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Effect and mechanism of oxymatrine injection improves cardiac function and ventric-

ular remodeling in adriamycin induced chronic heart failure rats

YE Haifeng, CAO Xudan

( Department of Cardiovascular Surgery, Handan Central Hospital, Handan, Hebei 056001, China)

[ ABSTRACT] Aim  To investigate the effect and possible mechanism of oxymatrine injection (OMT) on cardiac
function and ventricular remodeling in doxorubicin-induced chronic heart failure ( CHF) rats. Methods The rat
model with CHF was established by intraperitoneal injection (ip) of adriamycin (1.5 mg/kg, twice a week for 6 weeks).
The model group, captopril injection (CTP, 6.5 mg/kg) group and OMT low (25 mg/kg) , medium (50 mg/kg) , high
(100 mg/kg) dose group were set up, and the control group was set up, with 10 rats in each group. The rats in each
group were treated by intraperitoneal injection once a day. 4 weeks later, the cardiac function indexes (left ventricular
end-systolic diameter (LVESD) , left ventricular end-diastolic diameter ( LVEDD) , left ventricular fractional shortening
(LVFS), stroke volume (SV) ) were measured through animal ultrasound; the content of cardiac troponin I (¢Tnl) , brain
natriuretic peptide ( BNP ), stromelysin-2 ( ST2) in serum were detected by enzyme-linked immunosorbent assay
(ELISA) ; the left ventricular hypertrophy index (LVHI) was calculated; the morphological changes and fibrosis of myo-
cardial tissue were observed by HE staining and Masson staining; the expression of collagen I ( Coll-1) , o smooth muscle

actin (a-SMA) , transforming growth factor-B1 (TGF-B1), Smad2, p-Smad2, Smad3, p-Smad3, Smad7 were detected by
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Western blot. Results Compared with the model group, the LVESD and LVEDD were decreased in CTP group and
OMT low, medium, high dose groups; the LVFS, LVEF and SV were increased (all P<0.05).
BNP and ST2 were decreased (all P<0.05).
improved, and the collagen volume fraction (CVF) were decreased (P<0.05).

The contents of c¢Tnl,
The pathological changes and fibrosis of myocardial tissue were significantly
The expressions of Coll-1, a-SMA and
TGF-B1 were decreased; the ratio of p-Smad2/Smad2 and p-Smad3/Smad3 were decreased; the expression of Smad7 were
increased (all P<0.05). The effect of OMT on various indexes of CHF rats were dose-dependent, and the effect of OMT
high-dose group on various indexes were significantly better than those of CTP group. Conclusion OMT can improve

cardiac function and inhibit ventricular remodeling in CHF rats, which mechanism may be related to the inhibition of TGF-

B1/Smads signaling pathway.
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chronic heart failure;
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K F B1 (transforming growth factor-B1, TGF-B1) J&
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SRV AR YT OE ST R B, S AL 25 4
TGF-B1/Smads 15518 B REGE A A% CHF KL
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TR T 25 R, H R R 32 TR
B0 40 i 98 /0 Ko At S5 DR 51 R Y AR D80 i
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I REALC 2 A BV T K mT REAILR] , LU by i R
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65 R 7 i E R SD K B[ T A 4 K
A SR IR N ] 3 T AE F SCXK () 2020-
002 ], & 210 ~240 g, 2 40 & T b TR K F

oxymatrine injection;

cardiac function; ventricular remodeling;

TGF-B1/

WEER S MG, HFER(2421)C X EE
(55%+10%) 12 h LB A0 12 h R, Bl koK
B, RAERRBUWEH TR OERMBES R 2HE,
1.2z 5k

OMT £ 4T (A& . HFZF 0.1 g OMT, Hrir b
A XA AR AE, HE.21211090014) 5 F
3% A (captopril,CTP) 7 41 ( FL# . & Z F+ 25 mg
CTP, % M 257 A R~ 5, #5:20210927 ) ; 11 &
(A0 mg/ i, L RFT AR LA RAE,
£.220103-A16) , & ALAL4S & A 1( cardiac troponin
I,cTnl) | % 44 Ak ( brain natriuretic peptide, BNP) | &
R &R 2 ( stromelysin-2, ST2 ) He BF % WM
(enzyme linked immunosorbent assay , ELISA ) £ ] 45
Fl& (VB R TR E R AT, 5 H149-2,
H166 \H505-1) ; % 2 RIPA ZE## 3%, 7% K H5-7 41
(hematoxylin eosin, HE ) % 4 i 7| & 7 Masson %
KA (bxEkEx2zE£EDHBEARLE, 7.
R0010, G1120, G1340 ); % 4t A R K E & & 1
(collagen 1, Coll-1) .o “F ¥ ALAL 30 & & ( a-smooth
muscle actin, «-SMA ) | TGF-B1 ., Smad2 , p-Smad2 .
Smad3 ,p-Smad3 ,Smad7 ft & ( 4k 7 B AR & A
AR AF 45 bs-7158R  bs-10196R , bs-0086R . bs-
0718R., bs-7464R. bs-23580R, bs-5616R, bs-
23328R) ; %41 K B GAPDH i1k 40 % 1g6 — 41
( %[ Abcam 7 7, % 5 : ab7018 ,ab6721) ; BCA
EAWREAMNRAE ECLBEER(RRX=ZE LY
A A A F 5 PK10026 PK10001)
1.3 FEMNFE

VEVO 3100 B /)N 3h 4 # % AR 2 % (fn & K
Visual Sonics 2 8 ) ; EG1150C & 4~k X 7 # 4
HLORM2235 Al & # 1 HlL (5 E Leica A 7 ) ;
YS100 & % & 4% ( B & Nikon /A 7] ) ; Varioskan
LUX A 2% KEEATOL( B KRB HCARAF ) ;
PowerPac A ®#, ik {{ ( % [ Bio-Rad /& ) ; DYCZ-40D
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A LA A —BUE ) ; ALPHA1000-2 2 # =
B fe B A (% E Alpha A F])
1.4 #HBFE5%RY

ENEART KRG, AL 10 Rk Rk b xR
4, FA&SS RARS R Sun £ vy 7 ok
EES T E & 1.5 mgkg,2 R/BE, 6 ) M2
CHF A B A £ F 5 it 4 2 (left ventricular e-
jection fraction, LVEF) <45% , Bl ] #| % CHF #£ A 4]
HRT, EEREFRTIR EELAK L Rt
BT 51 R, &% LVEF &8 1 R KR, B R4
50 R CHF 4 & & R M L2 4 # & 4 CTP 4 A
OMT 1K % (& #l B4, 4410 &, CTP 414 X 1
K E 45 F 6.5 mg/kg CTP (R A 5 K B Al
EHRENRIUTHE),OMT & . F @AM EA 27 & X
1 JRFE & E 4T % F 25 mg/kg .50 mg/kg 100 mg/kg
OMT(#R4E A 5§ K B Al &4 & A X1t &, OMT 1%
FEAEMLTAGRAERN 172 5.1 .2
), HEAfBEAAG Rl KEEEH ST EE
A E SRR AN 5 mL/ke, T 2 4 B,
1.5 O INBEiEHRA

#0.35 g/kg BE B 0E 4T 48 F K& SR 5L R B
G RN E RGE R AR R, A
AN E WY MR W A& (left ventricular end-systolic
diameter, LVESD ) | 47 % #1 K W 42 (left ventricular
end-diastolic diameter, LVEDD ) | %2 % 45 52 2 (left
ventricular fractional shortening, LVFS) | LVEF | 4 %
i & (stroke volume,SV)
1.6 Mi& cTnl ,BNP ST2 &=l

T 2 &R E 5k B 5 mL,4 C &R
10 min B 7 (%3 3 000 r/min, H 8342 10 em) ,
#% M8 ELISA R A @ B F 0 AH#ATAE 5, & L5
A OUA I L 7% ¢Tnl . BNP ST2 A&,
1.7 EOEREEBITE

HREXRERE(W,) &, FF BB E, 37 A
R AE R (W,) 3 5 4 % B 45 (left
ventricular hypertrophy index, LVHI) ,LVHI=W /W,
1.8 WAARARSTUMAENR TR

WHREEWBLECEARET 10% 77
BEISWPEE 72 h 5, BB REAIE 4 um VT K
TR R MR L B K, R & R R
B 45 4T HE Z F1 Masson 38, , 4% 5 38 if % %
BHENECMARH SR WA T E KRR, &
if Image ] AR A ER T AKE(EEHE) ZR
%% (collagen volume fraction, CVF) ,CVF(% )= ( &

8 | AR/ & AR ) x100%
1.9 mALAEZR Coll-1, a-SMA, TGF-B1, Smad2 , p-
Smad2 ,Smad3 ,p-Smad3 ,Smad7 & B R & N

BUA G E 42 50 mg, im N\ RIPA 24 7 g #F B
5%, 7k £ % E 30 min J5 T R A4 CH L 25 min
BB EE A (% 12 000 t/min, B O F 142 8 cm) ,
BCA il E KB ARE G, 54320 pg mE &L
#,10% SDS-PAGE %t X W ik 4 B & &, 1% &% # 0
F R B 4 % & ( nitrocellulose, NC) 5 ,5% &4 & &
EEHWMERHE 1.5 h, fm X\ Coll-1(1 : 1000) .
a-SMA (1 : 800). TGF-BI (1 : 1 000). Smad2
(1:1000) .p-Smad2(1 : 1 000) .Smad3 (1 : 1 000) .
p-Smad3 (1 :1000) . Smad7 (1 : 1 000) . GAPDH
(1:2000) M AEHBRA CHELE, REREMA
IeG —#0(1:3000) HHREZRBHEH 1 h,ECL £ &
&, 83t Image ] R A BR BT EL T REM, 5§
W% B-actin 47 By A A8 L AE o B AT & B A T
kikE,
1.10 SitFahiE

SE6 #AE K F SPSS 20. 0 2 #EAT 4 AT 44T,
HEXBHEAEALM U xes X7, ZHE KK b
REARBEHEF Z04, BR LK KA LSDt %,
P<0.05 K =78 Rt FE L,

2 # B
2.1 iINEEISFRELEL
S5t HR4H e, AR ZH LVESD .LVEDD 43 %1 7t

T 36.78% . 116.24% , LVFS  LVEF . SV 43 5| [ A%
66.99% .56.76% .66.20% (14 P<0.05) , SHERIZH
He, CTP 41 OMT fI% b @i 77 i 41 LVESD 43 3]
FEAK 13. 85% .7.33% .16.07% 22.70% ,LVEDD 4}
WIFEAR 22.87% 11.60% .26.11% .46.25% , LVFS
Ay TFE 126.20% (31.52% (121.40% ,164. 66% ,
LVEF 43 5 J& & 54.74% . 20.97% . 49.77% .
82.36% ,SV 43l Tt 87.82% .28. 64% .97. 84%
138.62% (14 P<0.05) ; OMT {i& . b g5 )5 40 [k
RO S I AR R (P<0.05) . 5 CTP 4 %k,
OMT fi&5¥) = 20 LVESD . LVEDD 435l Ft &5 7. 57%
14.60% , LVFS, LVEF, SV 43 5 F& % 41.86% .
21.82% 31.51% (3 P<0.05) ; OMT "5l H 414545
P22 S IEG I 2# R L (P>0.05) ; OMT & 5 & 41
LVESD .LVEDD 43 5| &A% 10. 27% .30.31% ,LVFS |
LVEF .SV 435 Ft 1 17.00% .17. 85% .27.05% (]
P<0.05;& 1 f1 1),
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Figure 1. Echocardiogram of rats in each group

x1. FHKROINEEIRIRILE (n=10)

Table 1. Comparison of cardiac function indexes of rats in each group (n=10)

il LVESD/mm LVEDD/mm LVFS/% LVEF/% SV/plL

Xof HRZH 6.28+0.43 2.71%0. 15 52.38+4.57 82.06+7.91 172.90+15. 83
AL 8.59+0. 57" 5.86+0. 42" 17.29=1.60* 35.48+3.75" 58.44£6.08"
CTP 4 7.40+0.51" 4.52+0.34" 39.11£3.75" 54.90+6. 12" 109.76+11.32"
OMT fi&F 40 7.96+0. 52" 5.18+0.39" 22.7422.06" 42.92+4.36" 75.188. 14"
OMT Hrfl i dH 7.21+0.53" 4.33+0.31" 38.28+3.90" 53.14+5. 82" 115.62+12. 09"
OMT = 7l 4d 6. 64£0. 49" 3.15+0.20™" 45.76+4, 13" 64.70+7. 38" 139.45+14. 27"

H:a N P<0.05, 5XFEZHM ;b A P<0.05, SHRIZHALL ;¢ H P<0.05,5 CTP #HAH I ;d S P<0.05,5 OMT R =AM ;e H P<

0.05,5 OMT Hi5l AL,

2.2 IMi& ¢Tnl BNP #0 ST2 & =LK

5XF R L, BEAYLL M3 Tl BNP FI ST2
BRI 251.02% (110.53% 91.79% (34 P<
0.05) ., HHEEIL LA, CTP 41F OMT % .+ 555
AL M cTnl & & 43 5 FE AR 49. 74% . 26.05% |
53.29% . 65.44% , BNP & i 43 il B# % 36.35% .
15.31% . 30.52% , 41.29% , ST2 5 +& 43 3 K& A%
27.56% .18.54% .30.69% .37.65% (] P<0.05);
OMT i, w8 77 2 20 b 3R 800y 522 B0 7)o 4k o 1k
(P<0.05), 5 CTP 4H Hb %, OMT A% 7 &t 21 iy 7
cTnl \BNP , ST2 & & 43 9 T} &5 47. 14% . 33.05% .
12. 45% (] P<0.05) ; OMT |24 645 22 50
it X (P>0.05) ; OMT & 7 & 4L IfiL 3 Tl
ST2 i3 MIFRAR 31.25% (13.93% (4 P<0.05) ,

BNP &2 S TG4 X (P>0.05;%2),

2. HAKRME cTnl,BNP F1 ST2 £ 8LLB (n=10)
Table 2. Comparison of serum ¢Tnl, BNP, ST2 contents

of rats in each group (n=10)

WAl ¢Inl/(ng/L)  BNP/(ng/L) ST2/(g/L)
pOpiE| 58.74%6.03  165.33%14.92  593.08x62. 14
HEAIZH 206.19+21.84* 348.07+36.15* 1 137.45%130.92°

CTP 4 103.63+12.27" 221.54+20.83"  823.96+91.74"

OMT fIGFEAL 152.48+17.30" 294.77+30.60> 926.53+101.75"
OMT Hi5lE4 96.31+10.25" 241.83+26.71"  788.40+86.51™
OMT 74l 71.2527.43% 204.3621.59"% 709.15+76. 42"

Hia g P<0.05, S MELAAALL ;b S P<0.05, SEIRIZAAA L ;¢
9 P<0.05,5 CTP 44AH 1 ;d 2 P<0.05, 5 OMT R FIHRHAH L ;e N
P<0.05,5 OMT H5 AL,
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2.3 LVHI k%

5% IR M, A4 LVHI THE 62. 18% ( P<
0.05), SIS, CTP 4 F1 OMT A% b 5
20 LVHI 23 91 FEA% 22. 13% . 12.65% .21.34% .
28.85% (¥ P<0.05) ;OMT X .t il &4 A%k
ML B AR B (P<0.05) ., 5 CTP 4 %%,
OMT {740 LVHI F+5& 12. 18% ( P<0.05) ; OMT
T LVHI 22 57 B4 58 L (P>0.05) ;OMT 5
FIHR 4 LVHI %1% 8. 63% (P<0.05;K2)

2.4 IDANEALRREYLE

Xof RRZH K B LT 4k 0 % 3% A, o0 WL 24 B HE 571
H5E MAZ R R TR S DA UL i B R R MR AR
BIZLC LET AR R UL b i | BT 288 | SO AOR B8 TH 2% | o0
WLAHRARHES) 6L M 0 28 AR AR A AR
15, TR1BT DX K | 28 P 200 3 1) S5 i B I AR S
SRR L #E, CTP ZH 1 OMT A%, Fbr v 70 e 4 s B
PEIEAS SO AS [ AR B ek, Ho OMT il s 0L T

OMT I &4

OMT IG5 & 41, OMT &% & 4L F CTP 41 H1 OMT
% Fh R (F 3)

3.0
2.5
2.0

1.5

LVHI/( x 10%)

1.0

0.5

0
R B B B B B
NS
O\& O\& O“

2. FHEKR LVHI LbE (n=10)
a Jj P<0.05, 5XFIRAIAH L ;b A P<0.05, SHEERIZIAH L
¢} P<0.05,%5 CTP ZAAALL;d  P<0.05, 5 OMT IR A0 AA LY ;
e 7 P<0.05,5 OMT Tl g4I,
Figure 2. Comparison of LVHI of rats in each group (n=10)

OMTEFEE

3. HE £EBURZHKRONARRELE

Figure 3. The morphological changes of myocardial tissue were observed by HE staining

IDALEE R T AR R CVF L3R
Kb BERZH A B L 4T DM 20 B 22 R BOTE iR
DRETHE AR 2H 0 ILZE 23 45 R LR ) o X2 it

2.5

AR IERL B R 2 A Ay, SR
FLAE, CTP LA OMT 1% Hf sl 2 O WLEZH U 2F 4
ARG R BE 4%, OMT i 771 i LA F o4
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XA i, MR CVF FHi 1 567.07%
(P<0.05), SHRIZ g, CTP 40/ OMT ik .+,
B R CVF 4 9 R IR 49.67% | 26.23% |
55.58% \78.92% (¥ P<0.05) ; OMT ik .t .5 Fl i
RGN S F AR E (P<0.05) . 5 CTP 4%,
OMT .41 CVF T+ 46.58% ,OMT /& 7 &
ZH A WIFEAR 11. 73% 58. 11% (¥ P<0.05; 181 4) .
2.6 ALALR Coll-1,a-SMA EARIE

EXT B2 P AR 2 R BRLC JILZH Y Coll-1 o
SMA X} ik 5 5 TH R 1 466.67% (1 733.33%
(¥ P<0.05)

SRR L, CTP 2 F OMT 1% .

OMTIEHI 42

50

401

30

CVF/%

OMTH g4

R Coll-1 AH X R 38 1 43 I BE AR 70. 21% |
19.15% .55.32% .76.60% , a-SMA HH Xf 3 ik & 43
TIFEAR 70.91% .16.36% .63. 64% 83. 64% (¥ P<
0.05) ; OMT AI% | e 77 i 41 b s & 2 0 5] A
HirE(P<0.05), 5 CTP 4H HL %, OMT {7 & 41
Coll-1,a-SMA #H X & ik & 43 5 - &5 171.43%
187.50% (] P<0.05) ; OMT 15 & 21 Coll-1 AHXF
FikETHE 50. 00% (P<0.05) , a-SMA AHX} 63k &
EF TG L (P>0.05) ; OMT =754 Coll-
1. -SMA HH % 2% 35 & 73 il B AIK 21. 43% ,43.75%
(¥ P<0.05;5),

OMTEAMEA

4. FEXROUAR

20 -
10 ' bcde
0 .

CTPA

OMTIRFIEH OMTHhFIEH OMT:ss?fllgéﬂ

TR LR

A A Masson YOS LB EF ARG s B A O L CVE HRGETTEI (n=10) ., a A P<0.05, 5% HBA ML ;
b N P<0.05, SHEIZHA I ;¢ S P<0.05,5 CTP HAHLL ;d N P<0.05,5 OMT {EFIHE4HAH L ;e S P<0.05, 5 OMT His A0,

Figure 4. Comparison of myocardial fibrosis in rats of each group
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1 2 3 4 5 & FEAK 75. 76% (] P<0.05) . SHRIZH Hdst, CTP 40

Coll-1 - — 1 OMT A P 7 7 41 TGF-B1 AH X 26 35 43 5l
a-SMA = e—

GAPDH e e e e e e

a R

| -
I 0.5 B CTPA
e 4 I OMT{R S &4
#®” 0. OMTHFIEA
% 03} by T OMTEHIEE
Z T
I 0.2 bcde
R 0.1

0.0

Coll-1

a-SMA
5. BAXROIALR Coll-1,a-SMA EARIELLE (n=10)
1 gt BEL,2 SABERIZE 3 O CTP 4,4 ~6 4340 OMT ik,
JEFRIEA, ak P<0.05, 5XFIRALAHE ;b 2 P<0.05,
SR ;¢ 8 P<0.05,5 CTP 4AAf I ;d y P<0.05,
5 OMT 7R M H ;e A P<0.05,5 OMT R4 A
Figure 5. Comparison of the expression of Coll-1,

a-SMA in myocardium of rats in each group(n=10)

2.7 ALEAZE TGF-B1,Smad2  p-Smad2 , Smad3 , p-
Smad3 ,Smad7 & AKX

50 R H A, R AR RO LA 2 TGR-BI
p-Smad2 . p-Smad3 FIXfF ik & p-Smad2/Smad2 . p-
Smad3/Smad3 HAH 535 7+ 575. 00% ,866. 67% .
966. 67% .857.14% 1 125. 00% ,Smad7 FHXF Rk &7

FEAR 72.22% . 14. 81% .68.52% . 79. 63% , p-Smad2
AHXT e 3k 1 o ) FEAR 67.24% (43.10% . 72. 41% |
77.59% , p-Smad3 HHXF % 3k & 3 0 FE AL 62. 50% |
18.75% 59.38% .71. 88% , p-Smad2/Smad2 .18 43
B AR 65.67% . 41.79% . 71.64% . 77.61% , p-
Smad3/Smad3 It {8 53 51 B A% 65.31% | 20.41% .
61.22% . 73.47% , Smad7 #H %t 3 ik & 43 51 7+ =
137.50% . 37.50% . 87.50% . 287.50% (¥ P <
0.05) ; OMT A%, v | i 751 2 4 b 3 007 2 35 24K
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Figure 6. Comparison of the expression of TGF-1, Smad2, p-Smad2, Smad3, p-Smad3, Smad7 and the ratio of

p-Smad2/Smad2, p-Smad3/Smad3 in myocardial tissue of rats in each group(n=10)
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