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ASEFH Rg XU E L N AR AR R AHIE R

LHE, F B ox E, BERL ORI, g 2T
1 B KSR %P B SEMRIER, HHk ZEFH 133002

2. MEILKEAE AR RPN SR T AR T T R, AR R 133002
3. KEPEAREMEER, Sk K& 130000

W E: BN #dME H02 1551 H9e2 AR, ME NS 24 Ry MRS HIER, HT miR-499¢
EEZ5 NS 81 Re SR ERNS. B3E KA 600 umol/L (17 Ha02 55 H9c2 AN IEHETL, 4T AS
B Rg FALEE 24h, HFLFRILERS (lactate dehydrogenase, LDH). #EAYIEALEE (superoxide dismutase, SOD) &
M5 (malondialdehyde, MDA). &% (reactive oxygen species, ROS) 7K F-FIZEHifA& I LA (mitochondrial membrane
potential, MMP) Z&4k; RF Western blotting fill Ml T-AHICEE 138k . SR A Lipofiter 3.0 4% miR-499c #4442 H9c2 4 A Bl
# W02 B S HVAMPIMIRET, 4T NS 21 R (40 pmol/L) FHALHE 24 h, Il miR-499c ik, ROS /KF-F1 MMP 4K,
R ASEH Rg WE K H02 % S H9c2 4Hifrh LDH J i % . MDA 1 ROS 7/K*F* (P<<0.05. 0.01. 0.001), 3Tt
f5 SOD V& Al MMP (P<<0.05. 0.01. 0.001), 3% L1 B #hEL4EE-2 (B-cell lymphoma-2, Bel-2) & HRIEKT (P<
0.05. 0.01. 0.001), {23 T4 Bel-2 #2¢ X £2 1 (Bcl-2 associated X protein, Bax). By Y] 24 - B & BR K A Z IR B (1 -3 (cleaved
cystein-asparate protease-3, cleaved Caspase-3) Fl cleaved Caspase-9 £ [H3KIE/KF (P<<0.01. 0.001). ANZZF Rg BEI
B H9e2 4 miR-499¢ £k (P<<0.05). ¥4 miR-499¢ f5, AZ 21 Rgi 4l ROS /K-P-it— LK (P<<0.05), MMP i
—JtE (P<0.05). it ASEH R B FEK MMP EHF1 ROS A%, 1 B Ha02 155 HOc2 41 i Ak B 45473
AR T, HAEHIBLHI T RE 5 miR-499¢ H2%.
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Inhibition effect of ginsenoside Rg: on oxidative stress injury in cardiomyocytes
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Abstract: Objective To observe the inhibition effect of ginsenoside Rgi on H20z-induced oxidative stress in H9¢2 cardiomyocytes,
and discuss whether miR-499c involved in the mechanism of ginsenoside Rg; inhibition of oxidative stress. Methods The oxidative
stress model of H9c2 cardiomyocytes was induced by 600 umol/L H202, ginsenoside Rgi were pretreated for 24 h. Lactate
dehydrogenase (LDH), superoxide dismutase (SOD) activities and malondialdehyde (MDA), reactive oxygen species (ROS) levels and
mitochondrial membrane potential (MMP) changes were detected; Western blotting was used to detect the expressions of apoptosis-
related proteins. Lipofiter 3.0 was used to transfect miR-499c into H9c2 cells, and then H202-induced oxidative stress model was
established, ginsenoside Rgi (40 pmol/L) was pretreated for 24 h, and miR-499¢ expression, ROS level and MMP changes were
detected. Results Ginsenoside Rg: significantly decreased the leakage rate of LDH, MDA and ROS levels in H9¢2 cells induced by
H202 (P < 0.05, 0.01, 0.001), significantly increased SOD activity and MMP (P < 0.05, 0.01, 0.001), significantly increased B-cell
lymphoma-2 (Bcl-2) protein expression level (P <0.05, 0.01, 0.001), significantly decreased Bcl-2 associated X protein (Bax), cleaved
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cysteine aspartate protease-3 (cleaved Caspase-3) and cleaved Caspase-9 protein expression levels (P <0.01, 0.001). Ginsenoside Rg:
significantly increased the expression of miR-499c in H9¢2 cells (P < 0.05). After transfection with miR-499c, the level of ROS in
ginsenoside Rgi group was further decreased (P < 0.05), and MMP was further increased (P < 0.05). Conclusion Ginsenoside Rgi

can inhibit oxidative stress injury and apoptosis of H9¢c2 cells induced by H202 by reducing MMP loss and ROS production, and its

mechanism may be related to miR-499c.

Key words: ginsenoside Rgi; cardiomyocytes; oxidative stress; apoptosis; miR-499¢

ANZ AT MEHEYI NS Panax ginseng C. A.
Mey. (HEIRARZE, BRARERZE I, BEL
IME THRER Gt o7 Mt f MBI Z M 3. NS
B Rgt RASFEEEM S 2 —, BAREND
Al PR E W) SRR SO SE
(acute myocardial infarction, AMI) K420 % H A1)
KRR, RAFELRRD RS 0740 R 201,
EANZ B R X Ha0, 175 T 0 WA ) S8 A B 3
e R E M ATE R .

/N RNA (microRNA, miRNA) s&H 20~25
MZAFRRA R HEGR D RNA, HAT T 5 R Rk %
Difg. WHALRE, AZRE@ELIHST miRNA K%
RRIEFEAC NI IMER], miR-499 J& — 38 5 4l
ARG < RNABL, S iE B 7E O I R
T3 BT A JE rh AR AR FHPY, A48 Lo ILAE R DO,
e PR 4E . miR-499 CUE S A AMI FlLG
71335 PR AE AL WA S 0213, miR-499¢ 72 A miR-
499 [FYE I —FEER RNA, HHETE T A&M K%
BRI, W LR 2 b4 s S R A 0 L4 a4,
fH miR-499¢ & 75 AT Co LA I R 37 4 FH A
HE, FHHREZ 5 AZ B Re WHTEALHLH]
HATLER . MA A BERANSEH Rg O
JULE B S A S O R4 A L, RIS g 2
H9¢2 401 miR-499¢ & JLBi iy, JR5F N2 BT Rey
i miR-499¢ 258 MR AR T, APl
FE O 0 LRV T T FEAN A .

1 ##
1.1 4R

HOc2 4l (it CL-0089) I [ iyl M4 284k
R AR AT .

1.2 ZAm5i

ANZRH Rg (LR H=98%, L5 SG8330)
WHEAE R EERBARA A 30% H0, (k5
C04045101) 1t H i 54 2R I A PR A 7] 5 FLRR
Wi (lactate dehydrogenase, LDH) il &
(#t5 C0016). 7§ f (malondialdehyde, MDA)

Bl & (5 S0131S). s i S 1k W i L g
(superoxide dismutase, SOD) JE AN & (b
5 S0101S) . & A JB wa A7 ar k70 & (b5
C2006) HMH FilgH o REMBIE AR A ;
CCK-8 71 (#t5 C0037) g H 3 [E Invigentech 2>
A); B itkE4HffefRE-2 (B-cell lymphoma-2, Bcel-2) $it
& (H#t5 EPR17509). Bel-2 3¢ X & (Bcl-2
associated X protein, Bax) Hifk (L5 E63). Bi{]
R P R R K =R H -3 (cleaved cystein-
asparate protease-3, cleaved Caspase-3) Piik (L5
EPR21032) ¥ 5 9 [E Abcam /A & ; cleaved
Caspase-9 Pufk (5 9507S). B-actin Fifk (L5
126200 =EPif 1gG —ht (ks 7074) ¥ H 3
CST A#l; Lipofiter 3.0 #4457 (#it*5 HB-LF3-
1000). miR-499¢ % gL )itk ( H 5 F 7 51 3°-
ACAGACTTGCTGTGANGTTCACGTGGAGAGG-
AGTTAAACATCACTGCAAGTCTTAACAGCCGC-
CCGCCCAAGGCACAGGGGACAGGGCCCCTAT-
AGTGAGTCNTATTAAAA-5>) T H g E A
BHEHBR AR ; DMEM Wik (5 C3103-
0500) FFRAGAEILE (5 C04001-050). JHEEE A
fif-EDTA (Hit5 C3530-0100). FHHEEXHT (5
C3420-0100) 404 B F i B AR A PR A 7 5
ih % (reactive oxygen species, ROS) 7l & (Ht
5 C3890) W HEE APEXBIO Aw]; O EHAIKAK
(atrial natriuretic peptide, ANP, #t'5 D04B) I4H
e Ab T A= E AR T R A .

1.3 4%

Forma™ 7 B #3{ CO, £5 7% 44 - Heraguard™ ECO
RH% TAES . MicroCL 17 BYE B0, EVOS
M700 B8 613 B B 8E . Varioskan LUX % £ I Rg
bR (3£ Thermo A F]).

2 FHE
2.1 ZHBELESE

275 HOc2 4, FH & 10%H6 25 MiE ) DMEM

BRI TR, MRS A 80%~90% A4
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PR B AR, 10 3 BHATAEA R, gkalh;
75, WERAERERAIREE N 5X104 4 /mL, AT
2.2 CCK-8 JENEMTFER
221 FACRLEIERL A K H9e2 ZH s T 96 fL
WA, 4L 100 pL, 3% 24h 5, 4T 0. 75,
150, 300, 600. 1200 umol/L ] HoOa A-EEZH A 20
min'S, EFLINIA 10 pL CCK-8 R4k EER5 7% 2 h,
MEWIERE (4D fH, THEAHMAE 2.
222 AZRAF Rg A HO2 AEERIFm
H9c2 A4 T 96 FLARN, 4L 100 uL, 3557 24 h
Ja, A 0. 104 20, 40. 80 umol/L KA SR
1 Re AFE4HAE 24 ho BEFLIIA 10 L CCK-8 ¥R
GREEREIE 20, WE A H, THEAMRAAE .
223 ASEAH Rg MR B H A7 15 2 1
S % HO2 At T 96 FLRN, 4L 100 pL,
B5F% 24 ho WENTEA B4 . A EH Rg (10,
20. 40. 80 pumol/L) Z1F1 ANP (1nmol/L) 4, A
Z B H Rg HIMAAFIREE 250403 24 h, ANP
HINNZIP) AL EE 20 min; B ZH R &-25 25 F 0N 600
pumol/L 1] HoOz 4bFE 20 min il % AL M ST, X
BUAIMARNELHMAE H0, MR FRE. LI
10 uL CCK-8 I 4k 835 7% 2h, I 4 18, THEA
MAF 5%
23 AZEH Rg MENWAHIEE MM LDH R
B 0A

¥ HOc2 4Hfiushi T 6 FLAR N, 4L 1500 pL, &%
BT A A S A Rgr (104 204 40. 80
umol/L) #H, ¥% “2.2.3” Wi N jikshdile, Wi
W _E3E, 2500 r/min B0 5 min, HUEIEWR 25 pL,
e WG &1 B 5 A0 LDH 351
24 AZEH Rg WREMBIZEE L SOD jE M4
A1 MDA 7K EHI2200

¥ HOc2 AffusH T 6 FLAR A, BfL 1500 uL, %
“237I0 N IES NG Y )G, 4 R B A
I SOD & 14 A1 MDA 7K-F-.
2.5 AZEH Rg WREMEBIER M ROS KFE
EppA

¥ HOc2 AffusH T 6 FLAR A, BFL 1500 uL, %
“2237IU R ik G 2 f5, I RE S 1) DCFH-
DA HEEAM, JTTAHME N 1X10° A~/mL. %
B 20~30min, &EFE 3~5min BENES] 1%, (H45
EFRNAN AR 7 4 i . 3 488 nm BRI K, 525 nm

KK, YO BB S L imiE .
2.6 AZEFH Rg SEMNRBMIEE 40 LE R 4R
=R A

¥ HOc2 Al T 6 FLAIR I, BFL 1500 uL, %
“2.2.37 WU R LA AR 2 g, S FLINNES TR AN
JC-1 et TAEWA 1 mL, F85MR2), BELIE 20
min, HIA JC-1 B ZEmifiess 2 G, 185k
B RIS
27 AEEH Rg MEMRHAEB AT HERX
ERAFRIEWEN

¥ HOc2 AHiffush T 6 FLARA, BEfL 1500 uL, %
“2.37 WUN Ik MG 2y )E, WAEAMR, BCA %
I R RS « R EARES AT B R BR R AN - S TR )
Bk sE e vk, % PVDF JE, T 5%MBifig -4yt
B 1h, IIN—3, 4 CHWELR: A _PURE
1h, ECLAb2EKRE, ¥ PVDF JERNE &b, 7
UVP BR RS R G0 - M550 FF 4 R
2.8 PCR &M miR-499c Fi&

¥ H9c2 dHfush T 6 FLAR N, Bl 1500 uL, &
EXTHRAL N2 2H Rgy (40 umol/L) 4H, 44F%4
YT 24 h J5, (EACEER) EP EICEAIN, 1@
KM I 1 mL Trizol, EfE[VES). MIANEAT, R
A, FiREE. 4 C. 12000 r/min &0 15 min. HL
tH EP EE T UK E, HTGHE S FIFH N OIRE
ZH EPA B, IONFATR ST AR, RS, =il
¥ E. 4 "C. 12000 r/min 20> 15min, 3 EiF. 0
N 75%Z.B%, Hif3{E RNA . 4 "C. 12000 r/min
B0 Smin, FF EIE, LEAMT. A 10~20 pL
DEPC /K, ##& 5min, WFTIRE], & RNA KE.
2.9 miR-499c ¥

4 4 pL miR-499¢ 5 ki A5 2 250 uL DMEM 5
FREH, BRWATIRS . BUA—308, A 250
uL M7 DMEM 1 7 3, F A 10 pL
Lipofiter3.0, FRMFTIRE], ZEME 5 min. ¥LL
F 2 HEOERIIRS, WIHRA, =iREE 20
min. ¥ 500 uL VRS R STIMAZ] 6 fLikH, “8”
TR KiFE 6 h 5, B MIE KR 77
WA ERE TR, WEHEMA . NS BH Rg +H0, 4.
miR-499c+H,0; 4. AZ R H Rgi+miR-499c+
H,0, 41, BRI 600 pmol/L [ H,O, AEE A
20 min Hl 2 AR, NS BAF Rg+H0. 4
TN 40 pmol/L A& 21F Rgy AbHE 24 h, T &5
P BB . miR-499¢+H20, 41K miR-499¢ 4 #x
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F| H9c2 4Hiffe 72 h, FHlF AN, NS 2
# Rg +miR-499c +H,0, ¥ miR-499c #% 4L 5|
H9c2 4Hfif 72 h, FHIA 40 umol/L A2 B Rg At
24 h, B & AN, % “2.57 “2.67
TF 7 A 40 ROS ZRRiAAR I HLA K

2.10 FitEHH

S 4 B GraphPad Prism 9.0 #fF #6474t it
AREE, BT BERILLX £ s RR.

3 #R
3.1 H9c2 S RIHAERH &

WE 1 R, 75~1200 pmol/L [ HyO, AbFE
HOc2 41l 20 min, ZHMIAFIEZRFFAK, FF27EHL
. 600 umol/L Y H2O2 AFEAHA 20 min J&, 4HAE
TEEREHFLE (60.39£2.87) % (P<<0.001).
BRIk, EH 600 umol/L ) HaOs 1 Al 2% AL M ik

TR %A

1507

= 1004 "

e

% Hokk

= J

% 50 I ﬂ I sk
0 T T m

X 75 150 300 600 1200
HzOz/(umOI . Lil)

EXHRA S "P<0.05 P<0.01 **P<0.001
*P<0.05 "P<0.01 *"P<0.001 vs control group
1 H20: %t H9c2 ZHATFERAIFM (X +s,n=3)
Fig. 1 Effect of H202 on cell viability of H9¢2 cells (X + s,
n=3)

1509,
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ANZ B Rg/(umol-L ™)

3.2 AZEH Rg & HIc2 MBS 1L R I545 a9
H1ER

3.2.1 AR Rgy WAL A 4 M A7 2 1)
sl W 2-A Fos, ANFEIRFEANZ B Re 4t
P H9c2 41l 24 h J5, 4HMAFIEZFRICH Rz, &
B NS 21 Rg bF HOc2 A L& ME/EA . Wik 2-
B Jfian, SXTHRZE LR, AR 4H 4 M A7 v 20 B R
ik (P<<0.001); S&AIALLE:, NS 2FH Rg (40,
80 pmol/L) ZH4HMRAFIE R B E & (P<0.01.
0.001), H 2 FIEAHIM: . A BAFTHATE 72 TAEH &
L ANP 1] LA H9c2 4 i S8 M it 35145 HLEAG
WURSVER, RIERIF ANP /B NRH S IROR B,
ANP SHEALRN R RS HOc2 HAEERIEH S 40
umol/L NZ 2+ Rg MAEH AL,

322 AZREHT Rg b H0: 155/ H9¢2 41l LDH
MR Wi 3 R, Sx IR, B
HYHM LDH It R EHm (P<0.001); S8
HEbse, H45254 LDH JiH R HEREK (P<
0.01. 0.001), HEFIEAMIME,

3.23 AZRE 1 Rg X H0: 153 1) H9c2 4 id MDA
KFFI SOD &Rz i 4 Frs, HXTHEA
LA, BEAY L4 MDA 7K 53 T+ (P<<0.001),
SOD JiF M 2 FAIK (P<<0.001); SRR LA, &
452520 MDA /KT 2 ERE (P<0.01. 0.001), A
Z A Rgy (20 40, 80 pmol/L) #H SOD & % .2
FHE (P<<0.01. 0.001), HEFEMRME.

3.24 AZREH Rg X H.0, 55 H9¢2 4l ROS
AR 5 B, SXTIEA LR, B
4l ROS /KFEETHE (P<0.001); SHEAILLL

150
B

Sr 100 [Eea.

o k%

&

=

F 50 H### ﬂ

0- T ' T T

20 40

XHE B 10 80 ANP
N2 24 Rgy/(umol-L7)

XA R ##P<0.001; SHHMALLE: "P<0.05 TP<0.01 *P<0.001, K 3~7H

#4p < 0.001 vs control group; “P<0.05 “P<0.01

**P < 0.001 vs model group, same as figs. 3—7

2 ASEH Rgi Xt H9c2 4R (A). H20:3 5501 H9¢2 2HRE (B) F/EZEMEN (X+s,n=3)
Fig. 2 Effect of ginsenoside Rg1 on cell viability of H9¢c2 cells (A) and H202-induced H9¢2 cells (B) (X s, n=3)
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T/\ KRk
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oL L . .

SR B 10 20 40 80
ANZEH Rgy/(umol- L)

B3 ASEH Rg X H:0:1F5 6] Hc2 4R LDH iR =
BIEm (X+s,n=3)

Fig. 3 Effect of ginsenoside Rg:1 on leakage rate of LDH in
H202-induced H9c¢2 cells (X £ 5,1 =3)
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2H ROS /KF R ZEPL (P<0.05. 0.01. 0.001), H
R RN

325 AZSREH Rg X H0: 15 1 HO9c2 41 i Lk ki
PRI FLAT (R sE e AR SIORT DA | JER A i 4 e s e
HLAT R, SRR BRI, T 5 R M T
KRB, il 6 fias, Sx IR, PR 40
SR HE TR (P<<0.001), F ] HOc2 41
LR IR RO PG SEBYA LLER, BnZiAsa
B LU 2 35 K (P<<0.05. 0.01. 0.001),
ANZEH Rg Ml ANP ] LT H,0, 51 H9c2
21 it S s A LT P
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2H Rgi X H20: 15549 Hc2 ZHAE MDA 7KF1 SOD & |v_i£afjﬂfur] (Xts,n=3)

Fig. 4 Effect of ginsenoside Rg1 on MDA level and SOD activity in H2O2-induced H9¢2 cells (X £s,n=3)

El5 AZEH Rgi ¥ H:0:E55H) HI2 4 ROS 7K RIS (X+5s,n=3)
Fig. 5 Effect of ginsenoside Rg: on ROS level in H20z-induced H9¢2 cells (X + s, n=3)
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3.3 ASEH Rgi X H:0: 1 FSH) Hc2 HRAT

LEPE=R SN0l

wmE 7 fos, SHIEANE, BAA cleaved
Caspase-3+ cleaved Caspase-9 il Bax £ [H3RIA/K-
BRETE (P<0.001), Bel2 HAXRKKTEE
B (P<<0.001); S5HIAYAHLLEL, #4252 cleaved
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0.01. 0.001), Bel-2 HHARBKFEEF R (P<
0.05.0.01.0.001); A==+ Rg;(20.40- 80 pmol/L)
2 cleaved Caspase-3 & FRIE/KFEEFERFL (P<
0.01. 0.00D). #&/m AZRH Re 7 LAk Ho0, 75
S HOc2 AR T,
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Fig. 6 Effect of ginsenoside Rg1 on mitochondrial membrane potential in H2Oz-induced H9¢2 cells (X £ s,n=3)
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Fig. 7 Effect of ginsenoside Rg: on apoptosis-related protein expressions in H2Oz-induced H9¢2 cells (X + s, n=3)
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34 AZEH Rg X HI2 HBE miR-499¢ FRikHY
A

RNERGE NS BAF Rg X H9c2 4t AL ifE
FAMLHL, 15 %2 N2 2 Ry X H9c2 41 L N miR-
499¢ FILWIF . WA 8 i, SxtMRALLE:, A
Z B Rgi 4 miR-499¢ Fik R ETHE (P<0.05).
3.5 miR-499¢ EASEH Rg 1§ H.0, 1FS
H9c2 RS L RIEIR G P H1ER
351 miR-499c EANZEH Rg ] H0, i
H9c2 40 AL N % ROS AL s il 9
Fiw, SEEEHIE, AS 21 Rg+H,0, 4. miR-
499¢+H,0, ZH 41 h ROS 5265 B EFF% (P<
0.05. 0.01), U] miR-499¢c I A\ S E1F Re I LA

>
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C D
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8 ASEH Rgi ¥ HIc2 4HAE miR-499¢ F3EHIRNN
(Xts,n=3)
Fig. 8 Effect of ginsenoside Rgi1 on miR-499¢ expression in
H9c2 cells (X +s,n=3)
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"*P <0.001 vs model group; P<0.05 *P<0.01 vs ginsenoside Rg; + miR-499¢ + H,O, group, same as fig. 10
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Fig. 9 Effect of miR-499¢ on ROS production in resistance of ginsenoside Rg1 to H2O2-induced oxidative stress in H9¢c2 cells
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Fig. 10 Effect of miR-499c on decrease of mitochondrial membrane potential in resistance of ginsenoside Rgito H20z-induced

oxidative stress in H9¢2 cells (X + s, n=3)
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