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Inhibition of astragaloside IV against isoproterenol-induced myocardial hypertrophy
in neonatal rats and its mechanism
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Abstract: Objective To investigate the protective effect of astragaloside IV (As IV) on myocardial hypertrophy induced by
isoproterenol (ISO) and its mechanism. Methods The primary cultures of neonatal rat cardiac myocytes were cultured for 48 h in
vitro. The cardiac myocytes were treated with As IV, IkBa phosphorylation inhibitor BAY 11-7082, and B-blockers Propranolol for 30
min, followed by 48 h incubation with ISO 10 umol/L. The cardiomyocyte volume was measured by computer photograph analysis
system. Total protein contents were assayed by the method of Bradford. RT-PCR was used to quantify the mRNA expression of ANP
and TLR4; Western blotting was used to quantify the expression of TLR4, p65, and IkBa proteins; ELISA was used to quantify TNF-a
and IL-6. Results Compared with the control group, the cell size, total protein content, ANP and TLR4 mRNA, TLR4, p65, TNF-a
and IL-6 were increased, and expression of IkBa protein was decreased in ISO group (P < 0.01). As IV, BAY11-7082, and Propranolol
could remarkably down-regulate the over-expression of the cell size, total protein content, ANP and TLR4 mRNA, TLR4, p65, TNF-a, and
IL-6, and increase the expression of IkBa protein (P < 0.05). Conclusion As IV has the protective effect on cardiac hypertrophy induced
by ISO, which is partially referring to inhibiting the TLR4/NF-«B signaling pathway and more than attenuating inflammatory effect.

Key words: astragaloside IV; isoproterenol; myocardial hypertrophy; inflammatory reaction; TLR4/NF-«kB signaling pathway
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WFER - (TNF-00 FE4HE/25-6 (IL-6) KA
o, R bR S R T -xB (NF-xB) [ IE . Toll
FEZAK 4 (TLR4) @NFRAEGF T HEZ A, {E
DL RS WATAE,  HATO M B R AR
JiE R VAR AR . TLR4 HIT5E4L A NF-xB
(Ve ik s, B 5 Il — R 5 SO R TR s,
DA B AHEN TLR4/NF-xB 17 5 1% ‘338 2% 42 3 Z0 0 U
JEI— 4 HBIRAT .

W T (astragaloside IV) &M BB H 40 &
BN —FP 2 RUAEY), MOMmE RERAT 2
MZTEAE, Reg R OISR T, SR L RS =
AR, AL AL RO LA I T, FEX SN
B ERE (1S0) S AL ERLO IR R 1
FHB, w R B, 3 P O LA K P £
P A gRE S miAT 6 EAT 6 1S0 B S
DL PR IE KA 340E TLR4, # R
FHIWT TLR4/NF-«B {55 5 38 5 LR 3 Co UL AIF T 0 5 D
RiE . ARSI E AN TR O LN B, SR
EEHF X 1SO 5 3 (1O JULIE RN 98 R Js2 Y. 1) 56 1
PRI AL UIE K 7 - A 5 TLR4/ NF-«xB
ERBliZIOP
1
1.1 ZA@FNiKF

BT OB TR0 20>98%), BUHR FREHS
EYREAERA A, #it'5 120802; 1SO (ft*
BCBF4079V). 2583 /k (Hib%5 101181527) [t
PP, “HFEET (DMSO). BEE (I, Kk
DMEM K753, Sigma /A+]; TNF-a. IL-6 ELISA
A&, R&D Al BB+ «B #MflHEE o (IkBa)
PHIT A BAY 11-7082, VLIRE 2 RADE AW
TLR4 —di. IkBa —Hi, JbnUERAYH AL R
NHEl; p65 —Hi, K[H Proteintech Group A a]; /)
A:1M3%, Hyclone 22 7]; Trizol ik7). RT-PCR &5
& AR EY), KEEREDAF; HALRHY
= oy A4
12 #Y

HA 1~3d 1) SD KEUFLI, HEREFA, il
TR RS SR LA, VRRTHIE'S SCXK (1)
2003-0007
1.3 %8

ARG, T8 R B b ARG CO,
4, 3€[E Sheldon Manufacturing Inc ‘A #]; 79—1
e ST I FE 2%, VLA axdnh KA s TDL—4 Y

0L, R R AER ) DNM—9602G 1
FRATA AL BB RARA BR A wl s (51 E AN ZE
WL, [ Leica 22+,
2 HiE
2.1 ‘RpREESF

SD LA TC w4 AT A EL O IE, D-hanks
WP, BOLENL, BT 1 mm® (R, B 0.8
g/L BB IR, 37 Clrammib, BN 0
R4, oA 15%/ s . 84%DMEM £ 774k
1%1 & BT (30 mg/L 5 %% %, 100 mg/L #E8 5)
(MREFREL, WATIIA) G, R 22 R IR T VA3
QAL L, R S P A S B, T 5%
COy. 37 CIUF AR TR,
22 HHAE5%Y

DULAN R RS 48 h )5, N 0.04% /)
A I B IR EE, DLBE G I3 o) %o Szt 45 L AR
Sy, SEEGHLr K 8 41 WAL, Bl (ISO 10
umol/L), BAY11-7082 (5 pumol/L) 41, ISO (10
umol/L) +BAY11-7082 (5 umol/L) 41, ISO (10
umol/L) ¥ K. . mkfE (3. 10, 30
umol/L) 2, ISO (10 pmol/L) + 5% /K (2 umol/L)
4. R H R BAY 11-7082 ] DMSO Wi 45 44k
T 0.1%, oAb 29 F JC B 28R K I ik . 545
A oy h T AN 25, BRZE D N [R] A RR
DMSO, & A 1E 30 min, HIA ISO /H 48 h
Ja AT 5 TR bR B E
23 EDHREINECINARSEANE

B “2.27 TN S 4LACF R A, 75 BisE W,
FH D-hank’s #3#PE 3 3, HIA 0.3 mol/L NaOH 0.5
mL, 1100 ‘CZY# 30 min. HHEIHE, BEFL40M%L
Zihy 5X10° A, SR D e iR e MR A 1.
2.4 ORNZRARIRFR RSN E

I “2.27 Wi N A AAF R, 75 LR,
TR R 2200 (PBS) R e K3 40 i 1 235 9%
L3 %, BN 0.1 g/L il 0.3 mL, A 37 C
TERA T 10 min, LA 0.1 g/L /NI
IREFRIE 0.2 mL DLZE 1 A0 o S R ICER (1) 40 By
AN EN (AR RS — e a5 3, B
1RO LA B EE D, B1E R TS (X400) 4
WLT-23KE . RRAIREHLIEI 4 DMLEF, RS
20 AN0A, DAVFEAL CIAS KfE i a5 5 bt
RGN ERA M EAE, FHERARL2 X540 i
AR .
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2.5 RT-PCR ;£#&1 ANP #0 TLR4 EFE IR IE

FHA0 AR JIHIR “2.27 0 5441 A #5410
PBS M, B0 a5 B, WRDTIER 40, —80 C
VKAV A5 FH o Trizol VAF2HCO LN LR RNA, 48
NG EE TR 260, 280 nm ARG REE (A 1,
I E RNA 4iE AR . B2 1 pg 5 RNA
AT S o Wik 4 F: 30 'C, 10 min; 42 C,
30 min; 95 ‘C, 5 min. Ul GAPDH AN S, 5]
V)6 B K S A A ) 58 . GAPDH 514741
1E 1] 5°-AATGCATCCTGCCACCACCAACTGC-3,
K11 5°-GGAGGCCATGTAGTAGGCCATGAGGTC-
3, PP 550 bp; OMAIK (ANP) 5IHF
%): 1EI 5-GGGCTCCTTCTCCATCAC-3, K If
5-CCCTCAGTTTGCTTTTCA-3>, 4" 8 /=4 K Ji
344 bp; TLR4 51¥)/741: 1EM 5°-CTATCATCAGT-
GTATCGGTG-3’, x|} 5’-CAGTCCTCATTCTGGC-
TC-3, FHP= YKL 186 bp. Wil & ki
cDNA (1 pL) 4T PCR #74%. PCR %45 fF: ANP,
94 C. 455, 55 ‘C. 50s, 72 ‘C. 75s; TLR4,
94 °C. 30s, 57 C. 30s, 72 C. 1 min. 3 10 pL
SN =T 1.5% I IE Rl e R FEdk, FRVKES S
B TR G R BT INEE, HBRE G T R4
BAEXE RT-PCR P~ LK 4545 BEAT 3% FE 2 i, LA
GAPDH MW ZHEH, Hifis GAPDH. ANP. TLR4
LA, 5 ANP. TLR4 ARG £k,
2.6 Western blotting ;%420 AL4HAE TLR4.p65.
IxkBo EARIE

] “2.57 TR 5 i AEAN i, —80 CHA & H .
FEIAES NN 100 pL RIPA 245, 8 A AR
I e (UK B#EAED, Rk 10s, L3Ik, UK ik
B 30 min, 4 ‘C. 12 000X g &0 20 min, $2H E
. BCA VB AME, 78 LA &M T
T A2 R R RE 38 IR, #h DA FE 2
WA AR 80 uL, JIN 100 L Y58 i Je v &
4 min. FERE LFEHEAT SDS-SR MG BRI 90 V H
FEHLK, W% Marker B ANT5 0L, G2 EHLIK.
THHGE S SRR RN, B, o, #%
RO I AFDOS 237 U )RS 20 T 12 600 ikt
T B TLR4. p65. IxkBo — P, 4 CH%
R, VERESBIEVE R NN 1 11000 AR BT,
PR 258 1h, YElEE, ECL W th, A,
LA B-actin AR, FHHbREAT 5 N ARIIRL WO
LAl %78 TLRA. p65. IkBa (RIAHR&IE KT

2.7 ELISA AN ZABaSMN& TNF-a 0 IL-6 BI=

FETCH 4 F N4 ELISA 5 & Ut B kAT
B, K ETRA & T 20~25 CFAG. B 96 fL
SNAG 43 NN 50 uL bRdE s 414525 48 h )
(1) _E3E 40 pl T AL, WRE 10 L PrikEfy
TRESFL, 37 CWEAE 1 h, Bk, YEMR 3 Ik,
IMAREAHE Ay B, EEFFH 10 min, BEALIMAZ
1. A A S BEAR ORI 450 nm PEKAE A, 4
AR AE Rl 2R, PGS AE S A (A PRV ih 2 A 19
TNF-a. IL-6 AHW )5,
2.8 HiEALE

HPIILLX £ £ox, KH SPSS 16.0 Fivl # it
(R BR80T 2250 BT AN LSD VEREA TG 12400 #
3 #R
3.1 X ISO BAL K CARAATRFI R EE 2RI

L550F BRAT b L, B 2K RO LA AR 6K
81.33%, i A ENEIN 49.67% (P<0.01), 5
M L, 1ISO+3{EEH T (34 10, 30 umol/L) 41+
ISO+ 2515 IR 4. ISO+BAY11-7082 4 K B/ L
A AR 23 SR 5.62%125.90%.40.23%-41.09%.
35.96%, o\ A E S A 8.11% 23.27%.
31.02%. 32.38%. 28.56% (P<C0.05. 0.01), BAY
11-7082 X A B IE 55 Lo UL AN B PR R B 1 1 1 G5
Wi, H AT 1SO 3 SUr oK LA AR R R
BN (P<0.01). 48R WK 1.

*1 HEEREXISO X CAMBARIIERD S
(X+£5s)
Table 1 Effects of As IV on cell size and protein content
of myocardial hypertrophy in neonatal rats
induced by ISO (X £5S)

- C/i1 éﬁﬂ)j@leﬁﬂ/ p¥i-d= i
(mmolL™) pm’(n=380) pg(n=10)

of I —  1216+152 1820%1.52
i —  2205+187" 2724+1.77"
ISO+BAY 11-7082 5 1412+141% 19.46+1.857
BAY 11-7082 5 1202+114%* 18.07£1.59%*
ISO+ 3 3 2081+156° 25.03+1.83°
10 1634+143" 20.90+1.917

30 1318%+174" 18.794+1.97"

ISO+3 227 /K 2 1299£194" 18.4242.017

S AL TP<0.01; SHUMAILE: P<0.05 "P<0.01;
15 1SO+BAY 11-7082 #41H: ““P<0.01, %2, 3 [

P < 0.01 vs control group; “P <0.05 P <0.01 vs model group;
4P <0.01 vs ISO + BAY 11-7082 group, same as Tables 2 and 3
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3.2 X ISO BAEX/UALZHAE ANP E[EF1 TLR4 £
E & B RIERI S

Al B4R ROV fh ANP
FER &0k i 54.28% (P<<0.01). ML L4,
ISO+FEEEHTF (104 30) pmol/L 41, ISO+ 254
IR, ISO+BAY 11-7082 41K fL/CoUL4H il ANP it
RFEHE T (P<0.01). BAY 11-7082 X}k
IEF OV ANP JERIRIA T2,  Honl LA
ISO 5 F ML RCVLAH . ANP JEPRERIA Bl (P<
0.0, &K 1. &2

300 bp
400 bp
500 bp

1-%F# 2858 3.ISO+BAY11-7082 4-BAY11-7082

5-ISO+ W 3 pmolL™!  6-ISO+ I 10 pmol- L™
7-ISO+# TE T 30 pmol' L™ 8-ISO+342Z589% /K 2 pmol- L™, "FIE|[A)
I-control 2-model 3-ISO+BAY 11-7082 4-BAY 11-7082
5-ISO+As TV 3 pmol-'L™"  6-ISO+As IV 10 umol- L™

7-ISO+As IV 30 ymol-L™"  8-ISO+Propranolol 2 pmol-L™!, same

as below
1 EERE IS0 ALK CANZEA ANP B E R R F0T
Fig.1 Effects of As IV on ANP mRNA expression

in myocardial cells

F2 BEEHEEISO BUEK CAYAM ANP B ERIAR
M (x+s,n=10)
Table 2 Effects of As IV on ANP mRNA expression
in myocardial hypertrophy induced by ISO

(x+s,n=10)
Il C/ (umol-L ™" ANP

] B — 0.47940.019

it — 0.739+0.020"

ISO+BAY11-7082 5 0.57440.023"

BAY11-7082 5 0.484+0.018"

ISO+ I H Y 3 0.716+0.016
10 0.612+0.012%
30 0.50140.015%

ISO+ 4 Z5i% /K 2 0.495+0.019%

5 A e, 2 K RO L TLR4 LR
R ALTE D i 59.81%. 92.06%. SfkAIZH L
B, ISO+FEFTF (3. 10, 30 umol/L) 41, ISO+
WZEW IR . ISO+BAY11-7082 #H K i/ IL4H i

TLR4 FEF A (RIEV W~ (P<0.05. 0.01).
BAY11-7082 % K FAEH CULAN I TLR4 JE R Fil sk
FIZikJesgm, Haldiil 1S0 i35 5 i AR Ko L4 i
TLR4 FENAEAMEL (P<0.01). 455K 2.
%3,

TLR4

1 s - - 10

B

2 EREE ISO BEX LM TLR4 £H (A) 0
EH (B) RiEHI¥Mm
Fig. 2 Effects of As IV on TLR4 expression in myocardial
hypertrophy cells induced by ISO

* 3 EXFEX ISO HEXOCHMAE TLR4 RiZMI
(x£s,n=10)
Table 3 Effects of As IV on TLR4 expression in myocardial
hypertrophy induced by ISO (x+s,n=10)

M5l . TLR4 ¥R TLR4 & H
(umol-L 1)

Al —  0.5254+0.017 0.491+0.019
it — 0.83940.0217 0.94340.012"
ISO+BAY 11-7082 5 0.694%0.013 0.638+0.012%
BAY 11-7082 5 0.536+0.017"" 0.485+0.020""
ISO+# FE H 3 0.811+0.012° 0.927+0.011°
10 0.638+0.015" 0.743+0.020

30 0.537+0.018% 0.50340.012%

[SO+ 254K 2 0.546+0.016™ 0.498+0.008"

3.3 I ISO HALKLANLHAR IkBa FA p65 & E FKik
SREA)

B i, BRA KON kBa &
FRIE T 45.73%, p65 &1 L 91.70%. SR
HEILE, ISO+FEFT (34 105 30 pmol/L) 4.
ISO+ 25 IR 4L A1 ISO+BAY 11-7082 41 K fL /0o UL
k% IkBa RIS S EiF (P<0.05.0.01),
I p65 HAHRIELIHE N (P<0.05. 0.01). BAY
11-7082 % A O LA TkBa F p65 2 R IA TEHH
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WM, HAT LA 1SO i35S i B L UL 4H i TkBa
HAERIER NI p6s R AKER L (P<0.01).
W3, £4.

1 2 3 4 5 6 7 8

B T T S R ;5> 10°
T
pacin. A > 10

3 EEBRE ISO BAEXLCAMAE IxBa 1 p65 EAE
pey:apA
Fig. 3 Effects of As IV on IkBa and p65 protein expression
in myocardial hypertrophy cells induced by ISO

*4 HEXBEHEN IS0 BEX UMM IkBa F1 p65 EE R
EBIFM (x+s,n=10)
Table 4 Effects of As IV on IkBa and p65 protein expression
in myocardial hypertrophy induced by ISO

(x+s,n=10)
2 c/ 4 IxBa p65
(nmol-L )

Xt —  0.971£0.008 0.470%0.013

s —  0.527£0.010™ 0.90140.014™

ISO+BAY 11-7082 5 0.673£0.017" 0.567+0.022%

BAY 11-7082 5 0.968+£0.021°* 0.464+0.017**

ISO+3 I+ 3 0.554+0.024" 0.877£0.019"
10 0.638%0.019 0.71240.014%
30 0.951£0.021% 0.473£0.0117

ISO+E 25 /K 2 0.955+0.009" 0.47140.008"

3.4 FZRAESNE S TNF-o #0 IL-6 KBS0

55t R AL L, B 2K RO LAl B A R 26
SEPE 7 TNF-a. IL-6 KFHIE T E (P<0.01). 5
B2 L, 1SO+ 3 EEHF (104 30 pmol/L) 4.
ISO+ 251 R4 ISO+BAY 11-7082 2 W i FAI%
Oy UL B AN P TNF-a. IL-6 F7KF (P<<0.05.
0.01), Hrh i HH I/E S ARG, HILAE 30
pmol/L I (11 FH 5 B 15 5 289 JRAH M . BT 3
pmol/L X B i FEAIK TNF-o ZK-F (P<<0.01). #7538
B R B P R E N F TNF-as TL-6 [RERIE TR
P, g5 R WK S
4 g

OV UUAE JE VT 22 0o I 5098 1) 36 R AE 22—, 1
PERE JN A O JIE BT 5K T AN 4G O VIR JZ 5 B
BEHELENLR, RO (R COULRE B A e O R
FELL S E R ALOYEE I o A5 IE AR BN,

%5 BEPEXISOBMEXOLIAMINE S TNF-o F11L-6
KERIEM (x+s,n=5)
Table 5 Effects of As IV on TNF-o and IL-6 expression
in myocardial hypertrophy induced by ISO

(x+s,n=5)

ar cf N T
(umolL™) (gL
bagidl — 1784176  21.17+127
Ay —  7932+446" 27.08+244"
ISO-+BAY11-7082 5 46.08+2.40% 23.05+2.027
BAY 11-7082 5 18.83£1.97°* 21.07+1.38"
ISO+3{ KR+ 3 71.75+£4.19%  26.13£2.93
10 47.66+2.59 24.63+1.95™
30 20.71£1.75"** 22.624+2.08™
ISO+E 25K K 2 20.52+1.88"** 22.71£1.91"*

SRR TP<0.01: SEAILILE: P<0.05 "P<0.01:

55 ISO+BAY11-7082 4ltt#H: “P<0.05 ““P<0.01; 5 ISO+

FEEFF 3 pmol- L™ 41ELA: *P<0.05 *FP<0.01; 5 ISO+#

TEHTF 10 pmol- L™ 41 *P<0.05 **P<0.01

""P <0.01 vs control group; P <0.05 *P <0.01 vs model group

“P<0.05 ““P<0.01vsISO +BAY 11-7082 group

*P<0.05 “"P<0.01vsISO+As IV 3 umol-L™'group

*P<0.05 **P<0.01vs ISO+AsIV 10 umol-L 'group
RZ AN M RAEAS 5 WK S JORE R 71 FE R I 6 4k T
SPERPRAS, HAEOVURBEREOL R, 1X PR AT R
FFARER TGS, AL HAER T nsk, S0l
RANER ST Hedl o T I 0] NF-B 15 530 K ok
BB JAE SN, A EAA 875 1 O UL JE ek
DV TEM A ;3] TLRA/NF-xB {5 53 I g 43 20
LA JRLFE K B Ca UL YD 26 35 i 11

KSR AR KN], BIAYZR RO UL R AR

SV R SO UL JEHED] ANP (388 W] e E i
M 30 umol/L & TxBa 5 5 L FHLIET 7] BAY
11-7082 25 /R AT RO P A s, Hoxf
JULAR B IE R ) R 7 AR AT ZH DK B/ Co UL
TLR4 JEPRFIEE . p65 A MREHE Fil, kBa
HARIE MR S 30 pmol/L LK 254
JR+ BAY 11-7082 13 %4 TLR4 FEKIFIEE . p65
B IkBa H A RIAI AL . 3 F Ik AR EAH
I J7 AT A% b 0 O UL A A R RE BT
TNF-a. IL-6 [{73b. LLESEREN], e
W25 KA LA ISO 51 IkBo FRIFEAR, AT
%] TLR4/NF-xB 155 18 B F0800% ,  dEmiidgz oL
M EIRAE Y, $&7%F TLRA/NF-kB 15 53 i 1
S ] BESE B ] 1SO 155 3 i L4l R IE K
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