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Ginsenosides Rg, Regulates Isoproterenol-induced Myocardial

Ischemia Via PI3K/Akt/eNOS Signaling Pathway

LENG Xue® , ZANG An-yuan, LI Qi-fang
(Key Laboratory of Ministry of Education for Trandistional Chinese Medicine ( TCM) Viscera-State Theory and
Applications, Liaoning University of TCM , Shenyang 110847, China)

[ Abstract | Objective: To investigate the effects of ginsenoside-Rg, pretreatment on the PI3K-Akt-eNOS
signaling pathway in the myocardium of rats with isoproterenol-induced acute myocardial ischemia. Method: SD rat
models of acute myocardial ischemia were established with isoproterenol. 50 rats were randomly divided into normal
control group, model group, puerarin group, Rg, high dose group (20 mg-kg ') and Rg, low dose group
(10 mg-kg ') . The blood flow on heart surface was observed by using Moor laser blood flow imaging system in all
groups ; the levels of creatine kinase (CK) , lactate dehydrogenase (LDH) and nitric oxide (NO) in rat serum and
the levels of superoxide dismutase (SOD), malondialdehyde ( MDA ) and glutathione peroxidase ( GSH-Px) in rat
myocardium were measured by ELISA assay; the mRNA expression level of eNOS in rat myocardium was detected

by Real-time PCR; and the protein expression levels of PI3K, Akt and p-Akt in rat myocardium were detected by
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Western blot. Result: As compared with the normal group, average blood flow on heart surface was significantly
reduced in model group, with decreased NO level and increased CK and LDH levels in serum; their myocardial
MDA level was increased; GSH-Px level was reduced; eNOS mRNA level was significantly decreased and the
protein expression of PI3K/Akt pathway was reduced (P <0.05, P <0.01). As compared with the model group,
blood flow on heart surface was significantly increased in the ginsenosides Rg, high-dose group and low dose group;
NO level was increased, whereas the levels of CK and LDH in serum were decreased; the myocardial MDA level
was reduced and the GSH-Px level was increased; the mRNA expression of eNOS was increased and the protein
expression levels of PI3K expression/Akt pathway were increased (P < 0.05, P < 0.01). Conclusion:

Ginsenoside-Rg, can improve the heart condition in rats with acute myocardial ischemia through regulating PI3K-

Akt-eNOS signaling pathway to prevent and treat cardiovascular disease.
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Table 1 Primer sequence

He N 4 R Bk B IE /bp
eNOS U5 5'-TTTGATGCTCGGGACTGC-3' 84
T 5'-ATTGCCTCGGTTTGTTGC-3'
B-actin _E ¥ 5'-CCACTGCCGCATCCTCTT-3" 89

T 5'-GCATCGGAACCGCTCATT-3’
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(20 mg-kg ') 41 (Rg,-H) , A2 B 1F Rg, K5 &4
(10 mg-kg ') 41 (Rg,-L) o 4% 41316 s i S 45 24
(10 mL-kg "k ) , IE % 41 BERILH 2 ) 45 T & &
o BER K . LTS5 d, B R 1K, FEATE
ISR 4 RAEE 5 K BRIER A, KR & A iES: 2 Ik
B R Z SE S 4T 1S0(30 mg-kg ') L IER A4 T
SEE AR K 4 2B O 10 mL-kg T AR,
2.2 Moor ¥ 6 Il i S8 96 AR I ALK IR 45 24
10 minf& , BEALI 4 5, 10% /K4 4% 3 mL-kg '
I SR RR T, A MO [ 22, RIS 5 min, B T 5 2H
TN TERA IO, KRS A T 2 A
IS0, F Moor O #OBE HEAT 0 JIE 2 T S0 PR 4 4, i
SRS 3 min J50 ER I 30 s P8O if 745 ¢
2.3 [ iEACHE S NO,LDH,CK & &I M
HHRM 6 KRR, 4525 30 min J5, £ 3 3 Ik i
1L, % & 20 min J5§ 3 000 r-min ' & .0 25 min, 4> 5
MLTH ¥ AR TF, 4% ELISA 32t 70 & 3 B &6 I AH 56
T,

2.4 WA IERM SOD,MDA,GSH & & 1t
FHAE BEER ACRE O LA 251 3, i 450 10% 0 LA 2K
W, AR5 Hie B ELISA 35500 &5 ud B 45, 49 0 18 3 A 1
FL XS BRAL o A o pth 2 53 1 4

2.5 eNOS mRNA FKikAylE  SCU0 4 o m B 4l
KRGO WLALZL, F RNAiso Plus 271 & $2 BOL L4 21
AL RNA R 45 : SE R 41 DNA & [k B 42 C,
2 min; & RNA %5 W 37 °C,15 min;85 °C,5 s
M4 RNA PCR "8 7 )i 95 °C 2 min,95 C 30 5,60 C
30 5,25 wL K FR (40 AN ) o WG BE M 2 7 vk K
I eNOS mRNA ¥ BE FI4fiiE . R AAC, {EXT Real-
time PCR 45 5 147 AH % 5 40 7 o

2.6 Western blot filll PI3K, Akt,p-Akt 25 H £ ik
S 25 HRUE B 2K UG AL 2, FREL 100 mg it A
PRSI MA MW 1 mL(EARMHS
PMSF FL%1 2k 1002 1), 78 VK & 78 50 AF S 5 A 31 35074
L.S5mL EHEE L& T4 C,12 000 r+min " & .0
10 min, B F 3 s BCA 370 &0 2 W, R A8
PEJE Bl EAE 20 L, IS FE 3 h, —HiiF A1 h

Ja 4 CH g, W H 9t E 1 h 5, W& i A ECL
KW W6 30 min, FH ER G 0 BT 4528, H Y
EHSNZ B-MLsh & 1 (B-actin) 4 19 K BE (A T
5, PR LI #

2.7 Geiteardr R SPSS 19.0 GEit A AR AT
AT T EBORIE R & x5 R, Z 4L HECR
HRZ Ty 225007, F K3, LA P <0. 05 2 22 A 4o it
3 #R

3.1 2O LR I DR B JUE 3 THT - 2 i 3 9
EAREN 5O AR, R 2 R R L 2 i
i AR (P <0.01) s SR RL A AL, PU LA
Rg,-H A {2 3% 2 @ 0 LF 29 a3t i (P < 0.01),
Rg, -LA WA 3 m a3 (P <0.05) . W& 1,

x1 ASEH Ry WAMOCHBROKROEREFEHORETS
BRI (% £5,n=6)

Table 1  Effect of ginsenosides Rg, on average amount of blood
flow perfusion cardiac surface in acute myocardial ischemia of rats

(x+s,n=6)

215 F 4t/ mg-kg ™! Ao I 2 18 SF 359 0t 35 VE 7 4/ PU

EH - 641.50 +32. 61

Hi Y - 282.80 +23. 84"
PU 15 578.95 +40. 42%
Rg, -H 20 699. 75 +16. 45%
Rg, -L 10 418. 00 +19. 40%

FESIERA D P <0.01; SHMA LR P <0.05,” P <
0.01(F3 ).

3.2 X A0 BB K B NO, CK, LDH /K
s 5IER A i, ALK Bl CK, LDH /K
Pt NO E A (P <0.05,P <0.01) ; 5%
Y, PU 20 & Rg,-H £ 7] i % F# ik CK, LDH /K
F-(P<0.05,P<0.01) 3% NO & & (P<0.05,
P <0.01);Rg,-L 4 CK /KR & (P <0.01),
W2,

3.3 Xf2adk.o WLk i K B0 IL SOD, MDA, GSH-Px
KR E M 5 OE R A A, AR AR 2 K BLC L MDA
K4 £ (P <0.01), GSH-Px /K FE AL (P <
0.01) ; 5HEAIZ 4, Rg,-H 41 F1 Rg,-L 41 MDA %
EEMKEE(P<0.05,P<0.01),PU 4 F1 Rg,-H4H
GSH-Px 2KV F+ & 3 (P <0.05,P <0.01); ik
A, 45 1R BLD AL 2 SOD K F 1 2% S BG4 i
FE (H AR A # # W] GSH-Px 7K F By 728 b — 2,
W3,
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%2 AZEH Rg WEMOAERMARME NO,CK,LDH K FHEM(x+s,n=6)
Table 2 Effect of ginsenosides Rg, on NO,CK,LDH levels in acute myocardial ischemia of rats(x +s,n=6)

25 4 F 4k /mg-kg ™" LDH/U-mL ™' CK/U-mL ™" NO/wmol - L~

E# - 161. 48 £10.97 120. 63 9. 05 185. 67 £33.71

el - 202.37 £32.51" 262.92 +29. 83% 50. 62 £30.71%

PU 15 159. 90 +3.76% 119. 61 =15.37% 110. 69 =21.19%

Rg,-H 20 166.29 +7. 88 111.87 +8.11% 109. 74 +7.96%

Rg, -L 10 189. 45 £26. 89 124. 92 +44.08% 50.95 +21. 05

S ERALEY P <0.05,2P<0.01; SEE L LY P <0.05," P<0.01,

%3 ASEH Rg, MEMOHE DK R OH MDA,SOD,GSH-Px 7k E R B0 (5 +5,n=6)

Table 3 Effect of ginsenosides Rg; on MDA ,SOD, GSH-Px levels of myocardium in acute myocardial ischemia of rats(x +s,n=6)

21 5 Flx/mg-kg ™! MDA/ pmol - g~ SOD/U-mL " GSH-Px/U-mg ™"
E¥ - 226.31 +38.75 375.82 +57.52 131. 18 +23. 46
T - 521.39 +48.92" 195.91 £11.32 114.22 +6. 63"
PU 15 417.48 £75. 94 247.98 £19. 11 143. 87 £15. 052
Rg,-H 20 242.89 £61.29% 240.58 +32.55 155.39 +9.32%
Rg,-L 10 230.69 = 11. 65% 266. 22 +25.36 131. 18 +23. 46

3.4 %Atk WUk Ik BUG L eNOS mRNA 3 54
S 5O R 4 bR, B AL ZH 0 WL eNOS mRNA
Fim AR (P <0.01) ; SRIA A [LEL, PU 4L
Rg,-H 210 Il eNOS mRNA 5 45 i 3 1 i (P <
0.01), W#E4,

*4 ASEH Rz WEMOAERMI KRS eNOS mRNA Rk
M (x+s,n=6)

Table 4 Effect of ginsenosides Rg, on eNOS mRNA expression in

acute myocardial ischemia of rats(x +s,n=6)

20 7)) F) 4/ mg-kg ™' eNOS
EH# - 1.00 +0. 00
LA - 0.37 £0.02"
PU 15 0.70 +0.05%
Rg,-H 20 0.83 £0.09%
Rg, -L 10 0.46 £0. 11

S ERALK P <0.01; SHBAHLED P <0.01(£S
).
3.5 X2k WUk K B L PIBK, p-Akt/ Akt 2§
IR BRI 5 IE W 4 b, AR 20 21 K R0 L
Y PI3K i 3R 38 K Akt 25 1B R 1k 7K F W 4l U
(P <0.01) ; SHIAILH b, Re, -H 21 0] D) I 3 4t
P& 0 LA 41 PI3K 2 [ 3R e Akt 2 IR fk K
F(P<0.01), WK 1,%5,
4 itig
ANZREREEGSENh Mz — HAEGRZH
PR AT B A Z M il B4 R
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PIK oy A W S 85 kDa

ﬂ_ actin 43 kDa

p-Akt 60 kDa

AKt  WE— 0 kDa
A B C D E

A TE# 4B, #i4;C. PU 4H;D. Rgl-H 41;F. R, -L 41

E1 £AKROM PBK,Akt,P-Akt EHHFE

Fig.1 Expression of PI3K, Akt,p-Akt protein

x5 AZEFH Rg X2 OME MK RO PI3K, p-Akt/Akt &

BRIZHEM(x+s5,n=6)
Table 5 Effect of ginsenosides Rg, on PI3K, p-Akt/Akt expression

in acute myocardial ischemia of rats(x +s,n=6)

28 51 H 4/ mg-kg ™! PI3K/B-actin p-Akt/ Akt
E# - 0.13 +0.01 6.62 =0. 46
A - 0.05 +0.01" 2.84 +0.38"
PU 15 0.10 0. 01% 5.99 0. 64
Rg,-H 20 0.11 £0.01% 9.18 £0.51%
Rg,-L 10 0.07 +0. 00 8.26 +0.57%

R 2R NS BEH XN EE WM
G4y, ERT O Bk R R ) 30 2R A
B Rgy, BRASTREEMIGER S Z —, &
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