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[Abstract] Objective: To investigate the effects of Zhenwu decoction on the transforming growth factor—f1
(TGF —B1)/Smads signaling pathway and immune dysregulation in rats with rheumatic heart disease (RHD).
Methods: Totally 60 Lewis rats were randomly divided into normal group, RHD group, trimetazidine group and
Zhenwu decoction group, with 15 rats in each group. A rat model of rheumatic heart disease was established
using inactivated group A P-hemolytic streptococcus (GSA). Rats were given the corresponding medication via
gavage in each group, once daily for six weeks. Parameters such as heart rate were measured; Hematoxylin—eosin
(HE) staining was performed to observe pathological changes in the cardiac tissue. Bitterness acid-cockroach
red staining was used to detect fibrosis in the heart tissue. Enzyme-linked immunosorbent assay (ELISA) was
employed to measure serum levels of brain natriuretic peptide (BNP), creatine kinase MB isoenzyme (CK-MB),
lactate dehydrogenase (LDH), tumor necrosis factor-alpha (TNF-a), interleukin-1 beta (IL-1p), IL-6, and IL-10.
Western blotting was used to analyze the relative expression levels of TGF-Bl, p-Smad3, type I collagen
(COLAI), matrix metalloproteinase—1 (MMP-1), tissue inhibitor of metalloproteinases—1 (TIMP-1), NOD-like receptor
family pyrin domain containing 3 (NLRP3), inducible nitrie oxide synthase (iNOS), and cyclooxygenase-2 (COX-2)
in cardiac tissue. Immunofluorescence was performed to detect the positive expression of TGF-Bl, Smad3,
alpha—smooth muscle actin (@—SMA), and vimentin in the heart tissue. Results: The myocardial cells of the
normal group of rats appeared normal in morphology. In the RHD group, the myocardial cells were disorganized
and loose, with a significant number of muscle fibers ruptured and uneven cytoplasmic staining. Compared to
the RHD group, the myocardial damage showed some improvement in trimetazidine group and Zhenwu decoction
group. The relative area of fibrosis in the myocardial tissue of the RHD group was higher than that of the
normal group (P<0.05). The fibrotic area in the trimethazine group and the Zhenwu Decoction group was lower
than that of the RHD group (P<0.05). The RHD group showed lower heart rate than normal group (P<0.05).
The trimebutine group and the Zhenwu decoction group showed higher heart rates than the RHD group (P<
0.05). The RHD group showed higher serum levels of BNP, LDH, CK-MB, TNF-a, IL-1B, and IL-6 than
normal group (P<0.05), while lower IL-10 level than normal group (P<0.05). The trimebutine group and Zhenwu
decoction group showed lower serum levels of BNP, LDH, and CK-MB than RHD group (P<0.05). The Zhenwu
decoction group showed lower serum levels of TNF-a, IL-1B, and IL-6 than RHD group, while higher TL-10
level than RHD group (P<0.05). The Zhenwu decoction group showed lower serum levels of LDH and CK-MB
than trimebutine group (P<0.05). In cardiac tissue, the positive expression levels of TGF-B1, Smad3, a—SMA,
and Vimentin in the RHD group were higher than that of the normal group (P<0.05). In contrast, the positive
expression levels of TGF-B1, Smad3, a—SMA, and Vimentin in the trimebutine group and Zhenwu decoction
croup were lower than that of the RHD group (P<0.05). The Zhenwu decoction group showed lower positive
expression level of Smad3 than trimebutine group (P<0.05). The relative expression levels of TGF-BI,
p—Smad3, COL-I, MMP-1, NLRP3, iNOS, and COX-2 proteins in the cardiac tissue of the RHD group were
higher than that of the normal group (P<0.05), while the relative expression levels of Smad7 and TIMP-1 proteins
were lower than normal group (P<0.05). In the trimebutine group, the relative expression levels of MMP-1 and
NLRP3 proteins in the cardiac tissue were lower than that of the RHD group (P<0.05), while the relative
expression levels of Smad7 and TIMP-1 proteins were higher than RHD group (P<0.05). In the Zhenwu
decoction group, the relative expression levels of TGF-B1, p-Smad3, COL-I, MMP-1, NLRP3, iNOS, and
COX-2 proteins in cardiac tissue were lower than RHD group (P<0.05), while the relative expression levels of
Smad7 and TIMP-1 proteins were higher than RHD group (P<0.05). The relative expression levels of TGF-B1,
p=-Smad3, and COL-I proteins in the cardiac tissue of the Zhenwu decoction group were lower than that of
the trimebutine group (P<0.05). Conclusion: Zhenwu decoction may regulate the TGF-B1/Smad3 signaling pathway
through negative feedback, inhibiting immune inflammatory responses, improving myocardial fibrosis in rats
with rheumatic heart disease, and alleviating myocardial pathological damage.
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F 19414 N 39 117816
i 000 0000 0000 0.000

g R 2L RAL 0P<0.05; S RHDALILAL P P<0.05: 5 W

E MRt b3 P0.05,

2.6 AR HCIEMLTCF-B1.p-Smad3.Smad7.COL-1 .
MMP-1.TIMP-1%& G A8 foik Srhd  RHDATK B IELEN
TGF-R1.p-Smad3.COL— T .MMP—1ZE [T 4 % 223k & & 1 1E
W ( P<0.05), Smad7 . TIMP-188 FAH X Fik &Ik T 1EH
£ ( P<0.05 )5 it e fibiggE 2 BLC D 2H 2R MM P-1 2R LA AT 55
AR FRADEH( P<0.05) ,Smad7 . TIMP-1 3 (X ik B T
RHDAL( P<0.05 ) ; BLiX 17 4 K RO A TG -B1 . p—Smad3
COL- T \MMP-1#E X R IA EALFRUDA( P<0.05) . Smad7 .

TIMP-135 FH A 265 5 FREDAL( P<0.05) s ELEA L AR
LHEEH I TGF-B1 . p-Smad3 .COL- | & FAHN Feik Ak T il
PR ( P<0.05) . (ILIE5.45)

TGF-B1 | & o (. S s— 11 kD2

p-Smad3d | s e TS SR ss— ) (D2

Smad7 - — a— ;Do

COL- |"—— D S — 1300

MMP-1 e D —— m— 53 k0
Tive-1 O
GaPor A A S - -

E#A RHD # #hEfEE ARHE
B 5 KBROBEMAZLR TCF-B1.p-Smad3.Smad7.COL-1
MMP-1.TIMP-1 ZEH$i% Westemn blotting B
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#*5 HBAKXBOEALR TGF-B1.p-Smad3,Smad7,COL- I \MMP-1.TIMP-1 & B3 RE S L

(xxs)

#51 n EAES R TGF-B VGAPDH  p-Smad3/GAPDH  Smad7/GAPDH COL- [ /GAPDH MMP-1/GAPDH TIMP-1/GAPDH
I 13 0.17 001 0.15 001 0.72+0.05 0.18 +0.04 0.10+0.01 0.99 +0.04
RHDZL 13 0.60 + 0.03* 0.55 +0.02° 0.14+0.02 0.59 + 0.10 0.81 +0.05* 0.18+0.01°
M 13 7.69mg/(kg d) 0522005 0.49 £ 0.02 0.51£0.11" 0.55+0.06 0.36 + 0.05" 0.67+0.03"
Ht %A 132520 ¢/(kg+d) 0.34 + 0.02" 027003  047+003" 036+0.02  029+004" 0.66+0.02"

F 125451 179.501 288.695 149.355 158.007 419.171
P 0.000 0.000 0.000 0.000 0.000 0.000

M 5 A RER 0 P<0.05; B RHDALILER P P<0.05; 55 ¥ & fnm 1 Yh3E | P<0.05,

27 BAK RS EL L NLRP3.INOS.COX-2& & 88 £ %
T RHDEH K RO HEZ I NLRP3.INOS . COX-2 5 H 4
Xt 23k T IR R 4 P<0.05 ) ; i S fth e 2H A Lo I 2H 21
NLRP3# AR AT 15 BAE TRHDAL( P<0.05) : ELt i 41 K I,
LNELHZINLRP3.INOS . COX =28 (1A% 23k L FRADAL
(P<0.05) s Hal 41 K LG B 21iNOS . COX -2 [ A X %
SREHE T 4 ( P<0.05) . (1L El6.356)

NLRP3 | s o 15 Da

— W B

. W | 80 KD
— — —— ;0

EEE

iNOS 131 kDa

COX-2

GAPDH

RHD £ gEmEd EXaHd
E6 XEOHAZ NLRP3.INOS,COX-2 BEAFKIE
Western blotting

F6 BAKXRBROFEHZ NLRP3.i NOS,COX-2EH

HEMRABLE  (xss)
ikl no HHFE NLRPYGAPDH iNOSGAPDH  COX-2GAPDH
R 13 0342004 0.16£0.01 034 £0.06
RHDH 13 0.80007: 057£006  095£0.19
MELER 13 769 mg(kerd) 0462004 0.57£0.02 090£0.11
HfpA 13 520g(ked) 0412006 020£003 032008
r 42939 189.498 69,083
P 0.000 0.000 0.000

G ORI EE 0 P<0.05; 5 RHDALIL AR b P<0.05; 5 o
£tk 28 B35 P<0.05
3 3 it

RHDAZ—F ] TR .o e , 3 JLH 47 5 4Bk RHD 7
A7 IR (B TR IR A T 2 Tl R FB 5 SR AR DG R T
FANEE A T g oR 3 E 29472 50007 (53 B k.0
R 5519 R RGEPE IR 22 , R RHDAE TR i
BN I 2 T At 23 S H . B AT RID I FRIG ST LIS figtii
IRHE R B I Ay 3200, HA A M AN R R L 15 P R
BTz WL UTER , S 200 T R AT EGE L S g, o
[ A Ry ARG S K B S e ZE R I SR
B, DA E NS S8 A, e H A BA R, A5 T
ALr, BHIE O FH o SMZE AT AN ) R B PR R SO BEfE
UK AN 383 1T Ay fieb B R AR 32 1o, ok A L 1 PH I

F IR EANEO S, R BHAI K o BRI A K AP SR
3 o R BT R R, b 22 ok (K B 3 AR 3 iR
P LA AR 5 1A fl RSO s PRSI B R 5 AT 24188 T S o
L IR IHI K A RA L 2B SA A Bh A, SRR AT 2581, L
B AT PR 20 AR I PR R O LR
I8 B VR Lo LA B BE B A8 S A 2R S, B B
P70 ) Sk T TRALC U il Co s 268 LA A0 AT
GEES AR, B v A ROSGE RHDA RLC LR EER 47 , [
IR ML BNP .LDH .CK-MB/K -, Jf 7E—5E LI M) O ILEF
HE{L , BERDH K BLC LT M8 AL T RE o X 5 BRI TR ik
L0 UG Bl F7 52 58 sh S Y vp A BIF o 235 S Ak A — 3o,

TGF-B1A J2AE AR SEFRIEL AR5 A0 AR b 55
AAEEEER L TGF-p1 Al % T Smad2/3 W5 M 1k, 5
Smadd T8 R A 1A, 175 5 IILRZT 2 20 M 76 Ak R 0RE L 53
SO JUE 72 e [ FE J A A2 Smad THEA 0 TG F-B/Smad s 5 i
B v e FE Y TR MR VT B 22— AT BELLE Smad2 /3RO TR TR,
AR I, R A AR RHD K BLCG IEZA 2 TGF-B1
Smad3 . p—Smad3 La-SMAH A, FiRSmad78E HFA, K
B T BB I TGF-B 1/Smad3 {5 5 1l B 15 5 LI
JULE PSR, ol UL ) T Ak, AT el 0 ML EE 90
MMPs S ECM Y 3 5 [ 8 75 RS . o J (1 e J5 28 F e L i
TIMPs B DAFI 1 i A i e, 15 R 3, MMPs R TIMPs
AbF sh7s P 2 b DL ECMEES A F 5T B 3, Hiliafe
HIHI RAD K L0 IR 4IMMP- 188 & 35, IATIMP-18 H
Fik , Fe ] B Tl 1 18 5 MMP-1/TIMP- 1 -4, 30
INECM A L , FE2E RHD-C WLET 24k 65 Bk 2

G DIRE LS S ERHDI T E R AL IL- 1802 A B
FEME R Y S AN B -, w25 RO A 2k A
PR, oAk, IL-1 38 1] 15 S5 MM Ps 14 B A . 45 B Al £ 4t 4 1)
B FUEF L) K TGF-RHIIL-6 1Y 700 , fR HELT 4 fb Y & R,
IL-108 25 A 2 —Fif 98 i L5 Ao 2 310 ) Bl 7 - NLRP3 25 11 2
NLRP3SIE/MARL DL R 7r, Pl SR e 4 A A T1IL-18
FITL-18 1 7300 . 2 SRR 0 11 8 22 2R BRI 3829, COX -2l
INOS AL G 4 AiF R Ny (Y 76 %8 2 5 3, m) Rl s i 4 e
240 B M1 /M 25 Ak W T B2 00 R HDBE N 1 e, A5 A 0, 2Lt
o] g T IARAD A BN S TNF - IL- 1R JL-67K¥, 1A
IL—107K T, 3 RHD K FC I £ 21 NLRP3 (iNOS . COX -2
Fik  F W B HE I H RHD R B 45 TN . R AF s
WER .
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