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Chaihu Jia Longgu Muli Decoction alleviates myocardial fibrosis in rats
with myocardial infarction through TGF-81/Smads pathway
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Abstract  This study observed the effect of Chaihu Jia Longgu Muli Decoction on myocardial fibrosis in the rat model of myocardial
infarction ( MI) and explored the effect of this decoction on ventricular remodeling induced by myocardial fibrosis after MI based on
transforming growth factor81 ( TGF-81) /Smad proteins ( Smads) pathway aiming to reveal the therapeutic mechanism of this
decoction. MI model rats were established by coronary artery ligation and assigned into sham model and low-dose medium-dose and
high-dose (2.09 4.19 and 8.37 gekg™' respectively) Chaihu Jia Longgu Muli Decoction groups with 10 rats in each group. Chaihu
Jia Longgu Muli Decoction groups were administrated with the decoction at different doses by gavage and the sham and model groups
received an equal volume of distilled water once daily for 4 weeks. The cardiac function of rats after MI was assessed via
echocardiography. Myocardial fiber deposition and collagen volume fraction ( CVF) were observed by Sirius red staining and Masson
staining. Ultrastructure changes of myocardial cells were observed by transmission electron microscopy. Creatine kinase isoenzymes
( CK-MB) cardiac troponin T ( ¢TnT) and soluble growth stimulation expressed gene 2 ( sST2) levels were measured by ELISA.
Western blot was employed to assess the protein levels of collagen I (Col [) and a-smooth muscle actin ( -SMA) associated with
myocardial fibrosis and TGF81 Smad3 and Smad7 associated with the TGF-81/Smads pathway. Compared with the sham group the
model group had significantly decreased body weight compromised cardiac function abnormal ventricular structure collagen fiber
deposition increased fibrosis area and CVF seriously damaged ultrastructure of myocardium a part of mitochondria being swollen or
even ruptured disarrangement and lysis of myofibril and broken myotome and myofilament with emergence of space. Furthermore the
model group showed risen levels of ¢TnT sST2 and CK-MB  obvious myocardial fibrosis up-regulated protein levels of profibrotic
cytokines TGF-81 and Smad3 down-regulated protein level of the inhibitory cytokine Smad7 and increased expression of myocardial
fibrosis—related proteins Col | and a-SMA. Compared with the model group Chaihu Jia Longgu Muli Decoction groups showed
increased body weight improved cardiac function and ventricular structure reduced collagen fiber deposition fibrosis area and CVF
intact ultrastructure of myocardium normal mitochondrial structure and well-arranged myofibril and myofilament. In addition Chaihu
Jia Longgu Muli Decoction groups presented declined ¢TnT sST2 and CK-MB levels down-regulated protein levels of TGF-81 and
Smad3 up-regulated protein level of Smad7 and reduced expression of Col ] and a-SMA. Chaihu Jia Longgu Muli Decoction may
reduce excessive deposition of extracellular matrix by regulating the expression of proteins in the TGF-81/Smads pathway thereby
alleviating myocardial fibrosis and ameliorating ventricular remodeling.
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Fig.2 Comparison of cardiac ultrasound of rats in each group
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Fig.3 Effect of Chaihu Jia Longgu Muli Decoction on myocardial fibrosis in rats after myocardial infarction ( sirius red staining x200)
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Fig.4 Effect of Chaihu Jia Longgu Muli Decoction on myocardial fibrosis in rats after myocardial infarction ( Masson staining Xx200)
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Table 4 Comparison of CVF of rats in each group( x+s n=23) .
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Fig.5 Effect of Chaihu Jia Longgu Muli Decoction on ultrastructure of myocardial tissue in rats after myocardial infarction( transmission
electron microscope x10 000)

207



2006 1 | 51 1 Vol.51 No.1 | January 2026
3.6 MF a-SMA.Col [ NN
TGF-81/Smads Smad?7 (P<0.01) 6+
4 a-SMA. 5.
Col T . TGF-B1. Smad3 (P<
0.01) Smad7 (P<0.01)
6. 5. N
a-SMA. Col [ . Smad3
(P<0.05 P<0.01)
a-SMA.Col [ Smad3
TGEp1 (P< 6 aSMA.Col T  TGFI/Smads
0. 05) N TGF-B1 Fig.6 Bands of «-SMA Col I and TGF-81/Smads pathway
; related proteins
5 a-SMA.Col I  TGF-81/Smads (xts n=3)
Table 5 Comparison of the expression of a-SMA Col [ and TGF-81/Smads pathway related proteins of rats in each group( x+s
n=23)
/gkg™  a-SMA/GAPDH Col 1 /GAPDH TGF-81/GAPDH Smad3/GAPDH Smad7/GAPDH
- 0. 14+0. 03 0.29+0. 17 0.27+0. 16 0. 15+0. 01 1.41+0. 04
- 1.24+0.27Y 0.99+0. 179 1. 12+0. 27" 1.01+0.22Y 0.22+0. 04"
2.09 1. 05+0. 21 0. 84+0. 14 0. 86+0. 34 0.83+0. 19 0.39=+0. 08
4.19 0. 81+0.22% 0.70+0. 17% 0.73+0. 31 0. 65+0. 16? 0. 56+0. 08
8.37 0. 61+0.24% 0.55+0. 13 0. 59+0. 282 0. 40+0. 08*) 0. 89+0. 05
4
MF  AMI
MF - AMI
I MF  AMI
LVEDD.LVESD LVEF.LVFS
MF
O AMI _AMI . CK-MB
TGF-B1/Smads
AMI . MB
1647 ( LVEDP) ¥, ¢TnT
LVEDP
TNF-«
cTnT
TNF-«
o sST2
ECM MF . L ’

208



2026 1 \ 51 1

Vol. 51 No.1 | January 2026

MF 20
sST2
MF o sST2
TGFB
MF 22
MF o
CK-MB. cTnT.sST2
AMI
MF o
TGF-B1/Smads
. TGFB1  TGFB
MF
* . TGF8I
MF 7, Smads TGFB1
TGFB1
27 MF
o TGFB1
TBR-1
Smads ( Smad2/3)
Smad2/3 Smad4
® ., a-SMA MF
¥30, Col 1 ECM
ECM Col | Col I
3132
AMI
TGF-81/Smads Smads
Col T.Col I
a-SMA
ECM
MF o Smad7
Smads TGF-B1
R-Smads
TGFB1/

Smads MF
» . 34
miR-92a Smad7
TGF-81/Smads MF.
+Masson MI
MF
MI MF
o a-SMA.
Col [ .TGF-81.Smad3
Smad7
a-SMA.Col [ .TGF-
B1.Smad3 Smad?7
TGF-B1/Smads
MF 0
AMI
MF o
TGF-81/Smads
ECM MF

o

GULATI R BEHFAR A NARULA ] et al. Acute myocardial
infarction in young individuals J . Mayo Clin Proc 2020 95
(1):136.

REED G W ROSSI J E CANNON C P. Acute myocardial
infarction J . Lancet 2017 389( 10065) : 197.

I 2024 49
(6):1673.
KAPUR N K THAYER K L. ZWECK E. Cardiogenic shock in
the setting of acute myocardial infarction J . Methodist Debakey
Cardiovasc J 2020 16( 1) : 16.
ZHANG QJ HE Y LI'Y et al. Matricellular protein Cilpl
promotes myocardial fibrosis in response to myocardial infarction

J . Circ Res 2021 129( 11) : 1021.

VAN PUTTEN S SHAFIEYAN Y HINZ B. Mechanical control
of cardiac myofibroblasts J . J Mol Cell Cardiol 2016 93:133.
WANG S LIU Y HU X et al. Identification of ceRNA
( IncRNA-miRNA-mRNA) regulatory network in myocardial
fibrosis after acute myocardial infarction J . Int J Gen Med
2021 14:9977.
WUM GUOY WUY et al. Protective effects of sacubitril/
valsartan on cardiac fibrosis and function in rats with
experimental myocardial infarction involves inhibition of collagen
synthesis by myocardial fibroblasts through downregulating TGF-
B1/Smads pathway J . Front Pharmacol 2021 12:696472.

209



2026 1 ‘ 51 1 Vol.51 No.1 | January 2026

J. 23 CHAMBERS D M MORETTI L. ZHANG J J et al. LEM

2023 48( 10) : 2620. domain-containing protein 3  antagonizes TGFB-SMAD2/3

10 Nox4/PKCa/Gal-3 signaling in a stiffness-dependent manner in both the nucleus and
D J . cytosol J . J Biol Chem 2018 293(41) : 15867.

2023 21( 20) : 3724. 24 AKHURST RJ HATA A. Targeting the TGFg signalling pathway

11 Hippo/YAP in disease J . Nat Rev Drug Discov 2012 11( 10) : 790.

J . 25 HUHH CHEN D Q WANG Y N et al. New insights into
2024 22( 15) : 2740. TGF-B8/Smad signaling in tissue fibrosis J . Chem Biol Int

12 2018 292:76.

J . 2012 47(21) : 1685. 26 XIEJ TUT ZHOU S H et al. Transforming growth factor

13 FANGZ L LAI D X LEI L et al. LMK235 ameliorates ( TGF) 81 signal pathway: a promising therapeutic target for
inflammation and fibrosis after myocardial infarction by inhibiting attenuating cardiac fibrosis J . Int J Cardiol 2017 239:9.
LSD1-related pathway J . Sci Rep 2024 14( 1) :23450. 27  ALGECIRAS L. PALANCA A MAESTRO D et al. Epigenetic

14 MURTHA L A SCHULIGA M J] MABOTUWANA N S et al. alterations of TGFB and its main canonical signaling mediators in
The processes and mechanisms of cardiac and pulmonary fibrosis the context of cardiac fibrosis J . J Mol Cell Cardiol 2021 159:

J . Front Physiol 2017 8:777. 38.

15  DEFILIPPIS A P CHAPMAN A R MILLS N L et al. 28 LI N HANG W ]J SHU H Y et al. Pirfenidone alleviates
Assessment and treatment of patients with type 2 myocardial cardiac fibrosis induced by pressure overload via inhibiting TGF-
infarction and acute nonischemic myocardial injury J B1/Smad3 signalling pathway J . J Cell Mol Med 2022 26
Circulation 2019 140( 20) : 1661. (16) : 4548.

16 FARIATO BALDO M P SIMOES M R et al. Body weight 29 LIUTJ GONZALEZ DE LOS SANTOS F HIRSCH M et al.
loss after myocardial infarction in rats as a marker of early heart Noncanonical Wnt signaling promotes myofibroblast differentiation
failure development J . Arch Med Res 2011 42(4) : 274. in pulmonary fibrosis J . Am J Respir Cell Mol Biol 2021 65

17 (15):489.

121 ( ) T . 30 CULIXY LIYF YUAN S G et al. Alphakinase 1 promotes
2012 16(7) : 1241. tubular injury and interstitial inflammation in  diabetic
18 nephropathy by canonical pyroptosis pathway J . Biol Res
J. 2023 56( 1) :5.
2018 24( 11) : 173. 31 CAOZC WANGHM CHENJL etal Silk-based hydrogel

19 YANG R JIA Q LIU X F et al. Effect of genistein on incorporated with metal-organic framework nanozymes for
myocardial fibrosis in diabetic rats and its mechanism J . Mol enhanced osteochondral regeneration J . Bioact Mater 2022 20:
Med Rep 2018 17(2) :2929. 221.

20 DUDEK M KALUZNA-OLEKSY M MIGAJ J et al. sST2 and 32 GAOJP GUOZH ZHANG Y et al. Agevelated changes in
heart failure-elinical utility and prognosis J . J Clin Med 2023 the ratio of type I /I collagen and fibril diameter in mouse skin
12(9) : 3136. J . Regen Biomater 2022 10: rbac110.

21  MATILLA L IBARROLA J ARRIETA V et al. Soluble ST2 33 MENG X M NIKOLICPATERSON D] LANH Y. TGF8: the
promotes oxidative stress and inflammation in cardiac fibroblasts: master regulator of fibrosis J . Nat Rev Nephrol 2016 12( 6) :
an in vitro and in vivo study in aortic stenosis J . Clin Sci 325.

2019 133( 14) : 1537. 34 .miR-92a TGF-81/Smads
22 MATILLA L ARRIETA V JOVER E et al. Soluble St2 I 2023

210

induces cardiac fibroblast activation and collagen synthesis via

neuropilin-1 J . Cells 2020 9( 7) : 1667.

43( 16) : 4015.



