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T2 L% E it PCR(RT-qPCR) £ 01 miR-290-5p (93235 ; 25 1 BT ENIC ( Western blot) R i ok UL - 3 - 52 B/
HEE BN B(PI3K/AKT) {5 Sl B AHC R IR, R 8.16.32 pmol/L 1 MID HikbHE HOC2 41 fif i 45 410 i
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Midazolam inhibits hypoxia-induced cardiomyocyte damage by up-regulating
miR-290-5p to regulate the PI3K/AKT signaling pathway

JIANG Tingting, MA Xinghua”
( Department of Anesthesiology, 3201 Hospital Affiliated to Xi’ an Jiaotong University Medical College, Hanzhong 723000, China)

[ Abstract]  Objective To investigate the effects and molecular mechanisms of midazolam ( MID) on myocardial
cell injury induced by hypoxia. Methods To determine the optimal MID concentration, HO9C2 cells were pretreated with
different concentrations of MID for 24 h, induced with hypoxia, and the survival rate was assayed using the cell counting kit
(CCK-8). HI9C2 cells were divided into seven groups: normal control ( NC); hypoxia; MID + hypoxia; microRNA
(miRNA) negative control (NC) + hypoxia; miR-290-5p + hypoxia; anti-miR-NC + MID + hypoxia; and anti-miR-290-
S5p + MID + hypoxia. Flow cytometry was used to detect apoptosis. Real-time quantitative PCR (RT-qPCR) was used to
detect miR-290-5p expression. Western blot was used to detect phosphatidylinositol-3-kinase/protein kinase B ( PI3K/
AKT) signaling pathway-related protein expression. Results The cell survival rate of HIC2 cells pretreated with MID at
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8, 16 and 32 pmol/L was significantly increased after hypoxia (P < 0.05); 16 pmol/L was the optimal concentration.

Compared with the NC group, the apoptosis rate of H9C2 cells in the hypoxia group was significantly increased, while the

expression of miR-290-5p and the PI3K pathway activity were significantly reduced (P < 0.05). Compared with the

hypoxia group, the apoptosis rate of H9C2 cells in the MID + hypoxia group was significantly reduced, and the expression

of miR-290-5p and the activity of the PI3K pathway were significantly increased (P < 0.05). Compared with the MID +

hypoxia group, the survival rate of H9C2 cells in the miR-290-5p + hypoxia group was significantly increased, and the

apoptosis rate was significantly reduced (P < 0.05). Compared with the anti-miR-NC + MID + hypoxia group, the survival

rate of H9C2 cells in the anti-miR-290-5p + MID + hypoxia group was significantly reduced, the apoptosis rate was

significantly increased, and PI3K pathway activity was significantly reduced (P < 0.05). Conclusions

Midazolam

protected hypoxia-induced cardiomyocyte damage by upregulating miR-290-5p to activate PI3K/AKT signaling pathway.

[ Keywords)

TR RIS UE S, RS2 O JUL R I 174 8 7 05 P
T, R S M i S T B R0 WL MR T 2 K
O LA AR 7, AT S B0 WUREZE & A= L B,
PRI T 00 LA A543 1 A e — Rl ik e
R0 JULAE BB 36 97 SR I Rk 22 %E ( midazolam,
MID) 5144 B IR W4 AR 22 | FL A LR () 4 — R
HG PR E , KA LISE, MID Bl A N & — b sd 45
RO BLER 2, )12 0 166 DR PR B AR 117 45 2 L
WP 2 WA A R A BT AR LI PR 45
HilAF AR BB R, MID AT AR i 45T
ST E B0 WLAE I T, LA 2F K JE AL FEE A
MID Ji5 42b BAT B I8 9 8 O R AL O L ke i 599
B30 SR, MID X e S 75 300 WL AH 453 493 114
PR VEFIAL I IT A W8 . miR-290-5p 2 3 472k &
BTN RNA B9 B 76 MBI 15 5 10 B 42 40
miR-290-5p ik T4, 5 P 8 52 1 3% miR-290-5p
W A S R R B 4R . AR, miR-290-5p 7E
O JULEH B s 420453 40 v 9/ L MID Jf2: 5 3 o 8 4%
miR-290-5p B KR VE R AR, Rk, A
WF5E 38 3 UEE MID X B A% 14 T o0 WLAR A7 O
T2 LA J% miR-290-5p FRiB A, #1548 7 HAR 4 1E
FHHLE], LA R MID FH 198 il 42075 5 040 UL 41 A
405 B4 B IR

1 #RFFxE

1.1 SCIS4Ra

KECC LA HOC2 W [ i F 2 e Mgl 3% 5%
VIR ZE 5y S AN
1.2 EFERH

DMEM Ri5%3E 4= i . & 8% R IR A Wl
FRICE A AT RHE A BR A 7] 5 BRI 2 2 (4L
20111005 ) W4 T 43 M B A 25\l 4 A A PR 3¢ 41 2

midazolam; cardiomyocyte injury; miR-290-5p; PI3K/AKT signaling pathway

M H0K 7] £ (Cell Counting Kit 8, CCK-8) I T
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DT &0 T Rt T ME R A W BB A IR W) 5 3
SRF & AP E 7 PCRAKF &I T KEEAEY
T A R 2 Al miR-290-5p #&% 481 % ( miR-290-5p
mimics ) 5 H: B % B8 ( miR-NC) . miR-290-5p 171 i
¥ (anti-miR-290-5p) M FFH 4 X} B (anti-miR-NC) |
PCR 5|9 LA TAEY) TR A A FRA w42
o IR AL 912 D1 (eyelinD1) Poid | G I 16 19 &
P e 2R 1) R 4 SR £ 1 7K A T 3 ( Cleaved caspase
3, C-caspase-3) Pk AR B-LBhE I ( B-actin) R
TR R AL O B IR R AL — 3 — F2 0806 ( p-PI3K) BN
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HOC2 41 1% Tl DMEM 553535 (& 10% 54 1
THM 1% 58 R 5598, BT 37T C A G 48
(%1% 0,.5% CO,.94% N,) NE;5 48 h gL L
240t B A A RS
1.3.2  MID X HAEIHE S 0O WL AR T DL &
miR-290-5p FZik 5 M

(1) CCK-8 YK I 40 A7 15

% HOC2 A (‘BEFL 5%x10° cells) 70 E] 96 fL
M43 1EH (NC) 41, #5148 (hypoxia ) 21, MID +
hypoxia ZH (43 52k HI 2V B R 8 (16 .32 pumol/L 1Y
MID AbFHLC> LA AR5 A 7 i S A 3 ) 4% 2 4 B i
FFARR AL BR S B FLINA 10 wL B9 CCK-8 iR 5, %
FEFAWEE 4 h, WAL E 450 nm K AL ARG BE
i, #EHZHEH 16 pmol/L,

(2) 20 M A0 240 A e 1
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I 4E NC 4 hypoxia ZH . MID +hypoxia 21 H9C2
YA, PBS PRIARANML 2 UK, SRS & 28 tiil I8 4% hy B
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AR Fi BB Annexin V-FITC/PL iR & i Fi k6
DU A LR T

(3)RT-qPCR il miR-290-5p ()78 1k 7K F-

WAE NC 4H | hypoxia ZH . MID +hypoxia 21 H9C2
AN, PBS YEANME 2 YK, TRIzol 1s$2 B4 2H 41 i
& RNA, Bl Ji5 i 47 396 %% 5% ) % F RT-qPCR B,
miR-290-5p HIFIKLL U6 RN 2 44 18 274415
HRBKF, 518FHF (57 =37 ) : miR-290-5p
51 ¥ : GCTGGGTTTCACGGGGGTATCAA , T il
5% . TCAACTGAGTGCCGTAGGGTGCG ; U6 | i 5|
. CTCGCTTCGGCAGCACATATACT, K i 51 #.
ACGC TTCACGAATTTGCGTGTC,,

(4) Western blot #illl Cleaved-caspase-3 [ 31k
K

W NC 2 hypoxia 2, MID +hypoxia 21 H9C2
YA, SR FH RIPA ZLAR MRS 25 AL A 1 4
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RE AT 5 DY M Tk Y O i rEL YK S R P Y 0
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ESLY/ O
1.3.3 333K miR-290-5p XF.0> (L4 B AE 35 FniE T

1) 5% ]
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miR-NC 48 h J5 #F 47 Bt 4 %5 2 ) . miR-290-5p +
hypoxia 21 ( % 4% miR-290-5p mimics 48 h J5 #E17 6k
RS o He MR IR 2D RS T 45 20 40 M 1) A7 1 L O
T- LA & CyclinD1 1 Cleaved-caspase-3 & H 19 3 ik
TH O
1.3.4  MID ¥4#% miR-290-5p ik % Bt 4815 S0 WL
2 B A3 3 1 52

B HOC2 444 anti-miR-NC +MID +hypoxia
2H (§5 Y% anti-miR-NC 48 h 5, 47 MID T HiAIBLA
AbFE) | anti-miR-290-5p+MID +hypoxia 21 (% 4% anti-
miR-290-5p 48 h Ji7 , ¥E4T MID FHAIBLE AL FE ) | 4%
R b oA 2 TG A% 4H AN Y AE L T L R

CyclinD1 F1 Cleaved-caspase-3 5 [ B iR 1H L
1.3.5 MID % miR-290-5p &A% i 475 S0 L
Y fA 1 PI3K/ AKT 15 538 F% 1) 52 1

e NC 4 . hypoxia 2, MID +hypoxia 2 . anti-
miR-NC + MID + hypoxia 4 . anti-miR-290-5p + MID +
hypoxia 241 HOC2 4 fifl , % 1 L& Western blot 20 3R
D45 2 40 i PI3K/AKT 155 38 [ OG5 2 11 p-PI3K
Al p-AKT HyFRIKAKF,
1.4 SZitEHE

BB LT BB hn 2 (& £ ) Fom, T
B Hr R 1 SPSS 20. 0 #EAT, PIALIA] H AR
FH ¢ K555 22 20 18] ek B R R O 26 904, R
SNK-q Kz g i 47— i la] th i, P<0.05 H 255
EEE N -0

2 #R

2.1 A[ERE MID Xt L4 HIC2 YE3E Y #5 M
CCK-8 S 25 KW, L3 1,5 NC 41 H g,
hypoxia ZH HOC2 4 Jf 7 15 2% k. 3 B A1 ; 5 hypoxia
ZH 5,8 umol/L MID+hypoxia 21 .16 wmol/L MID+
hypoxia 2 .32 wmol/L MID +hypoxia ZH 21 ffd 77 1 %
WEFFE(P<0.05), Kl MID #e RN, HOC2 41
LAFIE 2R 52 S T v PR AR 3, B 16 pumol/L 1Y
MID #47 Je 22555
2.2 MID X0 AR R HIC2 (AT R &N
S AR FT Western blot SZE045 L 0H | LA
1 F13E 2,5 NC 4 H 42, hypoxia £ HOC2 4 I8 1=
#  Cleaved-caspase-3 % 21k B 3 15 ; 5 hypoxia
2 H B¢, MID + hypoxia 2H 40 i8I 7= % | Cleaved-
R 1 KRRV MID X0 L4 HOC2 A7 i)
(% +s, n=3)

Table 1 Effect of different concentrations of MID
on the proliferation of cardiomyocyte H9C2

5 AT A (%)
Groups Cell survival rate

X HE NC 100. 86+10. 09
B Hypoxia 42.53+4.26"

8 wmol/L BRIMEZE 5+ 4

#
8 wmol/L MID+hypoxia 52.25%5.22
16 pmol/L BRI 22 5 +it 4 731157 31
4
16 pmol/L MID+hypoxia o
32 pmol/L D AR 22 5 + B 4 70, 4647, 05*
32 pmol/L MID+hypoxi T
F 30. 088
P 0. 000

.5 NC s, * P<0.05; 5 hypoxia HL#2, %P<0. 05,
Note. Compared with NC, * P <0. 05. Compared with hypoxia, *P<0. 05.
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caspase-3 2 11k I Z AL (P<0. 05)
2.3 MID ¥} miR-290-5p &iXEHIF M0

RT-qPCR S 45 R KW, W3k 3, 5 NC 41k
# , hypoxia 21 HOC2 4 fifl miR-290-5p (13 ik .
% ;5 hypoxia 21 HL# , MID+hypoxia 21 HOC2 4 fifd
miR-290-5p 31k 2 E T+ (P<0.05) ,
2.4 HFRiE miR-290-5p 330 AL AR HIC2 HE3E
bR ;oA

ZER LR 4 FIA 2 , 5 miR-NC +hypoxia 20 AR ,
miR-290-5p + hypoxia 20 HIC2 4 Jfi miR-290-5p #i
CyclinD1 2 F1 B ZR KKV 40 ML AA 35 3 8 3% T,
Cleaved-caspase-3 5 [ 1) 2 35 7K A A0 i I 12K 2
FEAR(P<0.05) ,

A B
% A
AR % i e WS
f ; ARy P A W
o LR o NS
por +f

Cleaved- — . —
caspase-3

Bractin | W

T s
I

Annexin V-FITC
TE A TR (SRS T 41 T 5 B . Western blot £l Cleaved-
caspase-3 2 11Kk,
B 1 MID XS0 LA HOC2 T i 520
Note. A, Flow cytometry to detect apoptosis. B, Western blot
detection of Cleaved-caspase-3 protein expression.

Figure 1 Effect of MID on apoptosis of cardiomyocyte H9C2

£ 2 MID XA HOC2 JHT-AYSEM (& =5, n=3)
Table 2 Effect of MID on apoptosis of cardiomyocyte H9C2
2 PT-% (%)

Cleaved-caspase-3

Groups Apoptosis rate
NC X B 0.30+0. 03 6.99+0. 70
Hypoxia Ht4 0.92+0.09 * 20.35+2.04*
DK I 2 52 il 4
ﬁéiﬁfﬁf 0.450. 05* 10. 38+ 1. 04*
F 81. 887 75.712
P 0. 000 0. 000

.5 NC H#, * P<0. 05;45 hypoxia 32 ,*P<0. 05,
Note. Compared with NC, * P<0. 05. Compared with hypoxia, * P<0. 05.

2.5 {K3&R3IE miR-290-5p T L& 4 iFidE MID 30
AIL4H AR HOC2 1E3EFA TR =M

TLE 3 FiiZk 5,5 anti-miR-NC+MID+hypoxia 21
Fb#5 , anti-miR-290-5p + MID + hypoxia £ HOC2 4 fify
miR-290-5p il CyclinD1 & (4 B F k7K F 40 077 1%
R 2 [ , Cleaved-caspase-3 B H PR IR KR
AL TR R E T (P<0.05) o
2.6 PBK/AKT 55 EERHEXEQNRIE

ULE 4 F15% 6,5 NC 41 b4, hypoxia 41 HOC2
4 p-PI3K A1 p-AKT A 3Rk K F B EREAL; 5
hypoxia 41 H%% , MID +hypoxia 41 HOC2 4f il p-PI3K
Fl p-AKT Y R IK 7KV 3 F+ 55 5 anti-miR-NC +
MID+hypoxia 41 F#5 , anti-miR-290-5p +MID +hypoxia
ZH HOC2 4HffS p-PI3K Hl p-AKT Y Fik KT i 3 %
i (P<0.05) .

3 itig

BRAEUE O UL FEE a2 —, SREUIRE
LR A T R S8, R B AU L, R
5 | A A P A BRI B R, 5 e o AL L A5 £
PTG, e B A T 1 UL A5 A
AP TR B IS E R E 2

&3  MID %F miR-290-5p FIAAUEM (& =5, n=3)
Table 3 Effect of MID on miR-290-5p expression

25 Groups miR-290-5p
NC X B8 1. 00£0. 12
Hypoxia Hit% 0.35+0.04*
IR A 2 5 + (4R B
MID+hypoxia 0.86=0.09
F 43.705
P 0. 000

5 NC Ib#, P <0.05; 5 hypoxia Ltiﬁf,”P<0. 05,
Note. Compared with NC, * P <0. 05. Compared with hypoxia, “P<0. 05.

R4 FHFEIE miR-290-5p XL AL HOC2 #4858 AT (& 5, n=3)
Table 4 Effect of high expression of miR-290-5p on proliferation and apoptosis of cardiomyocyte HOC2

4 AR 2% T (%
A7) miR-290-5p CyclinD1 Cleaved-caspase-3 HF % (%) BT (%)
Groups Cell survival rate Apoptosis rate
- T
Iﬁﬁi ﬁki, 1.00+0. 11 0.40+0. 04 0.90+0. 09 43.02+4. 31 20. 88+2.09
miR-NC+hypoxia
miR-290-5p+5k 48 . . . . «
. . 2.36+0.24" 1.02+0. 10 0.42+0.04 90.21£9.02° 9.69+0.97
miR-290-5p+hypoxia
t 8.922 9.971 8. 441 8.176 8.412
P 0. 001 0. 001 0. 001 0. 001 0. 001

F: 5 NC HE, " P <0.05,
Note. Compared with NC, * P<0. 05.
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Figure 2 Western blot detects expression of CyclinD1,

Cleaved-caspase-3 protein
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caspase-3 “
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3 f%FIX miR-290-5p AT LAER 4338 % MID %t HOC2 O LAt L
CylinD1 Fl Cleaved-caspase-3 i F F3K 1521
Figure 3  Low expression of miR-290-5p can partially
reverse the effect of MID on the expression of

CylinD1 and Cleaved-caspase-3 in cardiomyocytes H9C2

5 {LFIE miR-290-5p AT LLHAT00%E MID %FCLANME HOC2 3858 JHT-MIEMI( & =5, n=3)
Table 5 Low expression of miR-290-5p can partially reverse the effect of MID on the proliferation and

apoptosis of cardiomyocyte H9C2

ZH 5 4 1 R (% T (%
A7) miR-290-5p CyeclinD1 Cleaved-caspase-3 Hﬂﬂ@ﬁ(ﬁi( 0) HL 8 K( %)
Groups Cell survival rate Apoptosis rate
25 BFAR + DRI 27 5 + B AR
j[ﬁ{zf{ Nﬁj\ﬁ[ﬁl @%ﬂ 1.00+0. 11 0. 88+0. 09 0.42+0. 04 72.69+7.27 10. 66+1. 07
anti-miR- hypoxia
anti-miR-290-5p+ PRI 5 + i 41 .
M;;t?.];qiﬁ.zgogpiani fypfff\ 0.3320. 04" 0.45+0. 05 * 0.80+0. 08~ 50. 36+5. 04 17.8921.79
t 9.915 7.234 7.359 4.372 6. 005
P 0. 001 0. 002 0. 002 0.012 0. 004

7 . 55 anti-miR-NC+MID+hypoxia A, * P <0. 05,
Note. Compared with anti-miR-NC + MID + hypoxia, * P <0. 05.
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Bl 4 Western blot Kzl p-PI3K  p-AKT & H 9315
Figure 4 Western blot detects p-PI3K, p-AKT

protein expression

FIHLIK , MID BT %O L AR B4t 3 B A O
PER . XIRILAEN BESE & B MID T4k 35 n] i
SR AVET 5K D) BE Wl PR O R O A A O
RO LA TR AR BE D, BRI B A e
IO, DR O JUL AR A5 4 R B . A ARt MID
ST T ] T A v O OLZE 2R R o S e a4

R 6 PBK/AKT {5 SE MR EARIRIE( % 5, n=3)
Table 6 Expression of PI3K/AKT signaling
pathway related proteins

2H 5
4151 p-PI3K p-AKT
Groups
XF I8 NC 0.70£0.07  0.620.06
B4 Hypoia 0.32£0.03"  0.20+0.02"
W2+ B , ,
MID+hyporia 0.62+0.06*  0.50+0. 05
2 AR DRI 5 4B
. 600. 520,
Anti-miR-NC+MID+hypoxia 0.600.07 0.5220.06
Anti-miR-290-5p-+I 22 5 + B4R, N &
Anti-miR-290-5p+MID+hypoxia O 40%0- 047 0.330.03
F 24. 264 38.155
P 0. 000 0. 000

5 NC HE, * P <0.05;5 hypoxia FL4%,#P<0. 05; 5 anti-miR-NC
+hypoxia+MID L2, % P<0.05,

Note. Compared with NC, * P <0.05. Compared with hypoxia, ®P<0. 05.
Compared with anti-miR-NC + hypoxia + MID, % P<0. 05.

PN B A R IR 7 A 2k o, 0 3 k1l UL E B AT
BURAEH] . A5 K BLERE0F 55 O LA B A7 3%
R FEFEAR, AR AR A 4 T H R A OKE R
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miR-290-5p & miR-290-295 #% il i ;1 22—, Bf
AR miR-290-295 7E /)N B AG 1 41 i B A i
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FICAAE T AN BLRE AN, miR-290-295 i
AR EAIE G I S S d | ik 240 B 384 5, £ B 1k
ANERVR G T 40 M 8 T R AR R SR,
miR-290-5p 7EHR 4175 T 140 LA i 453 495 b (4 4
WAL, AESY WR BT TR O LA miR-
290-5p 11235 0 S RRAK, 177 R s 22 5 191 Ak B M 442 v
B S T O LA M miR-290-5p ik K P, i#E—
A UIRE T B, 3 23K miR-290-5p 7] $2 5 B4 1
SO WU BRAEE 2, AR B 415 3 0 AL A i
T2, 3 TS PR FE 5 11 CyelinD1 | REAR AR 94 T2 85 A
Cleaved-caspase-3 1 ik /K, 5 MID it &b # X} ik
A5 TR LA IR R PR R AR ], BeAh, A
WEFE R Bl miR-290-5p ik b 1] 38 43 330 5% MID
XoF i AR S 0 UL 40 R AE 36 B0 R A s e, DL
WEFE I E 38 miR-290-5p J& MID X k4017 T 1.0
WLAR 453473 2% #5 AR 4V FE 0 SR 2L

PI3K/ AKT 15538 [ A4 0T 7F S S i i 453405 )5
MR R 2 OB TS SR R PR, miR-
181c .miR-335 %5 £ ' miRNA i@ i 4 #% PI3K/AKT
15 5200 % o 3 0 UL BB ot 2 SR 401 AR AT
75 MID Fitik 3 AT ek 5 s 40155 5 X PI3K/AKT {5 %
T A0 VR, T miR-290-5p 2 34 #4330
B MID X8 A5 5 090 L0 M PI3K/AKT {5 518
PRIRALBYSZ A . $275 MID JEad b3 miR-290-5p ¥4
% 13K/ AKT {5538 i 1F 1mj X6 S 4208 5 100 JUL AN At
P HA R ER

2 FRRR  ARFSEIESE MID i gd |5 miR-290-
Sp ATIRER GRS S T 0O LA IR 0 T, 2 s LA i
TEI  WHER S S 100 JULAN i 4540 B AT AR Ve
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