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Astragaloside-IV combined with enalapril improves the cardiac function of mice with acute
myocardial infarction

Sun Dongyue, Lu Feiyan, Ding Yanzi, Wu Hengfang, Bian Zhiping, Cheng Xiangjian', Yang Di’

Department of Cardiology ,the First Affiliated Hospital of NMU , Nanjing 210029, China

[Abstract] Objective: To investigate the effect of astragaloside 1V combined with enalapril on cardiac function after acute
myocardial infarction (AMI) in mice. Methods: Twenty - four 8-week old male C57BL/6 mice were randomly divided into 4 groups,
including the sham group, the CTL group, the enalapril group and the AS-IV+enalapril group. The CTL group, the enalapril group and
the AS-IV+enalapril group were subjected to left anterior descending coronary artery ligation as AMI model. Mice in the enalapril group
(enalapril 7.5 mg/kg) and the AS-TV +enalapril group (AS+IV 10 mg/kg + enalapril 7.5 mg/kg) were treated with the corresponding
medicine, respectively. Echocardiography was applied to measure cardiac function 2 weeks later. Pathological changes of heart were
studied by HE staining. CD31/ VEGFR3 double immunofluorescent staining were used to observe the density of vessels and
angiogenesis. Results: Compared to the CTL group, the cardiac function was significantly improved in the enalapril group and the AS-
[V+enalapril group, especially the latter one. Compared to the CTL group, there was significantly more angiogenesis to be observed in
the peri- infarction region of the enalapril group and the AS-1V+enalapril group. This effect was better in the AS-IV+enalapril group.
Conclusion: Astragaloside-IV combined with enalapril can effectively improve the cardiac function of mice after myocardial infarction
and promote the regeneration of blood vessels in the peri-infarction region.
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Figure 1 Cardiac morphology in different groups after treatment for 2 weeks (HE, x400)
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Figure 2 CD31" Vascular density of different regions in different groups after treatment for 2 weeks(x200)

VEGFR3"*/CD31'
A (%)
e} N

e 3 3

4 *

O iR iR
N 2 AL 5 X
I N
< \& w0 Q‘x
<P A

A:Sham 41 ; B: CTL 41 ; C: Enalapril 41 ; D : AS-1V+Enalapril 41 ; E: 2 J&J5 4541 VEGFR3 F1 CD31 AU A1 #7 2E 10L& 5 145 B8 el , 5
Sham ZH HLAE, P < 0.05; 5 CTLA L4, *P < 0.015 5 Enalapril 4 H#8,%P < 0.05(n=6)
B3 4772 AR&E VEGFR3H CD31 & 0 S W4 2 (x200)
Figure 3 VEGFR3 and CD31 double staining marker in different groups after treatment for 2 weeks (x200)



38 EH T
201847 A

MR, AR, T, A T IS RTIB S R AT /N R A LR SE S O S BE T ).
B BRI E AR (B SRBR2E M) ,2018,38(7) :945-949, 1000 + 949 -

Enalapril, BETEWFSR S5 RARIR AS-1V A S8 figk il i/ F-

TR, B AT AU 107 98, 490 ) A6 2 - A R i

A N B2 BAE T AS-1V BX4 Enalapril £7-7E P[]

YR
AWFFEIL WSS T 1A 25000/ BT A8 A

K MO A I BGEEE R . GO NSRS , OB 2 X

B A 23980 AR A DR RERT X 5 R AN

MIBE T, S 200 LA W46 2 BE R 5 A0 % EE A

I ZESEMAL O I RE o T DR AP I A8 B AR 10 A

Az 1 T3 S O S X I BERE A 55BH X —

AR, DA IG5 T | A A B JUL AT 0 0 UL B

AE, /DY IR SO E BT, CD31 S A A

PN B 20 B B R S PR AR T A5 P CD31 f g

PNt WL BN TERRFE o0 X 25 2 145 5 B b 3%

WD, £ A Z A TC I 22 5 25 BT O e Ut

DX AR R B . MIZEAE A 21X, 5 CTL 4

AH L , Enalapril 241 (1) 1145 %5 B2 FF 1 , AS-1V +Enalapril

2H 1ML %% 1 B 8 5 T Enalapril 21 , 3X $#& 7K~ Enalapril

IGYT AT LAOR PP E I 2% DX INLAE % B, A R Tl 4 IX.

S5t AL AL L 4 o 9 3 i INAE B DX, T B

AS-IV AT J5i# Enalapril F1EFH
2538 v O BURE BE i 2% IXC i A8 9% T2 114 ]

e N ORI BEA 19 a5 s @102 & 8 A4 i A%

FHRZE AS-1V+Enalapril B¢ X 10857 A4 B9 5200, A7

W5 R VEGFR3 G 5 ehRic. VEGFR3 7EIfL

AR R SRR TE R A A N A T Rk

VEGFR3 HAKZ 1A CD31 A L4 1T LA WT 4 2 1

2 VEGFR3"™/ CD31™ SR e 58 e e

CTL 2115 Sham 41HH HEREAE 1 5 X IfiLAE W] St i/, S

MG Z . Enalapril HAEFEIE 2% X 8 CTLHA

A S8 0 I A B, B AS-TV 2H 8 AR I A A FH G 58

SR Enalapril 1657 AT GEEARAE 1 S i 1X i A

B IS AR et ok i 3t , AS-1V 35t AR, A Bl

TOE O WUER I, O T RE Y,

25 R, B SRS R AT LAGE O
WURESE IS /NSO D RE , FTRE S edE O WUARESEI L 2% X
MAEHTHEA G, BARSFOLRAA R — 25
(&% k]

[1] Thygesen K, Alpert JS, White HD, et al. Universal defini-
tion of myocardial infarction [J]. Eur Heart J, 2007, 28
(20):2525-2538

[2] Ahn A, Frishman WH, Gutwein A, et al. Therapeutic an-

giogenesis: a new treatment approach for ischemic heart

disease: part 1[J]. Cardiol Rev,2008,16(4):163-171

[3] Potente M, Gerhardt H, Carmeliet P. Basic and therapeu-
tic aspects of angiogenesis [J]. Cell, 2011, 146(6) : 873—
887

[4] Boodhwani M, Sodha NR, Laham RJ, et al. The future of
therapeutic myocardial angiogenesis [J]. Shock, 2006, 26
(4):332-341

[5] 4 ¥ 2% ST Bt 200 U SE 12 W RLA 77 45 me
[J]. AR AR AL RS, 2015, 43(5) : 675-690

(6] 5k i, B BUHR, 5. BRIAE AR 1L AMI
BB I3 CRP BNP K- U D RE 2 [ ].
BEMEG 24,2014, 13(5) : 460-462

[7] Yang Y, Chin A, Zhang L, et al. The role of traditional
Chinese Medicines in osteogenesis and angiogenesis [J].
Phytother Res,2014, 28(1):1-8

[8] RenS, Zhang H, Mu Y, et al. Pharmacological effects of
aAstragaloside 1V: a literature review [J]. J Tradit Chin
Med,2013,33(3):413-416

[9] Tu L, Pan CS, Wei XH, et al. Astragaloside 1V protects
heart from ischemia and reperfusion injury via energy reg-
ulation mechanisms [ J]. Microcirculation, 2013, 20(8) :
736-747

[10] Cheng S, Yu P, Yang L, et al. Astragaloside IV enhances
cardioprotection of remote ischemic conditioning after
acute myocardial infarction in rats [J]. Am J Transl Res,
2016,8(11) :4657-4669

CLL] ASPRMOE , bbb, A 5, 55 ARAIRE 0/ B LA ZE
J& Th1/Th2 Treg/Th17 IR AEFH [T]. A R4,
2014,14(8) :1000-1004

[12] Han XH, Liu P, Zhang YY, et al. Astragaloside IV regu-
lates expression of ATP-sensitive potassium channel sub-
units after ischemia-reperfusion in rat ventricular cardio-
myocytes[ﬂ. J Tradit Chin Med,2011,31(4):321-326

(13 ] WHREAE, ) 5. 55 0 33 R RO LR A
TR [T ], PR R R 2515 B A, 2014, 21(1) : 40—
4

[14] Hu T, Fei Z, Wei N. Chemosensitive effects of astragalo-
side IV in osteosarcoma cells via induction of apoptosis
and regulation of caspase - dependent Fas/Fasl. signaling
[J]. Pharmacol Rep,2017,69(6):1159-1164

[15] Chen X, Peng LH,Li N, et al. The healing and anti-scar ef-
fects of astragaloside IV on the wound repair in vitro and
in vivo[ J]. J Ethnopharmacol ,2012,139(3) : 721-727

[16] Yang J, Wang HX,Zhang Y] , et al. Astragaloside IV atten-
uates inflammatory cytokines by inhibiting TLR4/NF - kB
signaling pathway in isoproterenol-induced myocardial hy-
pertrophy [J1.J Ethnopharmacol, 2013, 150 (3) : 1062~
1070

(17] ribom , ok [, U 05, 45, B R X8 k0 ) g

(T 44 1000 7 )



-1000 - Moo

NI N

ERREST |
20184E7 H

VB KU A [ 5 B, A AT U TE R 55 BV
FL B0, RIG ISR D FER R . BT Wiltse A
BEFARET R, A/ XA B e s SRR e M
eI, R R TR R S B, (AR JS 1 S I Tl 4
T RERAEARA T SR 1y XU , 9/ T AR B ]
Wiltse Afg T ARH WA ZE RS BEH
JE Wiltse [H] B T AR MR AT Y OCHE , i T2 2401
TEMIERSA T8 BT R B4 T 7 2R R], PR e 1)
PRI LT VEAR N IR, FE RIS A T, Wiltse [H]
PR AR fS I 2, PR ) AT AR N S R R 2
MAE NS, Z WU SN EAT , AT HUS 1E 2559
3~d em™, T LAAR T MR 526 B0 AL R] B o7 1 &8
KH S, YIHKEE s B AR 4 e R/ N e, —
Je LA e BT AE S B, B 11 38 1R 45— 1T B R
ST, X RE RE R B A - R 8 R, S i R A A
NS AP L R Ak 5 N =& 5 S B N
ZBRRESE , S AR 5 S IR IR, HIE AN
FEJEAE AR TR AR J5 T RE AR S 5 ma /N o T
2 i Ie (= AU AETR] FLINE 07 5 B p 22 AR A A
ZEARIRAMEN] AL, I BRAE] L N g, R Bsf v R
PR S . SRR VR 2 e R AL
ArERA A PRI AR 48 52 18 G0k I i 83 R
INJ A AR AT ARERAE , DL B 5t
(5% 30K ]
[1] Watkins MB. Posterolateral fusion of the lumbar and lum-
bosacral spine[J]. J Bone Joint Surg Am, 1953,35A(4)
1014
[2] Wiltse LL, Bateman JG, Hutchinson RH, et al. The para-

spinal sacrospinalis - splitting approach to the lumbar
spine.[]]. J Bone Joint Surg Am, 1968,50(5):919-926

[3] Xz, sk g, )8 58 Wilise AFSAE TR
THRIRLHLT ] JRff AR 2%, 2015, 24(4) :453-457

(4] R BHRRZE SR, A% PRI S AR M ARAE % 1] il
A AR 2 2L s 0 BRBIESE [0 . ob B4
2013,26(9):735-740

[5] JeiE=s, efbam, AR, . Wiltse A BRI H 7 B
JEEAE B I oxt Z2 L2 i AT ST L)L v AR Rk R Ak
2016,36(2):72-80

[6] Olivier E,Beldame J, Ould SM, et al. Comparison between
one midline cutaneous incision and two lateral incisions
in the lumbar paraspinal approach by Wiltse: a cadaver
study[]} . Surg Radiol Anat,2006,28(5) :494-497

[7] AR, X7, #5%M. Wiltse ZHE 55 WLV BB IR
I AR B P R RO () ] LR 2016,
22(11):1015-1018

(8] Z= g, Jyypas MG, 55, /NI LB B A B TETR YT
[ e BRI L) ). P o B RS, 2013,
21(8):18-20

(9] J™IHHL, SRAH BB E 5 AR GR IETh ARG S Wiltse
A BRI I BB AT i e L) . B AEAMER AR 2014,
12(4):231-234

[10] Ulutas M, Yaldiz C, Seger M, et al. Comparison of Wiltse
and classical methods in surgery of lumbar spinal stenosis
and spondylolisthesis [J]. Neurol Neurochir Pol, 2015, 49
(4):251-257

[0 ] HTRE, SAobk, BCBAR , 45, b BN Wiltse HES2 LI R
A SIS GIR [1]. oh E AP TR, 2014, 18
(22):3504-3509

[KFmE#] 2018-03-07

B e S e e aEa S i o S mCa ST S S e St S e S e ST LS O

(4% 949 )
RO WLET AL AN ZES 4 2H 2V A R - Rk RS2 e [T .
FEER AR, 2016,31(2) :165-169

(18] Bk st *B A, K EM, 4. B H0. FITECR B
O WU Z KA 3 ) i VR T S LRI 5E [ ). o
[ 224247, 2014,49(17) : 1519-1523

[19] Oostendorp M, Douma K, Wagenaar A, et al. Molecular
magnetic resonance imaging of myocardial angiogenesis
after acute myocardial infarction [J]. Circulation, 2010,
121(6) :775-783

[20] Lertkiatmongkol P, Liao D, Mei H, et al. Endothelial func-
tions of platelet/endothelial cell adhesion molecule -1

(CD31)[J]. Cur Opin Hematol ,2016,23(3) :253-259

[21] Zarkada G, Heinolainen K, Makinen T, et al. VEGFR3
does not sustain retinal angiogenesis without VEGFR2
[J]. Proc Natl Acad Sci USA,2015,112(3):761-766

[22] Olsson AK, Dimberg A, Kreuger J, et al. VEGF receptor
signalling-in control of vascular function [J]. Nat Rev Mol
Cell Biol,2006,7(5) :359-371

[23] Talman V,Ruskoaho H. Cardiac fibrosis in myocardial in-
farction—from repair and remodeling to regeneration [J].
Cell Tissue Res,2016,365(3) :563-581

[24] Zhang Y,Hu G, Li S, et al. Pro-angiogenic activity of as-
tragaloside IV in HUVECs in vitro and zebrafish in vitro
[J]. Mol Med Rep,2012,5(3):805-811

[WFmBHA] 2018-03-15



