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Protective effect of dexmedetomidine combined with sevoflurane on myocardial ischemia/reperfusion injury in
diabetic mice

JIN Hui' ,XIAO Zhi-bo' , GE Shu-sheng' , WU Xiao-jing' , YIN Shun-hua®,LI Yuan' (1. Department of Anesthesiology, First
Affiliated Hospital of Hainan Medical College , Haikou Hainan 570100, China;2. Department of Anesthesiology, Hainan Women and Children
Medical Center,Haikou Hainan 570100, China)

Abstract: Objective To explore the protective effect and the molecular mechanism of dexmedetomidine (Dex) combined with sevoflu-
rane-post conditioning ( Sev-postC) on myocardial ischemia/reperfusion injury (ML/RI) in diabetic mice. Methods In vitro experiments:
H9¢2 cardiomyocytes were cultured under low glucose (LG) and high glucose (HG) conditions respectively, hypoxia/reoxygenation ( H/R)
injury models were induced ,and cells were treated with sevoflurane (Sev) or sevoflurane combined with dexmedetomidine (Sev + Dex). CCK-8
was used to detect the viability of cardiomyocytes. ELISA was used to detect the levels of lactate dehydrogenase (LDH) , creative kinase
isoenzyme MB ( CK-MB) , superoxide dismutase (SOD) and malondialdehyde (MDA) of cells. Western blot was used to detect the expres-
sions of hypoxia inducible factor 1 subunit alpha( HIF-1a) and macrophage migration inhibitory factor( MIF) of cells. In vivo animal experi-
ments; MI/RI models were constructed by using healthy mice and type 2 diabetic mice, respectively, and the mice were given Sev-postC or
Sev-postC + Dex treatment. Western blot was used to detect the expression of HIF-1a and MIF in mouse heart tissue. HE staining was used
to detect myocardial tissue damage in mice. ELISA was used to detect the serum LDH and CK-MB levels, as well as the SOD and MDA levels
of myocardial tissues. Results  The results of cell experiment showed that compared with the LG-Control group, the cell viability in the
LG-H/R group was significantly reduced (P <0.01) ; compared with the LG-H/R group, the cell viability of the LG-Sev group was signifi-
cantly increased (P < 0. 01 ) ; compared with the HG-Control group, the cell viability in the HG-H/R group was significantly reduced
(P >0.05) ;compared with the HG-H/R group, the cell viability in the HG-Sev group was not significantly changed (P >0.05) ,while the
cell viability in the HG-Sev + Dex group was significantly increased (P <0.01). Compared with the HG-H/R group, the levels of LDH,
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CK-MB,SOD and MDA in the HG-Sev group were not significantly changed (P >0.05) ;while the 4 above indicators in the HG-Sev + Dex
group had significant changes (P <0.01). Compared with the HG-H/R group, the expression of HIF-1a and MIF in the HG-Sev group were
not significantly changed (P >0.05) ,while the expression of HIF-1a in the HG-Sev + Dex group was significantly reduced (P <0.01) ,and
the expression of MIF was significantly increased (P <0.01). The results of the mice model study showed that in diabetic mice, compared
with the DM-MI/RI group,the expression of HIF-1a and MIF in the DM-Sev-postC group were not significantly changed (P >0.05) ,while
the expression of HIF-1a in the DM-Sev-postC + Dex group was significantly reduced (P <0.01) ,and the expression of MIF was significantly
increased (P <0.01). HE staining results showed that compared with the DM-MI/RI group,the myocardial injury in the DM-Sev-postC group was
not significantly relieved, while the myocardial injury in the DM-Sev-postC + Dex group was significantly relieved. Compared with the
DM-MI/RI group,only the levels of LDH,CK-MB,MDA and SOD in the DM-Sev-postC + Dex group had significant changes (P <0.01).

Conclusion Dex combined with Sev-postC can significantly alleviate the MI/RI in diabetic mice.

Keywords : dexmedetomidine ;sevoflurane-post conditioning ; diabetes ; myocardial ischemia/reperfusion injury
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tive kinase isoenzyme MB, CK-MB) ELISA 5| & (it
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reoxygenation , H/R) kb3 ; @ LG-Sev 4 , {04 55 3% 414
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H9e2 .0 LAN L #E4T H/R Ab B JS 768 S A1 T ak st
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1.5 MI/RI /s AEAR
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TEPEFD MDA JKF- i F] BCA 8 e 5 i) 2w 26
S S MR, 1] BioTek BAR{XAE 450 nm
WA AL R S AH
1.9 Western blot #-m)|

BRI LA L Vi O R AN S g S L B
RGP RIPA 240, FE R A TS U S0
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(W BERE 131 000) B f MIF FLg (B 101 000) —
PrT 4 CHFEREE SRS 2 KA TBS-T YR 3 ik,
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AR (P <0.01) ;5 LG-H/R 41, LG-Sev 441
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HG-SevZ] 5 HG-H/R 4 4ii fi 71 fig )1 LL i 22 7 o4
B X (P >0.05) , WK 1a, 5 LG-Control 414H
LG-H/RA14H L SOD /K- FF#AK (P <0.01) ,LDH
CK-MB MDA /K-35 8 27485 (P <0.01) ; 5 LG-H/R
AR, LG-Sev 4 SOD /KF- W % EJ+H (P <0.01),
LDH ,CK-MB MDA /K- g ZH M (P <0.01), 5

HG-Control 414f [, , HG-H/R 414 s SOD 7K - 1 %
(P <0.01),LDH.CK-MB . MDA 7K 5 % F &5
(P<0.01); HG-Sev 4] 5 HG-H/R 41 SOD. LDH,
CK-MB, MDA /KK Z R ¥ LG5 it % B X
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LG-H/RZI Al HIF-1a FRIK B Z T+ (P <0.01) ;5
LG-H/R 41 #f k., LG-Sev 41 HIF-la % ik & 2 [ %
(P<0.01), 5 HG-Control 41 #H It., HG-H/R 4H 41 Jity
HIF-la 5 & T} 5 (P <0.01) ; fiif HG-H/R 415
HG-Sev 4] HIF-la RIX B ERF LRI ¥ E XL
(P>0.05), 5 LG-Control ZHAH [, LG-H/R 41 MIF %
KB F(P<0.01) ;5 LG-H/R 414H I, LG-Sev 4]
MIF % ik % F# (P < 0. 01), HG-Control 4.
HG-H/R4 \HG-Sev 41 MIF ik H Ak 22 R ¥ L4 it
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Jl MIF 55 B2 PR (P <0.01) , WA 1f,
2.2 Dex i@ it L8 MIF 32 35% Sev & 2 %3 L 2w el
H/R#4% 69 %47 VE R

5 HG-Control ZHAHY , HG-H/R H4MlEA/7TEGE 11 5.
HRAL(P <0.01) ;5 HG-H/R 41H kb, HG-Sev 4141 fifg
FEEREI IO E AR (P >0.05) , il HG-Sev + Dex 212
JUAE 35 e 1 B 4R (P <0.01), L& 2a, 5
HG-Control 4 #1 ., HG-H/R 40 41l Jfii SOD ik 2% [ ik
(P<0.01),LDH .CK-MB MDA &7} (P <0.01) ;5
HG-H/R #f ., HG-Sev 41 LDH .CK-MB MDA .SOD 7k
ToliE ARk (P > 0.05), i HG-Sev + Dex 4 LDH.
CK-MB MDA 7K - & 3 %Ik (P <0.01) , SOD /K - Tt i
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(P<0.01), WK 2b ~ e, 5 HG-Control #4H #H It,
HG-H/RZALA0HE HIF-1o 19435 83 TR (P <0.01) 5
5 HG-H/R 440 I, HG-Sev £ HIF-1a 1% 3235 TC B 2%
A5Ak(P >0.05) ,1fij HG-Sev + Dex £l HIF-1a (3535 5
Z (P <0.01), 5 HG-Control 4141, HG-H/R 4 .

500+

AT (%)

LDH(U/L)
— (] (%) B
(=] (=] [ =] (=]
T T2

a: 20 J 7476 % ;b LDH K F 5 c: CK-MB 7K ;d:SOD 7K F;e: MDA /K ;. HIF-1o £ MIF & & &

HG-Sev 41 4fl ifg MIF () 3k JC B & 2k (P >0.05),
HG-Sev + Dex4] MIF 2235 B 2% F (P <0.01), 5
HG-H/R 404 kb, HG-Sev 21 MIF {1 3 ik TG 2. % A8 1k
(P>0.05),HG-Sev + Dex 4 MIF {323k i 2 M
(P<0.01), WL 2f,

#
400 T 4 50- 'ﬁ,i‘
ﬁ' #
=300 404 ' !
= en
=) £ 304
£ 200 =)
g 204
5100 Z 0.
0- 0-
@w@®®© & H H HO
& K o S FS
%@ [N >
Q@ & g Q‘ng%b
#r— l#—l
i 257 2.0- 4
X = —
& 2.0 jsé L5
?g 1.5 &
Z 1.0
I 104 I
e # (. 5-
= 0.54 =
= =
T 0.0- 0.0-
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ST I
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* :P<0.05;#:P<0.01

2 BHEIEFRFZMHT Sev BKE Dex XU LA H/R 45 BIRIPBENTE

2.3 Dex i@ it Eif MIF 3% 3% Sev-postC x4 Jk 9% )~ &,
MI/RI #4& WUER 37 4E )

INRAEARSE B0 25 R W 7R , 55 Sham 41 A Hb, MI/RI
2 .DM-Sham £f/)s Bl L HIF-1a F 367K F 85T} &
(P<0.01) ;5 MI/RI 4{fH [t , Sev-postC 4] HIF-1a 3
KIKF- BT AR (P < 0. 05) ; 15 DM-Sham ZH A Lt
DM-MI/RIZ] HIF-1oa 2635 /KFEB B T (P <0.01)
5 DM-MI/RI 2 #H ¥, DM-Sev-postC 21 HIF-1a 353k 7K
SETC B 2 A5 fk (P > 0. 05), DM-Sev-postC + Dex 4]
HIF-10355 /K EH B FH (P <0.01), 5 Sham 2H 4
I, MI/RT 2 MIF %3k K F 8 3 J @& (P <0.01),
DM-Sham 41 MIF % i5 /K 3 B Z %MK (P <0.01) ; 5
MLI/RI 41 #H L, Sev-postC 41 MIF 3 ik 7K - i 2 B Ik
(P<0.01); 5 DM-MI/RI 4 #f H., DM-Sham #4 FlI
DM-Sev-postCZH MIF k7K 3FJo i Z 284k (P >0.05) , 1M
DM-Sev-postC + Dex #H MIF 3£ ik K ¥ B #F I 5
(P<0.01), WLI& 3a, HE %e{a %558 5 7%, DM-Sham 4]
JINERC LA ML HE S R 55 7, 0 ULEF 4 TG 7 ¢ K 2544
3R ; DM-ML/RI 41N 50 LA B HES 2% 8L L O WLET 4

W24 FN 45 44 % 38 ™ 8 5 DM-ML/RI 41 /)N fROAH EE,
DM-Sev-postCZH /> L [ 15 T W] dab 22 i# , 1] DM-Sev-
postC + Dex 21 /)N B0 LA £ W1 S5 22 A% , o0 L2 L HE )
BONEE AT, O ILEF 2 TC W 24, 454 1 5K A B 8
(KI3b), 5 DM-Sham #{ A L, DM-MI/RI 4| LDH,
CK-MB #i1 MDA 7K~ &g 2 F} % (P < 0.01) , SOD 7K
BERL(P <0.01) ;5 DM-MI/RI 4144 It , DM-Sev-
postC 41 LDH . CK-MB . MDA . SOD 7k 3 TG i 2 75 fk,
(P>0.05),DM-Sev-postC + Dex 2] LDH, CK-MB #i
MDA 7KF-B B AIK (P <0.01) ,SOD 7K B &g T &
(P<0.01), WL 3c,

3 itig

X ST Bt B0 URESE B it B 28 B el
IR BN Bk 4 A I8 9T ( percutaneous coronary intervention,
PCI) BEAT PR P08 T 2 H AT FR B8 46 10 B e f 1
TUAERE ", SATIT Bl A PR T 22 5 ke /R 5 e 3
Wy S B RO RAFFE 480 S0R B AR I K 523 B0
PR 3 A6 495 T AR o e %0 LA R T B 50%
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GAPDH s s s s e e s | g{ %1.0—

E L

%&@ @® %@v‘% %&@ g %@@ Qﬁ < %0'5
R S FES S S B S N S O o
SRS Qé\fv“ K § q,s& Qo@ é°i§> ﬁwﬁ
S & ity & S
i Q°%

LDH/U/L)

aSALZELR P HIF-1o A= MIF & & &L b s pLzasr HE & ;e oMLzt LDH,CK-MB.SOD #= MDA /-

DM-Sev- postC‘:'ﬂ DM-Sev-postC+Dex2H

SOD(U/mg)

0o o
s “&é% & 5 i&@& °

Q& Qé 4 Qe‘ Q& Qé 4 Qe‘
ST 9

% :P <0.05;#:P <0.01

3 Dex Bt & Sev-postC Xf MI/RI {{R37EE /1 E

G T PR, T3 R 2 S BOUL I 10 JULIRBE 3 b
VR SRR e PCLE TG I 2R EN R, B
ANV HEPRAP 5 36 A BR ) ST Bt i 200 JIURE SE £
AR A% PCL Y E] o 50 i AR, G A e e 1 7 K sl et
ARSI KN 5 25 W s 40 M 2 BE W R 22 e s, (H
ATy B — 2 B FTE ASRAS W R A e R 45 2R

22 Bl PR I PR 22 B, 8 Do i S P e AR
S RERS AR R AT 5 A 5 W PR S8 9 U e
B % B VR U0 s AR R A A AE RS DL T, ke af P4k
HURZS 2 X O E A PR R P2 55 0 DR PR A8
HOR A SO LA SR A AT RE P S, T L O PR A
385 R RE A TR A T RE MR A PR ABR ST
7, R TR AR T XA T H/R A BRS , 45T Sev
IRTT CR BOA R R IR 250 T X 20 M 15 4 ) A 2
A A2

W PRI SRR /R 05119 5 S8t 4 in 2 el 2 Rl
il 51 & B, 45O LA MR A7 16 15538 B 1 0SS 2
O ULANH Zr (AR R A A 2R T MR AR PR 3 A 5
B DR A Tl P R A S B SRR R T 2 A T
LR 1 o AR 230> — S8 AR SR 72 R
BT R, TS TE B AT IR e 7E R TR AT S T
Dex , #AE % $2 =1 B 40 M (9 4775 BE 71, Dex 3 33 917 il
PI3K-Akt 38 B% Al ERK 38 B (14 85 R (b AN Ak , SEELfi s
LR 48 A0 A7 35 B8 T R Sk T Rl Dex i RS
T e S L P 4 A S B B R (R X
F Dex MEFF0WUAH ML A 2L RCR , B Ar A

o ARG BN, SRR T G L2
HUAX 45T Sev 697 TG AR, i 45 T Sev + Dex )7,
Al 3% $& & HG-H/R 4k P J5 .0 AL 4 Bfd /9 LDH |
CK-MB ,SOD Fl MDA 7K F-; [A] i, i A [ X HG-H/R
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PR .O LA i LDH  CK-MB SOD Fil MDA JK -,
T8 A AL o
HIF-1 o g — i e U S5 X 5, el o 2 S S

200 Z54> ik PR 87 A= ) A 7 gt 46, 5N Ay o SR T

A5 e S Y 32 BTG, HLad A 181 1 240 i 9 AR,

A A B WE T A0 oAk K A AR R . B

R HIF-1oe 7] |3 MIF {3535, 1 MIF A] 0% 4

FETEAR S % (a0 AMPK B R 1k ) DA & #4800 IE DR B 1

JH s et LA B 5 MIF 335 RISK Rl AMPK {55 38

6, Wl b0 WU A T ARG LA B 1, B R P4 A

H 77 A R A L ) A R 11, 445 PN B A D R , A

B MI/RI 52 (1.0 D REBR AT, 76O LA AP v & #2 C ft

TER™ o SBATBFTE T, MIF AR INK £ S 119 40

P, IR AT A AL RE I 7E MI/RT ] & 440 LR

PHER S (IR MIF f 3k & 15 52 125 16 59 5 i 47

KA[HL, AW R W, MIF [ Rk e S A T

B 5 W], Sev-postC JG 12 & #5.0 ILER 745 5 18

Sev-postC + Dex Y47 7 , BEWE 13 MIF, I H & #4.0 L

TRAPPERT . el DUR Y, b 7 MIF (93505,

Sev-postC X Bl JR I /> BRSO LR 3704 FH I 2%, 156 W]

MIF fRA] GE AL He b R 45 s O/ . i — 2D &

B, Dex 155 MRS OL T AKIRBERS 1A MIF B2k, K

T e MBI ) MIF S0k B4R T XX — 453 al RERY

iR AT - D Dex A % R i W DR /N BRI I WD 32" 5

@Dex HA 1L MM AL T 22 10 ML/RT 51 4

TERIAIRE 1™ o JG H AT I S b A8 5 Tk

5, Sev-postC + Dex 4b P8 4% &) 25 $ i) DM-MI/RI 5|

RN EREAA) v G

ABEFERIAAEM T Dex Bk Sev-postC g% B i

GEFRRE PR /N B L VR I fh. ART, A5

W AT Dex 3 3o ] F i 42 48 5y MIF 1 K38 AT IR A

R}, Dex ZAAEM L R miRNAs 4% b MIF £

UL ILEPE T, 32 F AT A 5 R R AT R F 58 T

[, NI RAZESE Dex fRIFLOILZ IR B4R HL

Fl R 122 40 Dex #EATHIRMERNGI PSS

[ &% 30Hk]
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LncRNA ZFAS1 05 X 77 R KB 20 i 3G 55 #00F T B L& B 32

2 R E 7B, (L B O BE R EAMEL WL JBUE 445000 ;2. JAUHE EE R o UG S 45 4 IR I BB 5 06 AR
Wb Bt 445000)

[(# ZE] BN HTKaEdEmn RNA(lncRNA)%ﬁ‘E’T%EﬁS{% 1(ZFASL) 758 5715 48 (OA) w18 I B VB 78 43 F- HIL I
FiE BT RN B0 E R T IEOC E R R 1Y OA Hﬁ'ﬁiﬁk LUREAAE R OA 4 [RIIHAMIG 202 R R 1 1E 5 e T 4 41
FEAAE J35%F B ( Control ) 4H , RT-qPCR SZHG A OA 4B EP IncRNA ZFAS1 #1 miR-590 1335, ¥ Vector A1 pcDNA-ZFAS1 %% Y
FFEAFE LSS, MTT SZERTR A B A 73 3 OA ftk YR IGTE R TAG 0L o WU 3R BT A5 JE IR S 50 43 ) B UE ZFAST il
miR-590 L) K& miR-590 Fn&%fbA: &K K- ZAK 2(TGF BR2) AyHa] & & o KF miR-590 mimic 1, NC mimic 5 Vector il pcDNA-ZFASI
LA 3] SRR 20 M, A DU 4 4 4 R PR T, RT-gPCR %QAME e M TGFBR2 mRNA 357K T, Western blot 6l K-8 4l
i TGFRR2 FE I FRIA, &R 5 Control 41 L%, OA B HLH 1) IncRNA ZFAS1 iR ZE T (P <0.05) ,miR-590 ik i} 2
(P <0.05), 5VectorH 145, pcDNA-ZFAST 4H #0& éfﬂﬂ@rﬁ IncRNA ZFAS1 ik /K $5 3 T1 1, miR-590 33k 7K - 1 35 FEAIG, 3K
A IETE AR ST 3G 0R , AR A TR AL, 22 R A G E L (P <0.05) o MiR-590 5 ZFAS1 4% HAMY 45 A 741, TGFBR2 5
miR-590 WAFLE HAMYEE G0 8o 5 NC mimic ZH HLE, miR-590 mimic F1 3'UTR-ZFAST-WT 4% UL 21 () 4 Jif 5 't 38 Tl 1 P o 2 PRI
(P <0.05) ,1fi miR-590 mimic 1 3°"UTR-ZFAS1-MUT F:44 e 41 i 4N B 58 Y6 ZREIE M TC G525 25 5 (P >0.05) o KAk, 5 NC mimic 41
kb4, miR-590 mimic 1 3’'UTR-TGFRR2-WT Hff YL 2 (14 41 i 5% 06 Z B PE i Z A (P <0.05) , 5 NC mimic 20 48, miR-590 mimic
AL TCGFBR2 mRNA FIZE (1235 /K E3 B B FAK (P <0.05) , 5 peDNA-ZFASI + NC mimic 41 H. %%, peDNA-ZFASI + miR-590
mimic 2R A miR-590 ik /K- 2 T , B A IS SR R D 5 , A ML0R T3 T, TGFBR2 mRNAFIER [ 19 3R 35 /K7 i 2%
FEAR, 2 R IA G #E X (P<0.05), £5i8 LncRNA ZFASI jii i 845 miR-590/TGFBR2 423 OA Hr &5 40 Mo Hb 5 , 4 il 20
M T,
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Mechanism of IncRNA ZFAS1 affecting proliferation and apoptosis of osteoarthritis chondrocytes
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ment of Bone and Joint Surgery, Enshi Huiyi Rheumatology Hospital of Integrated Traditional Chinese and Western Medicine, Enshi Hubei
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Abstract; Objective To explore the role of long non-coding RNA (IncRNA) zinc finger protein antisense strand 1 (ZFAS1) in osteo-

arthritis (OA) and its underlying molecular mechanism. Methods Cartilage tissue samples of OA patients who underwent knee replacement
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