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Astragaloside IV ameliorates hypoxia/reoxygenation injury via
regulating mitochondrial homeostasis in rat cardiomyocytes
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Abstract: This study was designed to investigate the effect and mechanism of astragaloside IV (ASIV) on
mitochondrial morphology and function of rat cardiomyocytes under hypoxia/reoxygenation injury. H9c2 cells
were divided into control group, hypoxia/reoxygenation (H/R) group, and H/R + ASIV group. Cell viability and
lactate dehydrogenase (LDH) leakage were measured by cell counting kit-8 (CCK-8) and LDH assay kit, respec-
tively. Oxidative stress levels, such as superoxide dismutase (SOD), glutathione (GSH), and malondialdehyde
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(MDA), were analyzed by commercial kits. Intracellular and mitochondrial reactive oxygen species (ROS) levels
were detected by dihydroethidium (DHE) and MitoSOX. Changes of the mitochondrial membrane potential were
detected using the fluorescent probe JC-1. Opening of mitochondrial permeability transition pore was examined via
calcein acetoxymethyl ester (calcein-AM). Apoptosis was assessed using terminal-deoxynucleoitidyl transferase
mediated nick end labeling (TUNEL) assay kit. To detect protein expression of dynamin-related protein 1 (Drpl),
mitofusinl (Mfnl), Mfn2, Bax, B-cell lymphoma-2 (Bcl-2), and cleaved cysteine-aspartic protease (caspase)-3,
Western blot analysis was carried out. Compared with the control group, ASIV (100 umol-L") significantly improved
H/R induced cell injury, LDH leakage, decrease of SOD activity, and GSH content, increase of MDA content and
ROS content, loss of mitochondrial membrane potential, mitochondrial permeability transition pore opening, ROS
production activation, mitochondrial fission/fusion imbalance, and cell apoptosis. In addition, the effect of ASIV
against H/R injury was also verified on primary rat cardiomyocytes. The animal welfare and experimental process
follow the rules of Animal Ethics Committee of Zhejiang Chinese Medical University. In conclusion, ASIV may
play a protective role in mitochondria by regulating morphological dynamic stability and mitochondrial function,
inhibiting excessive synthesis of ROS, improving the internal environment of oxidative stress, reducing cell apopto-
sis, and thereby protecting against cardiomyocytes”’ hypoxia/reoxygenation injury.

Key words: astragaloside IV; cardiomyocyte; hypoxia/reoxygenation injury; mitochondrial homeostasis;

apoptosis

20 WLFE ZE (acute myocardial infarction, AMI)
IR R R B RE —HE &S AT, BallsRIGT7
75 %8 2 1 Pk 520 VB BE DXL d A4 7, 3 3 A N\ A 0
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LDH). 8 A ¥ B AL (superoxide dismutase, SOD)-
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MRS 5 SEI 4R HOc2 41 i 8% 9% T HE
DMEM #5725 (% 10% 6 4= ML) 1, 55 97 26408 5%
C0,.37 °CIHif . ASIV H DMEM FC il i 28 & FE Ry
10 mmol- L [¥ i 25 ¥, Wi FH A1 156 FH K . 355 27 V00 7 6 21
X R B, i fR DMSO 23K BE A i T 0.1%.  H9c2 4l
MOBENL 4 24 © 1E# ST (control): & T 1EH 1%
FEMAFE AR, @ WUEEEAL (H/R): BT IOhE
DMEM 1 7% i H 4 [T & AN, 0,:CO, (94:1:5)]
B 9% 16 h J5, T #e = B DMEM 35 7% 0 7 S 4 [
K1C0O, (95:5)] H57%2 h; ® ASIV 4l (H/R + ASIV): K5
FEW NN ASIV (1,10 A1 100 pmol-L") HALFE 1 h, 7
HEAT B B SR A B, AN I R R [ 2% 1 1 15 7R 1
B R LR B R T

KBREROV MMy SR 7 BAAENT: SD
(Sprague-Dawley) FL K f 6 X, W5 IR 30 s £ 4 5
HCHE GO0 I, O UK B9 82 2% vh 35 5 W (phosphate buffer
saline, PBS) M. FIARFIBY BT 1 mm3 22185 A
0.1% JBE B 4 1 3T, 9 F 37 °C 100 r-min™ {1 £ &
HEAT I Ak, B UOTE A 45 3 5 I AT WAL 10 1K, &
10 min, 20 2L 5 RV, B BIEFEE 2 10%
it 2F M7 (fetal bovine serum, FBS) [ 7 A 1, 45
WAL, T %05 1 500 r-min B0 10 min, 255 _EiE, H
¥ 10% FBS () DMEM }: 77 Wi B & JUE FF PR o AR5
Z G EEVE, T 90 min J5 K LG BRI,
F % 10% FBS ] DMEM 35 72 55 7 40 i, FF A 5-1R
it 4 R % W 4% 1F (5-bromodeoxyuridine, Brdu) 71 41| JE
O B AR K . SR S0 S ASTV Tiikk 22 # 1F
5] HOC2 4 i o 3l 474 1) FH S 56 ok i 25 308 498 i 1 o 2
RSN EE T RS IHLE

o0 B SE SR HO9C2 41 M LLAE FL 5x10° 4> 3%
T 96 FLHR, 43 4145 25 )5, F CCK-8 i 4% Il %% 40 41 fif
W 71 LN 10 uL CCK-8 3R, 4k 420 F 2 h s,
Pt A ASCRS ) % FLAE 450 nm 98K AL (9 W6 FEAE (A4s0)
Aysopsrprna) ¥ 100%.

7R L& LDHEME M HOc2 41 i LA & 1L
A0SR T 6 FLIR, 414 24 ), WS 7: 1 i,
R 4% LDH A8 I8 71 &5 1 75 VA A6 I 55 7% W 7%+ LDH
TEE.

“HAE SOD ;& 71 . MDA F1 GSH £ £ 43 7k
R TR BTSN ZE LS B B, fR 4 SOD VMDA & GSH
AW 3R 77 65 R BCA B 7 A Ik 77 8 10 7 925 43 il
K69 41 il SOD 3% 71 MDA 1 GSH & & M 41 i 2 & A
i, VA R OURALRE A R (me) Ak,

M ROSEEMLK A ROSEERN /1
DHE % ¢ ¥ £F (10 pmol-LY) ¥ )¢ ¥ 7 48 L 30 min,
PBSHVE 2 )G, T 9O RME N, SEARILIN
6 NMALET, Image J B 43 HT%¢ JG5RE . HOc2 4 i £
MitoSOX ¢ J: ¥R 41 (5 pmol-L) # % #7ic 30 min Ji5,
H Hank's ~F fif 5 % ¥ (Hank's balanced salt solution,
HBSS) (& Ca* /Mg* B 1) ¥k 2 K&, WAL I,
B PBONEE (5~8)x1004, it 20 4H M 45K 0 7% >t
PREE (RSN 580 nm).

RN BR R LA fE ] JC-1 3RO 4R B
(2 umol-L") B¢ 5% & 4 A 20 min, PBS %% 2 s, T
PR TR, BT 6 ML, Image J
PR 9GRS o

R RBEMEEBRILEN A calcein-AM
(1 umol-L™") A1 CoCl, (2 mmol-L™") 3¢ 5% & 41 fitd 20 min,
PBSEVE 2 X, T2O6 R N0, S4B 5
6 MHLEF, Image JEA 43 BT X G iR

YHAEE TR 4% TUNEL AS IR 77 & Bk )
75545 G DAPL PG IR ET bR i I8 T2 40 i Als 40 i, 7E
Ji AR JULAH AR R T % 2 1 [ B 3 4 troponin 1. %6
A AL LA B 6 N ALETF, 4R TE 0 (%) = 1
T2 B 5 A P K< 100%

Western blot #3| B & AFRIL  H9c2 4l /il 2 il
¥ PBSJE YL 3 ¥k 5, {# ] RIPA (radio immunoprecipita-
tion assay) % fif i il £ 5 B B HGH, H TR Drpl
(dynamin-related protein 1, 1: 1 000). Mfnl (mitofusin
1, 1:1 000).Mfn2 (1:1 000).Bax (1:1 000).Bcl-2 (1:
1 000).cleaved caspase-3 (1:1 000) F1 S-actin (1:4 000)
EEEE. RO BB B B & B % K
1% 18 1 Tmage Lab BAF 0 #riH EAEX R H R I & .

it 94 {6 Minitab 14 3004 St i1 43 #7 S2 46 45
R, Blx+ s Rom LIS R, {8 ANOVA 43 B 21 1) 2
S, Horp P<0.05 NN ZE R BA Gt E

R
ASIV X} H/R IS8 H9¢2 4RARIR 5 95210

ASIV 5F H/R %5 5 i H9c2 4 i 453 153 B 5 i 45 SR AL
1, 5 1E % X A b8, HYR b B & 2% 41K HOC2 41 i
i 71 (P<0.01), [A] B 38 i HOc2 41 il LDH it #8 (P<
0.01); ASIV (10 1100 umol-L-") THALFE it % & 2 1 52 41
Jf13% 73 (P<0.01), H 258 A8 E; ASIV (100 pmol-L™)
oAb BE AE % B 2 FEAIC B 97 W B IE b LDH W& (P<
0.05). LA Es2g6 55 R A B, ASIV (100 pmol-L) B A
B ) B PR sk S R R R e, R SRR R
100 pmol- L9 & ASIV JF JiE 5256
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Figure 1 Effects of astragaloside IV (ASIV) on hypoxia/reoxy-
genation (H/R) induced H9c2 cells injury. A: The cell viability was
determined by cell counting kit-8 (CCK-8) assay; B: The lactate
dehydrogenase (LDH) release was determined by LDH assay kit.

n==6,x=xs *P<0.01 vs control; “P<0.05, “P<0.01 vs model (H/R)
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JE 18 1 MDA & & (P<0.01); ASIV (100 pmol-L") Fi4t
P e 6% 5 25 19 0 SOD ¥ /1 (P<0.05) F1 GSH & & (P<
0.05), J:F#{X MDA & & (P<0.01).
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Figure 2 Effects of ASIV on H/R induced H9c2 cells oxidative
stress injury. A: Superoxide dismutase (SOD) activity was deter-
mined by SOD assay kit; B: Glutathione (GSH) content was esti-
mated by GSH assay kit; C: Malondialdehyde (MDA) content was
estimated by MDA assay kit. n = 6, x £ 5. “P<0.01 vs control; *P<
0.05, P<0.01 vs model (H/R)
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Figure 3  Effects of ASIV on reactive oxygen species (ROS)
content in H/R induced H9¢2 cells. A: Representative fluorescence
images of dihydroethidium (DHE) fluorescence (x200). Scale bar:
100 pm; B: Quantification of DHE fluorescence intensity; C:
Quantification of MitoSOX fluorescence intensity. n = 6, x % s.
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Figure 4 Effects of ASIV on the collapse of mitochondrial trans-
membrane potential in H/R induced H9¢2 cells. A: Representative
fluorescence images of JC-1 fluorescence (x200). Scale bar: 100
pm; B: Quantification of JC-1 fluorescence. n = 6, x + 5. *P<0.01

vs control; “P<0.01 vs model (H/R)
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Figure 5 Effects of ASIV on opening of the mitochondrial per-

6 ASIV 3Rk 3/EL & T &R0

HIEH X R4 e, H/R AT B 2 bR 2Rk 4y
Z47%E M Drpl ik & (P<0.001), T £k 4 mb & &
Mfn2 F ik & (P<0.01); ASIV (100 pmol-L") i kb B &
243 Drpl & [ 105t ik (P<0.01) 1 Mfn2 & MK
15 (P<0.05), 45 L LK 6.
7 ASIV SRR T HIF2 M

K785 0 BoR, 5IEH At g, H/R /b3 6 3%
R ANAH ML T2 (P<0.01) A T8 A cleaved caspase-3

meability transition pore in H/R induced H9¢2 cells. A: Represen-
tative fluorescence images of calcein fluorescence (%x200). Scale
bar: 100 um; B: Quantification of calcein fluorescence. n = 6, x = s.
#P<0.01 vs control; “P<0.01 vs model (H/R)
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Bax LU (P<0.01).
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Figure 6 Effect of ASIV on modulation of mitochondrial fission/fusion proteins in H/R induced H9c2 cells. Relative expressions of
dynamin-related protein 1 (Drpl), mitofusinl (Mfnl), and Mfn2 were determined by Western blot. A: Representative blots of Drpl, Mfnl,
and Mfn2; B: Quantified expression of Drpl protein; C: Quantified expression of Mfnl protein; D: Quantified expression of Mfn2 protein.
n=4,x+s "P<0.01, " P<0.001 vs control; *P<0.05, *P<0.01 vs model (H/R)
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Figure 7 Effects of ASIV on apoptosis of H/R induced H9¢2 cells. A: Representative fluorescence images of terminal-deoxynucleoitidyl
transferase mediated nick end labeling (TUNEL, red) and 4',6-diamidino-2-phenylindole (DAPI, blue) fluorescence (x200). Scale bar: 100 pm;
B: Quantification of TUNEL positive cells (n = 6); C: Representative blots of B-cell lymphoma-2 (Bcl-2), Bax, and cleaved caspase-3; D:
Quantified expression of Bcl-2/Bax ratio (n =
x£s. #P<0.01,"P<0.001 vs control; *P<0.05, **P<0.01 vs model (H/R)

4); E: Quantified expression of cleaved caspase-3 protein (n = 4). Results were represented as
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Figure 8 Effects of ASIV on apoptosis of H/R induced primary neonatal Sprague-Dawley (SD) rat cardiomyocytes. A: The cell viability

was determined by CCK-8 assay; B: Quantification of JC-1 fluorescence; C: Representative fluorescence images of TUNEL (red), DAPI

(blue), and troponin (green) fluorescence (x200). Scale bar: 100 um; D: Quantification of TUNEL positive cells. n = 6, x + 5. #P<0.001 vs

control; "P<0.05, *"P<0.01 vs model (H/R)

8 KREMALHNZHALIEIEASIV 1 H/R IG5 HI1ER

ASIV A H/R 55 19 2R B AR L4 B 45343 1 52 i
gESR L 8, I w6 R A L, H/R AR B T 3 PR AR K
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0.001), & IN4H A - % (P<0.001); ASIV (100 pmol-L™)
ToAL B fe 0% 12 2 T R A0 S /) (P<0.01), 4 RF 2R ik
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PrEALRE T 9 TR BE PSR AR, A AT

i3 DHE A1 MitoSOX % 6 R £H 43 Al A Il 1 H9e2 41 i
ROS % AL R 7k of ROS 75 2, KL ASIV RES 2%
PN i ROS 7 B AN £ ki fA i ROS 5 H .

LA ROS 25 T Aokifh, T ZehifADfe
P0G 23 3 EUROS B & MG BT KB RT3 4 a5
& A AL TR AR, RS2 E6 @ i JC-1 f caleein
T PRET A I £ WL Ak S F A7 R 36 75 M B e AL T SRS
FE, R I ASIV RES 5 2 1k 5 8RR JB i A7 25 A Ak IF
0ot 368 375 M B e ALk B2 TR, 427 ASIV RE B8 R4k
FrER bR TE S MINREIEH . BhAh, R A TSN
T T LRI 2R Th B 1E ot B B B 2, 2R ik
Tk B 43 2R R A 2 A BORL A 2k 25 T D R, )
BRI T . ARS8 R B ASIV RERS 1 35 1k B 28
KAk 5y 28 H Drpl MR AR R & 2 1 M2 [ 3R 18 2%
i, ) ok A By A, (R LKL R &, R I ASIV
X AT O WL AR AR TE A s e e A HEMEH.

ZE b, AT SE R W ASIV A] Rl i fa e O LgH
Ji 28 R AR T 2 Bl A Fa e, 4ERFZR R AR ThRE, #i] ROS
R R, AT 98042 i S A2 405 3 1) AR A R A A1

{1 Bk: S0 ORI A 4 90 90 W A AL SR
TR A B BT SIS AR 4 AT X FE AR TSR AR S AR B .

FIEE RS PG 1R 75 AR R 2 1 5%
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