FEH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12 . 4327 -

AT AEEE BT AR miR-219a-5p RERE/E R IHF RO

E F, £ m, FEARE, THEE, 2IF
BFremifoER LMmENE, WE HiZ 453000

B OE: B WA NEE B E/E S (hypoxia/reoxygenation, H/R) iSO AIIR G IER MK . 535 HR
P KB HOc2 /O LAH i g 7 Co LB M PR B Y, 45 AT 25 B T-70, A7 —% (malondialdehyde, MDA) 7K
FABEAM ARG (superoxide dismutase, SOD). bt H kit F 4 ¥E§ (glutathione peroxidase, GSH-Px) &1 a4/
R EHMLJE T2, Western blotting U P8 T-AHICEE KL qRT-PCR Al miR-219a-5p ik . %% miR-219a-5p mimics B
anti-miR-219a-5p, H% N miR-219a-5p ¥ T2 NERH 3% H/R FS A OUIRG/E RIS . 4R Py 2 S B i FE
(ischemia/ reperfusion, I/R) /NERIEEYL, 45 TATZ ABEE T, Kl lnys - LR AE ] TH§ (creatine kinase isoenzyme, CK-
MB) #EHEROUMEEE A T (cardiac troponin T, ¢TnT) 7K F; Ml UIZ4 MDA 7KF & SOD. GSH-Px ifft; SRAHA
FAHA (HE) Rt H 520N SUREAR L RA TTC e OYHS ISR L. 4R SXTRA S, BA4H Hc2 41
e MDA ZKF. HARIE T3 K 8 T IR R AR BR & -3 (cleaved cystein-asparate protease-3, cleaved Caspase-3)-.

cleaved Caspase-9 & [AFKIE/KFEZE LT (P<0.05), 1M miR-219a-5p ik, SOD. GSH-Px i&MEEE T (P<0.05); 4T
AJYIABE TS, MDA /K. ZHM0E T3 R T ARG H R IL B K (P<<0.05), miR-219a-5p 335, SOD. GSH-Px
WIERET R (P<0.05), HEFEAMKME: N miR-219a-5p FiE )5, RFEWEH TATANBEH H/R ¥53 10 WA 4515
HIFNRIER (P<0.05). NS RSMIMER—B ~ATANBEH REZM 7 VR 51K/ OIASRGFIRLT . & ~)
2N IR H IR I A miR-219a-5p FX M ANH]C WL EAL RIBUE T, IR H/R 355 1O B4 0
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Albiflorin attenuates hypoxia/reoxygenation-induced cardiomyocyte injury by
modulating miR-219a-5p

LI Xia, WANG Cheng, HOU Yonglan, WANG Jianmei, JIN Weidong
Department of Cardiovascular Medicine, Xinxiang Central Hospital, Xinxiang 453000, China

Abstract: Objective To explore the mechanism of albiflorin on improving hypoxia/reoxygenation (H/R)-induced myocardial cell
injury. Methods H/R was used to induce H9c2 cardiomyocytes to establish a myocardial ischemia-reperfusion injury model.
Albiflorin was used to intervene, the level of malondialdehyde (MDA) and activities of superoxide dismutase (SOD) and glutathione
peroxidase (GSH-Px) were detected; Flow cytometry was used to measure the apoptosis rate of cells; Western blotting was used to
detect the expressions of apoptosis-related proteins; qRT-PCR was used to detect the expression of miR-219a-5p. miR-219A-5p
mimetics or anti-miR-219a-5p was transfected to investigate the effect of down-regulating of miR-219a-5p on improvement of H/R-
induced myocardial cell injury by albiflorin. An ischemia-reperfusion (I/R) mouse model in vivo was established, albiflorin was used
to intervene, creatine kinase isoenzyme (CK-MB) activity and cardiac troponin T (¢TnT) level in serum were detected; Levels of MDA
and activities of SOD and GSH-Px in myocardial tissue were detected; Hematoxylin eosin (HE) staining was used to investigate
pathological changes in myocardial tissue; TTC staining was used to detect myocardial tissue infarction. Results Compared with
control group, MDA level, apoptosis rate, and expression levels of cleaved cysteine aspartate protease-3 (cleaved Caspase-3) and

cleaved Caspase-9 proteins in H9¢2 cells of model group were significantly increased (P < 0.05), while the expression of miR-219a-
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5p, SOD and GSH Px activities were significantly decreased (P < 0.05); After intervention with albiflorin, MDA level, apoptosis rate,

and expressions of apoptosis related proteins were significantly reduced (P < 0.05), while miR-219a-5p expression, SOD and GSH Px

activity were significantly increased (P < 0.05), and showed a dose-dependent relationship; After down-regulating the expression of

miR-219a-5p, the inhibitory effect of albiflorin on H/R-induced myocardial cell injury was significantly reversed (P < 0.05). The in

vivo and in vitro results were consistent, albiflorin significantly alleviated myocardial tissue damage and apoptosis induced by I/R.

Conclusion Albiflorin inhibits oxidative stress and apoptosis of myocardial cells by regulating the expression of miR-219a-5p,

thereby alleviating H/R-induced myocardial cell damage.

Key Words: albiflorin; miR-219a-5p; hypoxia/reoxygenation; cardiomyocytes; apoptosis; oxidative stress
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FEFEAE 2 Fhua IS 2095 (1) 2 BRI Tl —, fH
LA 2P 52 IR AL 5% S5 2 & A o0 JUL R I P V7 437
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(#t*5 ab32042). cleaved Caspase-9 Hifk (L5
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phosphate dehydrogenase, GAPDH) #ifk (f{it5
ab9485). —Hi (L5 ab150077) M H FE Abcam
onwEl; WIBRIES R TE§ (creatine kinase isoenzyme,
CK-MB) ELISA #jf|& ({lt'5 E-EL-M0355). 0L
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W5 (L) ARAR ] BZ-X810 A58 B i
(HARBEARAFD.
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2.1 AASER
211 WA, L5k H R (ischemia/
reperfusion, I/R) BAL\FgEE  C57BL/6 /N R AL
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FEFARH . BERHMATZNEEH (100 mgkg) P
H, FH 6 X, NG ig 45 TATZ N BE a4
FRELIKFAL TR 7 do 2 RESCHR 7 VAU O 28 /R 1524
/INER ip 0.3% G EL L Z AN BRI S5, T RN [ e, 2k
FTLEMITFRFAR, FTFHCOE, FRAE A 3
BB AT FESOERBNKA 7-0 52220454, 4%
Gk R R S (PE10) FilEREE,; O
LGk I SRS, BRI EE . RTARA
INRIATHIFEIFAR, EAFPALEOESK. AT
R PO VR, ZNBRCC IESRIM 45 min -
24 h.
2.1.2 [ CK-MB J5 A cTnT KPR /N
SRS RS, R, 4 CE.G 10min, H_EF
o 42 BREGR S0 I & CK-MB 3 PEA
cTnT 7K°F
2.1.3 LA ZI MDA 7KF & SOD. GSH-Px it
PRSI SIS JE, W/ N B SR % SR AE, N EE3)
AR TG ME, SERIN 4 CHilA ) PBS i
BRI - R AR & 1t B A 0 LZH 2 MDA 7K
V- 2 SOD. GSH-Px i1 .
2.1.4 qRT-PCR il CoIZHZH miR-219a-5p mRNA
Fik BRI X O IHEZ, SRA Trizol W54 UL
RNA, EFA MK cDNA JG#HT qRT-PCR M.
N FH SR 5% 5 5 B PCR AR miR-219a-5p X R
RE. It A T A TR A BR A = BT
H R, SR A . miR-219a-5p 1E [\ 51 ¥ 5°-
GCCGAGTGATTGTCCAAAC-3’, 2 [r 5| % 5°-
CTCAACTGGTGTCGTGGA-3’; U6 1E[H5|¥) 5°-
CGCTTCGGCAGCACATATACTAA-3’, 2 [H] 5 ¥
5’-TATGGAACGCTTCACGAATTTGC-3’.
2.1.5 FFARE-PL (HE) Jet B/ NBOOIEH 4%
RHEHATEE, AWEHE, YIRS um E1)
YR . SRJEHHT HE Jett, FET B0 T g2
GIEIELC
2.1.6 TTC 4ett  /NECOEF FLA PBS e, 40
JREHS 220 S KD 2~ 3 mm BRI . V) T4
FREFEILAF, 5E4RET 1% TTC W, T 37 C
E R A6 TP G HRE T Yt 20 min. PBS 9%, R 4%
FHEEMEE 24 h, AMRICIE. [ Image T B
IIMTRAE IR AT RO B, T IE 4 TTC 4
FRALE, FERFERBH RIABE XN, MifEstA
SRt 2 O, ERKEER B, 4
THREZE DX SR T XS AR, TSRO AR A %

AN E 7 H

FEBETH R E 43 bt = H 36 X SR AR 384N AL 07) T A
2.2 {RHhELE
2.2.1 ZHMEAEE A (hypoxia/reoxygenation, H/R)
BRI RIEE HOc2 A 10% FBS ) DMEM
BiIR%E, T 5%C0x 37 CIUREFRMANETE, XM
A FE IR E] 80%~90%IK}, fHFH 0.25%M: 4 (17
THAL G HEAT H A ARRE % o O B4R K HOc2 41
i, B0 RS AR A T 1X10* S /mL. #
AN LB K DMEM K773, BT 95% Na.
5% CO2. 37 CHIIEFRFA N BRERE TR 6h: b5 TE
N 10% FBS () DMEM K:3#3%, BT 5% CO».
37 CHIEEFFN ARG 24 b,

222 Y542 BOSEAERKI H9e2 4
ML, BLSX103ANAFLEER T 96 FLIR . W EXTREZ
RS ANAT 25 NEETF (25, 504 100 pmol/L) 4, %%
RPN NAH L2535 5% 24 WY, 0 REZE RIS AU 20
ARSI IR . 29T 240 J5, Boxt iR
AN AR H AT H/R AbEE,

H9c2 4iififi | Lipofectamine2000 %% %% miR-NC+
miR-219a-5p mimics. anti-miR-NC. anti-miR-219a-
5p 24 h, 435t N miR-NC 4. miR-219a-5p 4H.
anti-miR-NC 41 . anti-miR-219a-5p #1. 41 ffl
Lipofectamine2000 %% 4 miR-NC . miR-219a-5p
mimics 24 h J&, F#ET H/R 43, ¢4 H/R+miR-
NC #41. H/R+miR-219a-5p 41. ZHfi%%4¢ anti-miR-
NC. anti-miR-219a-5p24h j5, F% 100 pmol/L Aj
YN B R IR RS 9% 24 0, FEHEAT HR 03, 4
HHE A H/R A5 25 W B +anti-miR-NC 4. H/R+
Aj 245 M ligH +anti-miR-219a-5p 2.

2.2.3 MDA /KK SOD.GSH-Px Jif e i
LM, R REURRERAAN, 2GR E
B340 MDA /K7 A SOD. GSH-Px 7t .

224 AR R TR g,
AN EE, MMA 5 uL Annexin V-FITC. 5 uL
PLUFE 10 min, R FH I =C4H AR ASCR I 20 i 3 T %6
2.2.5 qRT-PCR #:illl miR-219a-5p mRNA ik Wit
MM, FIFH qQRT-PCR 8258 777450 miR-219a-5p
FHXT RIA &

2.2.6 Western blotting & illl cleaved Caspase-3 -
cleaved Caspase-9 H[AKIL YA, MM RIPA
RIS, AR AT e AR -5
PRI AE R vk, %% % PVDF i, &G, 29
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HI cleaved Caspase-3 (1 : 800). cleaved Caspase-
9 (1:800). GAPDH (1 :2000) $ifk, 4 CiFHE
R Pl E AP, ZRWE 2h, BE=E AR
B3, M IR E
2.3 GEitEoh
THEZRIPLX £ s KR, 21 (8] F R LA
A ¢ WIS BRI R T 2504, RA SPSS 21.0 it
AR AT
3 #R
3.1 AHRESEIE VR IFESH /RO AR SR
W 1R, AR F AR/ RO IUEF4EHEZ RN,
To W ZL BN BRI B, O LA B A% 2 45 T ARG
T s R /IN B O AT SR S5 R 52351, O ILEF SR 2L
i, WURIBRIE R, SEAA L, AT NRsE A
O AELE RN T . Wi 2 s, 51
FARA L, AR /N RO T LA A = mi B ] L
BOE E BB, SARImA S (P<0.05);
SRR LA, A5 24 A IR 4 JULH SRR AE T AR
FW (P<0.05). WFE 1w, SHEFARALLE
B, RN RO L miR-219a-5p mRNA ik
KPR (P<<0.05), IfiLiE CK-MB i1 & ¢TnT

AN

1 BENROBEALRFIEEL (HE, X400)
Fig. 1 Pathological changes in cardiac tissue of mice in
each group (HE, x 400)

K EZET R (P<0.05), LALAZ SOD. GSH-
Px 51 PR (P<<0.05), MDA /K &2 T
(P<<0.05); SRR, 2524 N Be 40N ZE
miR-219a-5p mRNA Fik/KFEEFm (P<0.05),
1135 CK-MB 3 ¥4 & ¢TnT /K72 2 &K (P<0.05),
OIS SOD GSH-Px Jif P B 2 FHH (P<<0.05),
MDA 7K & ZB#% (P<0.05). PL_EFRIIA 245 N g
HREBEINH] UR 175 T 10/ RO LA 2385 4% -
3.2 AHNEEFEMNS HR FSHONMEMENL
N 8

Wik 2 fiow, SRR LR, B 4140 M MDA
K EZE T (P<0.05), SOD. GSH-Px %1% 2 #

FEZE IR %
5

PR B AN

H5BEFARHELE: "P<0.05; SHAHE.: “P<0.05.
*P < 0.05 vs sham group; *P < 0.05 vs model group.
2 FBHENROIEFRERLLE (X+s,n=5)

Fig.2 Comparison of myocardial infarction area of mice in each group (X £s,n=5)

®1 HHAEEEIE VR FSHNROMNBLSESE (X+s,n=6)

Table 1 Albiflorin inhibits myocardial tissue damage in mice induced by I/R (X + s, n=6)

S| iR- - - -
4153 (mzj.i/_ ) miR é’xia%ggﬁif{m (grﬁ]?f) ¢TnT/(pg-mL"") MDA/(nmol-L"') SOD/(U-mL ") (GUSI:ILP’IU)
IFEZN — 1.00£0.00 89.15+10.11  71.62+745  7.56+£075  5691+6.14 41224528
A - 0.23+0.03" 263836427122 32721+36.14° 38.69+128°  25.63+3.14° 1426+221°
AZINEET 100 0.770.08" 185.67420.63"  136.79+14.59" 1021+£1.02"  46.88+4.63" 33.14+4.28"

H5IEFARHALR: "P<0.05; HEAALE: *P<0.05.
*P < 0.05 vs sham group; *P < 0.05 vs model group.



FEH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

* 4331 -

=2

AHABEEIIH R FSHOCAEBENRE (X+s,n=9)

Table 2 Albiflorin inhibits H/R-induced oxidative stress in cardiomyocytes (X £ s, n=9)

A 5 &/(umol-L™") MDA/(nmol-L™") SOD/(U-mL™) GSH-Px/(U-mL™")
o HE — 5.85+0.51 78.97+6.71 62.68+4.76
Y — 43.71+4.23" 24214221 12.43+1.19%
AJE N R 25 33.23+3.01" 39.15+3.65" 27.014+2.49*
50 23.1142.32% 54.0414.14* 40.28 +3.65%
100 9.66+0.83% 66.2414.56* 53.6144.53*

XS HALLERL: "P<0.05; SRERALLE: *P<0.05, % 3. 4[f.
P < 0.05 vs control group; *P < 0.05 vs model group, same as tables 3, 4.

PEAR (P<<0.05); SREMUALIELEL, A525 BT %57
2 MDA /K1 BEFEL (P<0.05), SOD. GSH-
Px WG EE TS (P<0.05), HEFEMKME.
3.3 AAANESEINE /R FESHOAEAT
W 3 fian, SRR LR, B AH 4
] cleaved Caspase-3 cleaved Caspase-9 4 [13K1A
KFRZFEFE (P<0.05); SHEABALLE, AN
i 7 %% 75 S AL 40 M B 1% J2 cleaved Caspase-3 -

cleaved Caspase-9 i H Rk /K& FIL (P<
0.05), HEFIEAKAN:.
3.4 AHAREE LA HR FSUAMEET miR-
219a-5p Rik

W 3 fror, SR, WA miR-219a-
5p mRNA S/ Z PR (P<0.05); HHEAA
b, AjZ B AR miR-219a-5p mRNA &
KR TR (P<0.05), HE7EMIEME,

A RPN EET/(umol- L) 109
X BR 25 50 100 -
IH 0.8 =
cleaved Caspase-3 . S-S a— e | 7 X 104 2 | %
E 0.6 =752 N EEEF 25 pmol L
Cleaved Caspase-0 e WS SN aw— ow— 3 5 |)* = 041 A5 2 ATEE 50 pmol L
Z 02 =75 245 P EEEF 100 pmol L™
GAPDH WS S S A G (0
0 -
cleaved Caspase-3 cleaved Caspase-9
B
of R e
10 3
103 E K j
= 1021 » 3 g
10] 4 . i 5 #
e e v g ¥
0 10" 10> 10® 10* 0 10" 10> 10® 10* A1
Annexin V FITC Annexin V FITC iy
=
AT NS 25 pmol-L! AJZINTETF 50 pmol-L! AJZINTETF 100 pmol-L7! 8
101
103 £ . 4 X 25 50 100
3 ; : AJ N R T/ (umol- L)
= 1024 " '§ 4 . ; : tﬁ P ‘2'1'
10"+ ,“ ¥ 1 i & E 4
0 . Ty . T v v T u T
0 10" 10> 10® 10* 0 10" 10> 10® 10* 0 10" 10> 10° 10*
Annexin V FITC Annexin V FITC Annexin V FITC

A-Western blotting KrillJH TSGR FH#R; B-FRAMAUS IR, FIRIFE; SXHEAE: "P<0.05; HFAHLEE:: #P<0.05.
A-expressions of apoptosis-related proteins detected by Western blotting; B-cell apoptosis detected by flow cytometry, same as below figures; "P < 0.05

vs control group; *P < 0.05 vs model group.

3 FHNEEX HRIFSHOINAMBTHER (Xts,n=9)
Fig. 3 Effect of albiflorin on H/R-induced apoptosis of cardiomyocytes (X + s, n=9)
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3 HHANEEE LA /R FESCIMEEF miR-219a-
SpFE (X+s,n=9)
Table 3 Albiflorin up-regulated expression of miR-219a-5p
in cardiomyocytes induced by H/R (X £ s,n=9)

s3] ikl miR-219a-5p mRNA A%}
] (umol-L™") KikE
Xt — 1.00£0.00
T — 0.28+0.03"
A5 25 N TR 25 0.42+0.03%
50 0.5740.04%
100 0.7310.06"

3.5 miR-219a-5p T FTIEAFH H/R FSHOAL 4R
Lyl

HOc2 4 il 43 7 %% 4% miR-NC. miR-219a-5p
mimics. anti-miR-NC. anti-miR-219a-5p24h, 1
4 firn, 5 miR-NC 414, miR-219a-5p 4 miR-
219a-5p mRNA FTIEKFRETE (P<0.05); 5
anti-miR-NC 2 L4, anti-miR-219a-5p 4 miR-219a-
5p mRNA FIAKF B E K (P<0.05). 404y
miR-NC. miR-219a-5p mimics 24 h J&, F#E1T7 H/R
AbEE, i 5 MK 4 B, 5 H/R+miR-NC 4t

50

40

30

20

miR-219a-5p mRNA A%} FEiL &

1 ENN s

miR-NC miR-219a-5p anti-miR-NC anti-miR-219a-5p

5 miR-NC A% "P<<0.05; 5 anti-miR-NC A EL#L: #P<<0.05.
*P < 0.05 vs miR-NC group; *P < 0.05 vs anti-miR-NC group.

4 qRT-PCR #30 miR-219a-5p iK% (X+s,n=9)
Fig.4 Expression of miR-219a-5p detected by qRT-PCR
(X+ts,n=9)

#, H/R+miR-219a-5p 20 MDA 7K>F-. 4T3
J cleaved Caspase-3 cleaved Caspase-9 £ [ 1A 7K
2 3 K (P<<0.05), SOD. GSH-Px i1 .3 7t
B (P<0.05). KW miR-219a-5p iLFRIEMH] HR

75O WLGH 5475 o

A
1.0 1
H/R+miR-NC H/R+miR-219a-5p E H/R+miR-NC
% 0.8 &= H/R+miR-219a-5p
cleaved Caspase-3 W SRS 7504 ®
= 0.6
= x
cleaved Caspase-0 NN W— 3 5 |0* o 044 *
i 0.2
GAPDH S S 3G 10 '
0 - T T
cleaved Caspase-3  cleaved Caspase-9
B
H/R+miR-NC H/R-+miR-219a-5p
10
3 3 50 —
10°
E E 40 —
10 3 304
5 41
R 4 o =
3 3 23 2 20+ .
: =
10! 4 '{l 5 . = 10 s ]
4 1 s, -
3 :
0 ] 0 T
% - H/R+miR-NC H/R-+miR-219a-5p
- -y e | ”w TR v v vyvey LMLy BN SN AR A4
0 100 102 103 10* 0 100 10% 103 10*
Annexin V FITC Annexin V FITC

5 H/R+miR-NC 41 H#: "P<0.05.
“P <0.05 vs H/R + miR-NC group.

5 miR-219a-5p 1l H/R FSHLANMEMEAT (X+s,n=9)
Fig.5 miR-219a-5p inhibits H/R-induced apoptosis of cardiomyocytes (X +s,n=9)
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&4 miR-219a-5p F H/R FFHVOAAESA (X+s,n=9)
Table 4 miR-219a-5p inhibits H/R-induced damage of cardiomyocytes (X + s, n=9)

A miR-219a-5p mRNA #Xf£iA & MDA/(nmol-L ™) SOD/(U-mL™") GSH-Px/(U-mL™)
H/R+miR-NC 1.00+0.00 47.41+3.86 23.1942.19 10.7440.99
H/R+miR-219a-5p 2.93+0.24" 14.98+1.13" 58.07+4.39 47.14+4.56"

5 H/R+miR-NC 4LEL#;: *P<0.05.
*P < 0.05 vs H/R + miR-NC group.

3.6 T miR-219a-5p ¥5 TAANEEEX H/R  ZiNEEE +anti-miR-219a-5p 20 H9c2 4Hg MDA 7K
FSH OB 2R AEIR 4R R HNHI1E A o gH M 1D % K cleaved Caspase-3 .+ cleaved

HOc2 404y %5 4% anti-miR-NC. anti-miR-  Caspase-9 & A&k /KF 53 7 (P<<0.05), SOD.
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Fig. 6 Down-regulated of miR-219a-5p reverses effect of albiflorin on H/R-induced apoptosis of cardiomyocytes
(X*s,n=9)
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Table 5 Down-regulated of miR-219a-5p reverses effect of albiflorin on H/R-induced damage of cardiomyocytes
(Xts,n=9)
FIE/  miR-219a-5p mRNA GSH-Px/
ZH o MDA/ I-L! SOD/(U-mL™!
1 (umol-L™) AR RIS R (nmo ) (UrmL7) (U-mL™)
H/R+A525 WG H +anti-miR-NC 100 1.00+0.00 9.42+0.62 68.85+4.69 54.37+5.09
H/R+A5 25 W +anti-miR-219a-5p 100 0.25+0.02" 32.66+3.12" 35.64+3.14" 24.1942.22"

5 H/R+A52 9 5 +anti-miR-NC 2 H#: *P<<0.05.
“P <0.05 vs H/R + albiflorin + anti-miR-NC group.
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