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(5 E] BB IFEE R 1V (astragaloside IV, As-IV ) IR B A/ S AT ECO AR ROBLE] . 773 « R Z2 U AL i 8
FEHAE SD R ERJEAONIANA , dEar Bag/ &2 FARA 5 K5 5720 LAN AR _L 375 O WU AR FR 5 Y0 LR 14 B 7] T ( creatine kinase,
CK-MB) &4, #:0 LA I L3 45 ATP fif§ (sarcoplasmic reticulum Ca>-ATPase, SERCA2a) i1 \Real-Time PCR ¥l & PKA
1AL B84 o(PKA C subunit o, PKA- Co) BRI 12635 7KF LU B Western blot KlIEE 16 13722 FRRBERR 1k 32 W5 25 1 (Ser16 phos-
phorylated phospholamban , Ser'®-PLN) 335 /K-, [AlH A As-IV (30 wmol/L) T3, MEEHAE ], &R . SIEFAMLLL, e/ E 5
(hypoxia/reoxygenation, H/R) 5.0 JL41HE CK-MB BTN, SERCA2a 15 P FEAK 2 35% PKA- Co FEHFTA T I 28% L M
Ser'®-PLN 35 T 51%, P {3 < 0.05, As-IV TN AT 38 5% iR Asqb, BeAK G 2 IEH K, &k B VI hl s/ 2 A
Fr GO NLAR S AL T BE 2l it iR PKA-Ca K 3635 | #2155 2 B2 1 (phosphorylated phospholamban , PLN) 16 13 22 % ik
IR ALK AR PLN XF SERCA2a BUHI] , AN H358 SERCA2a HYTIRE .,
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The mechanism of astragaloside IV alleviation of hypoxia/reoxygenation induced cultured
cardiomyocyte injury via PKA pathway
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[Abstract] Objective: To investigate the mechanism of astragaloside IV (As-IV) on alleviation of hypoxia/reoxygenation induced
myocardial injury. Methods: Cultured cardiomyocytes from neonatal SD rats were exposed to 6 h of hypoxia followed by 3 h of re-
oxygenation (H/R). Meanwhile, As-IV (30 pwmol/L) was treated in H/R cardiomyocytes. Myocytes injury was determined by the re-
lease of creatine kinase (CK-MB) in supernatant. Myocardial SERCA2a activity was measured,PKA C subunit & (PKA-Ca) gene
expression and Serl6 phosphorylated phospholamban (Ser'®-PLN) protein expression level were detected by real-time PCR and West-
ern blot respectively. Results: Cultured cardiomyocytes exposed to hypoxia/reoxygenation presented statistically higher CK-MB in
supernatant, decreased myocardial SERCA2a activity, reduced PKA-Ca gene and Ser'®-PLN protein expressions(P < 0.05). But As-IV
treatment significantly prevented the alterations in H/R cardiomyocytes mentioned above. Conclusion: These results suggest that the
cardioprotective effects of As-IV may be associated with upregulation of PKA-Ca gene and Ser'®-PLN protein expressions, thus restor-
ing the SERCA2a function in hypoxia/reoxygenation injury.
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YRR IR H O U AR AET SR RE AT L5 I EE H T, AT
5% e RFE IR 0 I A SERCA2a 33K T ,SERCA2a
TP R IR B ] LI RERRIR, R, SER-
CA2a M B RIB I8 A A1) TG5O DI6E" . SER-
CA2a B2 e 3 i 52 W5 25 1 (phospholamban , PLN)
PEEE  PLN J&—Fh N R SERCA2a 1Y , 2R
PRSI ] SERCA2a IR, BERR LIRS A B
i, 5% SERCA2a MYE5552HE S, PLN B fL
41 938 15 2 P (protein kinase A, PKA) /#5451
F AR B H B 1L/(Ca’*/calmodulin dependent
protein hinase Il ,CaMK Il )/% FH ¥ C (protein ki-
nase C,PKC)iERA T, Hrp i —Fus 2 g b 3
BAEH SRR ERRAAL RO ] 2R LN A (protein
kinase A ,PKA)f&—F cAMP HH6iM: 265 F s, 24 B
B ERBEM 24T 51 cAMP R NAT  PKA #
WS ITNER 16 137 22 R (Ser') BERR L PLN, MTTT A%
BRXT SERCA2a M, HE5R SERCA2a HYTHTE, 7EL>
A= B R Bt R b R A E A

R e TR EE G 2y | o SOk oE HEAT O
WAV T, BILTRI AT 6 5 2R M N 5 R A A5 g
AU PRI AT CT, BT IV (astragalo-
side IV, As-1V) J& 8 (€ F 2L HA O I 25 B P
AR Z — , EAIFFEUESE As-TV 7] 1 SER-
CA2a HYTE T b3R5 IR s S/ 2 A 5 | A O LA
M1 AT B TEIR R As-1V 2 il PKA &
fedin PLN BERR ALK, 25 SERCA2a IfE , #E T
S WU

1 #RFnAiE

1.1 A

Bt A 1-3 d SD FLEUW F R BE R S S 8
Siyrrhac, BEEE & DMEM 5532350 H 3¢ GIBCO
o], AR I ABUN U R H A F, /AR
R S5-I AR S BEARZ AT (Brdu) 4-5 5 (p-NP) K&
A-E B TR — 8 (p-NPP) 14 H 3£ Sigma A F],
As-IV Iy A B B CAEY TR A R A, TRIzol i
& A 2 F Invitrogen 23 A, 3905 55 S SR 9
JE i PCROIAH &I A REFAY TERARAA, 5
Yy i TAE I EORA FRAA Al G A, RIPA 24i# K
g A 2= KA AT, 16 {3 22 ZIRBEIR 2
W8 8 FH (Ser' phosphorylated phospholamban ,Ser'-
PLN) —# (ab15000) J H ik S AL Wy B i b o —
Pt (ab6721) W H FL[E Abcam 23 F ,GAPDH —¥
(G8795) Nt H: ik 48k Wy i A i 1Y Bt /Dy BL = ¢

(A8786)4 H 35 [ Sigma A ],
12 Fi#k
121 RARSLR S WL peIE 7

T & FHUE A 1~3 d SD FLEGDIE, B HL
O3 SO BTHE 2K 0.06% R L 58 2 5 |, 225
R o 22 [ KR o0 AR e A, B TS % 159%387 4=
A 13 S 100 U/ml F /85 % 28 1) DMEM 35 57 0K
O AU 277, PL 1x10° 4~ /em?® 270 T S LA,
37°C,5% CO, iR %, FFIMAH 0.1 mmol/L
Brdu #3fill AT e 4l A K ,48~72 h iK B BZR [F] 25
Highe , dar SR/ 2SRRI T2 Tl
122 BB/ AEBRE TR As-IV T

FAE RS AT (95%N, K 5%C0,) X JohH
Hank’s Y57 78X, 20 min, Ji HZIEWR 2 DMEM
BRI, JFE T3 95%N, K 5%CO, ki FRA L
R S PR SE A 6 b s, B 15%38 424
ML DMEM BiFR 40 J0HE Hank s YR DABSHSE
AR 3 h, BORV R/ R (H/R)H . AR/ A+
As-IV (H/R+As-IV ) AL FE AR [R) B4RL /B2 S8 55 R A
As-1V 24 & 7 30 wmol/L,  1E % X R ZH ( Control )
FH & 15%5% A= 48 17 /) DMEM 35 32 W 7E 5% CO,
BFRR R SR 6 h s 1 kM,
1.2.3 CK-MB |2

CK-MB 2.0 U s s, 55550 JLAH P 52 45
JEIRAT R R R L . MR A B4 6 h )
A3 h EREFE LA 13,2 000 r/min B0
20 min J5 BT, AR BT G I A A CK-
MB,, L4521 P s 1] i B f 2 FHOA i o 245
1.2.4 SERCA2a &t

SERCA2a WG P RO ARG I 4% BR Larsen Y 4% HE i)
BER — 41 (p-NPP)JEHGHE 5 471, WG =0 ML
Af, H4CHISI K2 il (20 mmol/L Hepes,2
mmol/L EDTA ;250 mmol/L ﬁﬁ)’l}_‘];’ﬁ ,12 000 r/min
BL020 min JFUCEE FISH#EATHE A€ i L SERCA2a
TR, 10 wl L5 A 80 pl R NiAAFR (1.25
mmol/L MgCl,,0.00125% TritonX-100,0.125 mol/L
KCl,1.25 mmol/L. EGTA,10 mmol/L  Hepes, 75 5%
A% 1 mmol/L CaCl,) H,37°CHFE 10 min JGHIA
100 mmol/L p-NPP 10 pl, FW%E 30 min 5 flIA
100 pl 2 W24 k% (500 mmol/L Tris,55 mmol/L
EDTA), JAEHEETHEN K 405 nm A s 5 1
FEAE ) AR (p-NP) Y% B {H, Ff i p-NP 45
HEMZ A T . SERCA2a TR B850 4 v 2 1
FEA Y p-NP [ TUEE R ][ pomol/ (g.min) JER
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125 Real-Time PCR & 24 PKA-Ca mRNA F&ik

FH TRIzol 1870 S P2 LA A 55 52 40 ML L RNA 3
555 . RNA 1 ug,37°C 15 min,85°C 5 s, ¥ 4451
95°C 30 5;95°C 5 5,60°C 30 s 40 MEH, HAYHENA
J& PKA-Ca, GAPDH fE NS R, BEATTHY LT iE
519155 34 . PKA-Ca U514 5-GGATTGGGAG-
GTTCAGTG-3", N Ui 51 ¥ 5-GCTTT-GTTGTAGC-
CTTTGC-3",GAPDH I~ i 5] % 5-GCA-
AGTTCAATGGCACAG-3", T iiE5|#) 5-CATTTGA-
TGTTAGCGGGAT-3", LA 2% Beimbfrah
12.6 Western blot ¥ & 4| Ser'®PLN & & & i&

FHA 2L (5 1 mmol/L PMSF ) S A i L
I, BCA 0 E 8 FWKE . 5%~12% SDS-PAGE HL
k. AR 50 we, PVDF EFHS , 59%MiA54- W TBST
WA 2 h, —PL 4°CF R R, —HI=R 1 h,ECL
ROCHHAT R, I A RO HUR R G RUR . H)
JH Gel-pro.analyzer B {44 55717 , LA H 1Y 4545 %t 7]
—FRA I GAPDH 4577 JKFE LUAE AR R IR A 2 o it
g PRI BIJE Ser'-PLN —H1(0.5 pg/ml) Fitk
Z%1(1:5 000) . GAPDH —$1(1:3 000) . i/MR =4t
(1:2 000)™7,
1.3 “%itFriE

THEFE LIIEL + brifE2E (x = s) 3R, FH SPSS
AR X 1 Rk AT 5L 22 99 BT (one-way
ANOVA), JFfH post hoc tests #£47P H Ho i P <
0.05 NZERAGIFEXL,

2 &% B

2.1 As-IV BeAk B B/ 5 27| A2 6935 F 5 L 48 B AR
i A7 &E 4 CK-MB #9#3%

HIEEXTRA L, $53 h REA 6 hFnls]
EIEFR O LA CK-MB BEaEhn, 648/ 4 CK-
MB Bl s B g 2422 5 [H/R 41 (16.18 + 2.90)
IU/L vs Control 2H(8.40 + 0.62) 1U/L,P < 0.01],1f
TEBE/ B A SMET , As-TIV T T 2H 55 55 .0 WL 40 g
CK-MB B i 5 sk /2 S 4108070 [H/R +As-1V 4
(10.70 + 2.10) TU/L, P< 0.01,% 1],

2.2 As-IV 3% & 8 B/ 8 A 7] AL 6 3% F08 AL gE i
SERCA2a 7 M 1K,

HIE®E XA, S/ 2 5 mie IR
WL4H M SERCA2a 1 PEREIR Y 35%, 25 A %11
B (P<0.01);1M5 H/R AL, InH As-IV T
AT SERCA2a 1E PEFEAK (P < 0.05) ,SERCA2a i
PEFEAWKE IE K- (F 1),

R1 EFOIMAMKEE CK-MB JlE

Table 1 Determination of CK-MB in cultured cardiomyo-

cytes supernatant (IU/L)
) CK-MB
H
G4 6 h K% 3 h S
Control 2 450050 390+026  8.40 +0.62
H/R A 10.83 £3.45 535+0.67 16.18 +2.90
H/R+As-IVZ  6.18 £2.11 453 +£0.38 10.70 + 2.10
0.7 ' # s

Z 061 |

g J

=¥ -

< 037 ] I

£ 041

3

H 0.3 T

§ 021

< |

=

= 0.1 4

wmn o

0.0 T T T
Control H/R H/R+As-IV

WL AL, P < 0.05,%P < 0.01,

Bl 1 REFRO A SERCA2a I MR (n=5)
Figure 1 ~ Measurement of cultured cardiomyocytes SERCA2a

activities(n=5)

23 As-IV3F PKA-Ca 2B KA 6945 A

SIEF X RAL L, SR/ 2 A T 5 DR RO
LA AL PKA-Co FEHZRIN T 2y 28% (P < 0.01), i
5 H/R HAHE, i As-IV T35 A] | PKA-Co 3
IR Z) 25%(P < 0.05,18 2),

# sk

0.06 |

s

< 005+
[

0.04 1 ]

0.03 1

0.02 1

PKA-Ca mRNA(2

0.01 1

0.00 T T
Control H/R

PR HL#E, *P < 0.05,*P < 0.01,
B2 5320 N0 PKA-Co S5 K575k (n=6)

Figure 2

H/R+As-IV

Changes of cultured cardiomyocytes PKA-Ca gene

expression(n=6)

2.4 As-IV 3t Ser'-PLN & & £ ik 455 A

HIEHE XA, S/ a0 mT 5] b
F20 WLAR I Ser's-PLN 25 [ 23k [ AR Z 51% (P <
0.01), 15 H/R dLAHEL, I As-1V 3 0] 34 5
Ser'-PLN & [ % A K (P < 0.01, K 3),
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Control H/R H/R+As-IV
GAPDH _‘ - —— |

1.0 7 * %
0.9 |

0.8 ‘
0.7

0.6 I
0.5
0.4 1 i
0.3
0.2 1

0.1 1

0.0 T T T
Control H/R H/R+As-IV

A:Ser'-PLN }2 GAPDH % 4 Western blot I %% ;B Ser'-
PLN 25 2B 45 5 (n=5) , 4 LL#L, *P < 0.01,
B3 3EFRONANNE Ser'-PLN & 1 #5728k

Figure 3  Changes of cultured cardiomyocytes Ser'>PLN protein

R IAHXT X (Ser'-PLN/GAPDH) &

expression
3 4t i

As-1V JE B FEHAG O I 25 B TG % 1) 22 30
B 2 — , SCHRRE H B LR PE AT, BALI
Al eSS [H SERCA2a (36 M K kA %, (HM TG
KT SERCA2a L IEJHFEHLEI AT 5T 05 [ PKA
A LI L Ser'® R fL PLN, #3598 SERCA2a 1
INRE , UABFFE AAESE As-1V 275 1l 3 i PKA 4%
P& SERCA2a, MR AR5 .

AR AR R 2L RO LA M, EE s sk
S/ AR R R R0 LAR A L3 O LB b
EHWY CK-MB Frirle Hia /& 51 CK-MB 38 5,
MM As-IV T ] PRI CK-MB 34 &5 (0 | $ s il
L) HHESE As- IV A DR ER . R,
AHFFTEERALR As-TV 0] ik 41/ 5405 i 2k
B L LAH M SERCA2a 1 PEREAL, 4525 SCikfiiE
— 0 R 25 R 4R H/R A5 PKA-Ca
FEREIE T, HXHAY Ser'-PLN & 335 F M,
MM As-IV T3 AT B 5 [-94 PKA-Co 35 & Ser'S-PLN
EHFRE, Ht, BT IR HE58 : As-IV {4
P/ B ST B0 WLAH A 1 A AL AT 3E 2ot 1
PKA-Co FEH A, $25 Ser' PLN BEfR LK, fff
BRXT SERCA2a HMH , 3558 SERCA2a TIfE,

ARG H A PKA-Ca 3 [K Y % 35, PKA-Ca
J& PKA AL B0 (C) Zmfid 3N 2 — Hifth C 5043

i 3L [ PKA-CB . PKA-Cy DA K PKA 45 B
(PKA-R)AHICIE R (1) 3235 i RTE A, TR AR, L
Gh, B PKA ] LIRERR 1L PLN #b, CaMK 11 7] LSS
17 157 752 1R (Thrl 7) 8 PR 4L PLN, JF7E.0 I 9 A= 2
Kot f R PR EAE A 17, As-IV & A5 14038
it CaMK 1138 B SO LRV A A etk — 2D
5o
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