F TRIzol iESMPIEFEA S RNA, SR RNA LBR)E, RFEFE R cDNA HE I FSCRE . XA
) RNA #EA, FIFH Tlumina 1 6 58 BRI o BT 1S R 46 52 BY 4R FastQC 3445 4 I 2 BRI 2 5k )5
5525 R 4T 8 U HE7ERE miRNA. LA log2FC Z65%HE > 1 MR IE[) P < 0.05 sk IARHE[9],
fifi i 25 SR IA M) miRNA, PAMEE miR-137 & 2R . Hh 252 ) 25 57 R IK /) miRNA.
2.6. HE ¥t

PR 2 oA s e, SRIEEAT U, B DR TN F 2R TR B, D) R O B R P L R
RIS Bl SRIG FHZRIKIRYE 2 Wk, BRIR 2 4381, VIR AN TRAKG G rh et Bl 3R T K 38
A
2.7. G4

KH SPSS25.0 A, tHEVIRIFHRIAT T EFEMIES ML, M7 EAFHARES AR,
PAVY 437 [l BE sk A A Bk s, PIAZ A U K5, MIES A, HyZE5ent, U + frfEERR,
W2 B A6, A2 ERANT EZ9H, "ML ERA R IES 2, P<0.05K, ZRE40H%

3. R
3.1. qPCR &M &4H miR-137 FTiA K% miRNA S Hr

qPCR A o, A AYZH ) miR-137 MK T IEH 4L(P <0.05), FFZ541 miR-137 & T HAI41(P <0.05),
L 1(A); miRNA 7 E7R: PAlog2FC Z65%4{H > 1 AIAZIER] P < 0.05 AT FriE, miR-137 kA
PERHHMETIER, SHEAHML, P4 miR-137 H TP < 0.05), WE 1(B). K 1(C).

A aPCR B %07 C Down @ Not sig Up
o
P — I
30 - I
0s{ =] 251 I
3 1 9 = I 1
X 3 S
: I p 8 I
x & Homis & 20- |
® T S : L
047 ~ 01 s o n
5 g2 <l I
«© T o g
& - 10 I
4 L I
£ 02 25 |\
0 o *&(ﬁ*ﬁ = 2 SMiR-137 ~
T T T T 1 T T
0.0 T T T 25 0 25 50 75 -10 0 10
IERA [UEtE] g4 PC1 (37.8%) Log, (Fold Change)

7E: A: qPCR G4 miR-137 RiE; B: PCA K, " 2441(4 &) S5HA A S BB EERR, WA 2 [Al4F
R D KILE, SHRAGME, FZHKN miRNA WFSAE, EEREESZR TN miRNA, 426RAR
HZ5 EFEK miRNA; ***. P<0.001.

Figure 1. qPCR detected miR-137 expression in each group and conducted miRNA sequencing analysis
& 1. qPCR 3 &4B miR-137 F23A K miRNA JUEF 4

3.2. Western Blot #l] FasL.. ACSL4 ZEAKNFTIA

Western Blot f il {27~ : #8141 Fasl, ACSL4 =T IEH#4(P<0.05), H1Z44H % FasL. ACSL4 fX T
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A E

BRI (P <0.05), WEI2(A). Kl 2(B).

A B Western Blot
Western Blot .
Fasl s amm— w— | 32kDa
—_— 79 kDa O w4l
ACSL4 — — MR
LT

B-actin |esms emw e | 42kDa
AL Bl R4

Fasl ACSL4

VE: A: FasL. ACSL4 E FENZE[E; B: FasL. ACSL4 25 115 N SAH LL AR N 204 1 L 1]
#xk, P <0.001.

Figure 2. Expression of FasL and ACSL4 proteins in each group
2. &4 FasL. ACSL4 ERMEIL

3.3. HE B E S HARPEETKL

HIEFHAMIL, BRHN HE Gt BRI/ 25 B B ain, FranfaHEslZal, Fraap iz g
P, B2 AT AR S, SR RN 2 ARERFEAR . ] DUECEE I SR IR AE B R BE,  SRBEIX LA
DX AT LR S bk C A PR R A 4 i IR . SR AR L, 2 N SRR R B B R, A
JHO i A P RS ERFE AR I D, sSHDIRIRBE A WL o Y78 X R /NI P bR B2 400 L R ol 2T 44 40 P 9 3 B S 9 2
YA AR BN, WK 3.

e fmA gt

VE: 200 55T

Figure 3. HE staining images of liver tissue of rats in each group

3. BREAXFABLALRH HE RB[E

4. Wig

JFF L AL A ST 3 WP 2 —, TRATRE SRS M, IFLF-4eqb 5 PR L 3 DIAR %, T JFF
T B 5 A SR s A5 O R 5 7R . B RTVA T RO IR, ELIFF AR 4Rt RO LRI S 2, 7 I % Pl
FR2 TR {25 2 R (05 TLAE R, TR B ) R R T A TS R 1.

HFAFAEAAE RS “ARTE” HERiims, TR 5 K . S BT SE H A2 i i, I RZ
TR 25 ALRI10T R R ZHAME L, A 2405, MR T B ITI, A3, Q. k. waemn
WAL EAUERARE, TEIE, -G, Ml BT LB . A SRR T ALK RS, SR

s
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HAFZF AT, RGPS 1O FFZH A miR-137. FasL K ACSL4 223 B4 P K 0 P 3 27
BRI, 45 RN, BRA K RATIES miR-137 FIBE T EH A, MH2541 miR-137 Fism TR
#H, IFH miRNA 73— B8A0E T miR-137 @R 5rh 254 2 [ () 2 5% miRNA. R, 32 FasL
T ACSL4 A RIE R ET e, Mirh 2540 52 %K. HE Yot g BRI AT /NS5 0 ™ EBER . T4
T3z RE A P OB R B, i 2 2H 0k i B A S S U AR, R I R B ELAT B A AT AL
TR

AHFFEEREKH, AHHZH R _EE miR-137 RIEH T FasL 5 ACSL4 [F3RiL, BB B3R
ARG 5 R . N FHLGI SE S5 @ ZIE, SCRRIFFERIA[11], miR-137 Al )
TUFEREEER, 1S 5S4 TS RO R BT T, NI TR R ARG M v S e, T BE kA
YRR . (EfHERMZ, FasL MENFET 2 PRIE IR OGO, L3k R B 820k/> 1 i Fas/FasL #H
FAEFA S 0 FFAEMOE T, T 2 R T DR S B £ 4 I R AT [12]. A, ACSL4 {E N8RS
TR AERG, HZ 5 50U S KB A Bk A0 o e 40 I R[S ] H g8 R AT R i ik 22 B0 A
AR, [FIA T TR AR T ST X 46 AT B ARBE T3 B, AT 55 25k b % gt 0 195 o &7 4
b, X ONFR AR R 252 T T8 I A N 4 T A S — B R S AR BRI T R T AR LA

TERR ThRE S A AT R Z T, AT R IR T X5 AR 4R AR T oG 7 T D B I B - miR-137 &
R AT R BB s B RS — R A S AR . A S A AR R ORR R DG R IR, AT o
BRI U ZT S 40 5% 0 A I R B[ 11 ] #0f1) FasL w0 i SIS B TS S, Mt
32 S PR PRI M D SO0E BRL - (7= A, X AE IR AT 4R AGAR DG B P S RE A 858 R T S E[12], #0Hfi) ACSL4 — 77
TRk R ERBE T (1 2 AN AN G 0T BRIl 1) & e, 3 — 7 Tl s ki ik D e SRR p-48 4k, T
SO SR A A 0 AR AR SPIRAS, 3 5 = TRRE P i 7 A FFE 0 A DG 7 A RO ML IAF AR SC B (131 TR, OH: IR
FPRF TR P RS 4 PR A B AT Ty 0] 2 4 e 38507 4 o P s DL B o5 JFE U PR A RO B A e 4L
LRI R IR T/t S KRR RS0 ] 58 S IR i 5 4R 3G A

KM FATAE — 8 [ SR PR o AR 13 e 2 Ak 471200 L S 56 R 40 S R 7% 1 28 400 52 60 ) S A
miR-137 X} FasL Fl ACSL4 [ E AL RCR, TR Z MK EEFEARRAE, AR 7 F5 &
IAE T AR A S TR B P AT I A Rt — DB . ASRIF TR KA I 45 & 2 21 2 5,
DA TR Z I 7 B R G 2 B

25 LR, AHIEFUUE SOH: 207 B R IR I A1 440 K SR 235 55 SRE 4R 44k, HonT i miR-137
Fik, ) FasL & ACSL4 IR . XEERIMAMNFE 1 LR AmpLE B8 )R, T8 e g
BTG RIS SR T SRS 1) 7y 7 25 B2 AR o Ji5 R A SRR TR FH 258 (R S B R S0 B SRR S 1, JF
TF IR ARG LA VPG LA o B L AF R0 SRS G A R 5, A S VBRI R T SR 0 %

E&mHE
JTPRHEIR AR X R T R T A ORI R AL AE 7742 H (No.2025KY 0400) -

SE K
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