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HIHAE AL . ek HU48 K SD KL, FAL/ J Xt B4 . BRI . Dex 41 M Dex+ Compound C 41,
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Protective effect of dexmedetomidine on myocardial injury in

myocardial ischemia/reperfusion injury model rats

LT Aime1, HAN Jingfei, DENG Li, CHEN Siyu
(Department of Anesthesiology, First Affiliated Hospital,, Xinjiang Medical University,
Urumqi 830054, China)

ABSTRACT Objective: To discuss the protective effect of dexmedetomidine (Dex) on myocardial
ischemia/reperfusion injury (MIRI) in the rats, and to clarify its mechanism. Methods:Forty-eight SD rats
were randomly divided into control group, model group, Dex group, and Dex+ Compound C group, with
12 rats in each group. The MIRI model was established by ligation of left anterior descending coronary
artery. Echocardiography was used to evaluate the cardiac function of the rats in various groups; HE staining
was used to observe the pathomorphology of myocardium tissue of the rats in various groups; kits were used
to detect the serum level of cardiac troponin T (¢ Tnl) and the activities of hexokinase (HK) , phosphofructokinase
(PFK), and pyruvate kinase (PKM) of the rats in various groups; high performance liquid chromatography
(HPLC) was used to detect the levels of myocardial energy metabolites adenosine triphosphate (ATP) ,
adenosine diphosphate (ADP) , and adenosine monophosphate (AMP) in myocardium tissue of the rats in
various groups, and the energy charge (EC) was calculated; immunohistochemistry and Western blotting
method were used to detect the expressions of Toll-like receptor 4 (TLR4), macrophage migration inhibitory
factor (MIF), AMP-activated protein kinase (AMPK) and phosphorylated AMPK (p-AMPK) proteins in
myocardium tissue of the rats in various groups. Results: Compared with control group, the left ventricular
ejection fraction (EF), fractional shortening (FS), cardiac output (CO), and stroke volume (SV) of the
rats in model group were significantly decreased (P<C0.05) ; the serum level of ¢Tnl was significantly
increased (P<C0.05), and the activities of HK, PFK, and PKM were significantly decreased (P<C0.05) ;
the levels of ATP and ADP and EC in myocardium tissue were significantly decreased (P<C0.05), while
the level of AMP was significantly increased (P<C0.05) ; the expression levels of TLLR4 and MIF proteins
in myocardium tissue were increased (P<Z0.05) , and the p-AMPK/AMPK ratio was decreased (P<C
0.05). Compared with model group, the EF, FS, CO, and SV of the rats in Dex group were significantly
increased (P<C0.05) ; the serum level of ¢Tnl was significantly decreased (P<Z0.05), and the activities of
HK and PKM were significantly increased (P<C0.05) ; the levels of ATP and ADP and EC in myocardium
tissue were significantly increased (P<C0.05) ; the expression levels of TLR4 and MIF proteins in
myocardium tissue were decreased (P<C0.05) , and the p-AMPK/AMPK ratio was increased (P<C
0.05). Compared with Dex group, the EF, FS, CO, and SV of the rats in Dex-+Compound C group
were significantly decreased (P<C0.05), the serum level of ¢TnI was increased (P<C0.05), and the PKM
activity was decreased (P<C0.05) ; the levels of ATP and ADP and EC in myocardium tissue were
significantly decreased (P<C0.05) ; the expression levels of TLLR4 and MIF proteins in myocardium tissue
were increased (P<C0.05), and the p-AMPK/AMPK ratio was decreased (P<C0.05). Conclusion: Dex
improves the imbalance of myocardial energy metabolism and myocardial dysfunction after MIRI by
inhibiting TLR4/MIF signaling and activating AMPK phosphorylation. Its therapeutic effect can be
antagonized by the AMPK inhibitor Compound C; Dex plays the cardioprotective effect by regulating the
TLR4/MIF/AMPK signaling pathway.

KEYWORDS  Dexmedetomidine; Myocardial ischemia-reperfusion injury; Toll-like receptor 4;

Energy metabolism; Adenosine monophosphate-activated protein kinase
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O WLk ML/ 75 %E FE #L05 (myocardial ischemia/
reperfusion injury, MIRD) AE L HILEE B & UL Fiil 5
AN RN, HALH P SRR A5 RAE R
7 T AE AR A A Y. MIRT Gk M, o0 JIL4H iR
W TC S e i L R, 5 BOL R ME R = Wi R R
(adenosine triphosphate, ATP) #ify; PRI,
AR ReZ B, me AR EEL, B RUE R
W B, A e AR T Rk B MIRIT
R

Toll¥£5Z 1k 4 (Toll-like receptor 4, TLR4) &
HOF U R IE A BB g 40 M A R o
(macrophage migration inhibitory factor, MIF) £
MIRI B & 3 06 0, JF i o 9 ) — o e R
(adenosine monophosphate, AMP) i b & H 4 i
(AMP-activated protein kinase, AMPK) & 1k 3k
IR . AMPKAENBERAREY R0k
an”, HAAEMRRERSEN, T4k E Y MIRI
HIFRTTH . A RIEKE  (dexmedetomidine,
Dex) BAHLRMBUAMMER . PF5E Y B8 Dex
A AR B A J0100 JULAE BB XURS: R AP R T AR S8 350
WUEKF, FFE s . shiiss ' BoR: Dex Af
WY ek /N B MIRT S AR ST A . SR, Dex el 3%
YE P2 5 5 TLR4/MIF/AMPK {5 5 58 % i 4%
B RE AR AR G, ITRIR AR . AR TS Dex
i 13 8 ¥ TLR4/MIF/AMPK {5 5 38 s o4 36 .0 L AE
e AR AZ DAL, O 8 1) AR T I MIRT $2 45
M

1 HEST®

1.1 ZBHH . EE2EXMNFME 48HSD KK,
6~8 JAl, MetE, SPF&%, {ARBht 180~210¢g, W
FI B g8 B2 RL R w s s s o B oK BUR 3R T
SPF % 8h¥ 57, WEH 22 °C~26C, WEH30%~
70%, 12 hWERIGE, IF45 T 70 2 09 5 B8 B 1) bt
VR IR o A B9 2l ¥ 52 36 308 3 A B A8 B2 B 2%
oAb (RFEH S . K202412-16) . Dex E4}
W L 5 S B 2 Iy A BR A R, AMPK 40
# Compound C I H 3 MCE /A~ #], HE 3¢ {2 7
EWAEEEEAEYBRHEARL A OIS
FE M1 (cardiac troponin I, ¢Tnl) 7 &M A &
OB SR St i A= BBy A IR A |) ) L 4 e
HK) . ® ®® R ¥ M
(phosphofructokinase, PFK) F1 N i B2 ¥ i
(pyruvate kinase, PKM) i 5] & W H FF 50 & WA

(hexokinase,

Y TRBAER I, ATP. Z#iMR I # (adenosine
diphosphate, ADP) Fl AMP #5 e & 1 [ 52 [ B $i7
TAAFHEARA A, KR TLR4 &H A UK.
Pt K B OMIF & A $i ik . Bt K B R /b AMPK
(phosphorylated AMPK, p-AMPK) (Thrl72) %
FIBL R FT K B AMPK 8 L BTAA B b at 18 8 4%
R A R A A, PR B B-actin 8 HPTA I H =X
DO PSR YR A R A A O s ARG DA (Y
7 IMEC 10/12) F i 7 R 18 & 58 (8 5.
Resona 6/7/8) W [ Y15 5w A= ) B2 97 ML 1 A A
B R], 0 A 5 3% (high-performance liquid
chromatography, HPLC) ¢ (& % . LC-2030/
20240) 1 [tk AT B A d AR BT, mEbRAL (RS .
Fc) 4 [ 3 E Thermo 2~ F], fb2f &6 G4 (5
5 : ChemiDoc XRS-+) 1 H £ H Bio-Rad A A .

1.2 MIRIERMERZBRHHHEHE 48 HLKM
BE AL 2r v xb B4l R 4] Dex 41 Ml Dex+
Compound C £ . & H 56 R 3h bk Zc 1 B S 45 FL
AR R MIRTAE A 7 BRxt BEZH Ah, Hofth 45 40 K R
ME12h, LS50 mg-kg 'L ZAIRREE, T HOE
LEMINAT VI FE B2 Bk S pe SR, e — . MUi[al
g RsE . LARE B AILGE S AERRIT 0 o T % A0 Lk 1)
Bz s B, Ay e WUA BE AR IR, 7RSS = I
Ui Z TR 1) 0 T, UDR A D B A R R O E . T
A SER KRR R OR AP il 5, AL, AL T
WA S S5 PYC B M I [ e, 75 & ki I id
SEARAE . B IM S 30 min, BRI AEFLL, KA L
Wi Ao WL ST Bedf mull T 7%, #i Ik MIRIT.

R K BT BRI S A T A R 30, RO, %
A, AR B P A B
Ko HE 2H AR 8 21 R R 3 AR R 30 min i T S

FE PR K (10 mL-kg '), MIRT £ A5 41 6] , 2R ] 2 #f
ki A A SR K O ILER I 25 3 (0. 5 mL kg '-h ')
Dex 41 Fl Dex+ Compound C 41 K fF Z {7 30 min
Ji IS 3 Dex, fAfar A& 5 pg-kg ', O LR I 1)
“E R B 0.5 pgekg 'oh ' E Bl 45 R . Dex+-
Compound C #1 K Bl T # £ 57 1 h & & & 5§t
Compound C (0.5 mg-kg ') "

1.3 BREBRMAGEMNEALX R CHeimiz
BJE 24 h, 2 2K R4 50 mg-kg 'L LE % B R
P, SUHR R R A B, SR T A U R G A T
ARG REFEAx, 10 5% 3 30 ok il I 2 B2 B ) AR
4 (velocity time integral, VTI). 7202 & ik A& M
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7w OB (left
LVEDV) . Z&.0 & Wi R W2 (left ventricular
end-systolic volume, LVESV) . Z.0> % &F 5k KW A
7 (left
LVEDD) . Ze.L E W 4i R W42 (left ventricular
end-systolic diameter, LVESD) £ .» % (heart
rate, HR) , Jf 40 % it 5 & # i 15 & (stroke
volume, SV) . 7.0 % S 1L 53 % (left ventricular
ejection fraction, LVEF) . 4i % 43 # (lractional
shortening, FS) Hl.0> i H & (cardiac output,
CO), SV=LVEDV—LVESV; LVEF=SV/
LVEDV X100%; FS= (LVEDD — LVESD) /
LVEDDX100%; CO=SV XHR,
1.4 HEREREEEX A SCIALBEY SR
PO B BRI 52 S, 25 4R B2 50 mg-kg
I3 Ll 22 0 R B T30 AR AE o B BL IR 4 R RO JE
M4, BT 100 g p S W b [ e, 48h
G, EBBRALUK Gy, TR R B K
PR e LU Z R h g AL, AN Bl A i
A, K R H AR 5~8 yum V)l i
AT mE b 3], 26 R T LI OK AL . KT
ABARE YT P Yt 3~5 min, WK eI A, £k
RGP, BA LY IR CBEW 434k 10~30 s,
WK MY R, Zaksr Ak, iR 0. 500 ZoK R i
1~2 min. H5 U0 R B A DL g b 44 4 1~2 min,
WAKMEY R, KERZ R BREFEY A&
BRRECREMLK . —HRE, B T3 B, R
BE AN, TOLA WU T WA K RO LA 2
HIESRM, IFREHFIEEL,
1.5 RAEHMEHKX K 2F P cTnl KFFs L
M HK.PFK Z PKM &H# K RALSERT, UsE
FHHRBMW, EWHE 20/, 3000 r-min &
L 10 min, WedE BV, st)E, AR H KRR A
T S AR o DX e LA 20, i A RS, IRIR 2%
BT HLAR AT, 12 000 remin” ' &0 10 min, Y4
W T IR ELISA R & UL B AE, A
25 41K BRI 3 P Tl K S FLG LA 20 HK
PFK J PKM i £ .
1.6 HPLC #:#n &4 X & < ALE L PF ATP,
ADP #e AMP A& F  KEALSEIG, WHESHREAE
IR S o DX 80 LA 2, — 80 CLRAEA . UL
WU SRS B AR T i )5 BT A%, 5 0 i AR B KR &
JGA1%, 12 000 remin” ' #5.0> 10 min, W& B

ventricular end-diastolic  volume,

ventricular  end-diastolic  diameter,

WAL 0.22 pm PEEE L UEE 1, H T HPLC 40 #r.
o3k 2. C18 I M 8 3% 4 (250 mm X 4. 6 mm,
5pm), VAN BERREE 22 M (phosphate buffered
saline, PBS) 5 WER AW (1:1), B8N,
s 1.0 mL-min ', 584K DU 45 A I O K
9254 nm, FEiR 30 °Co BAME SRR 10 pl.
K H HPLC 8 £ 315 ATP. ADP 1l AMP (1 I [
Bl i ATP. ADP FI AMP b5 i i B & A ]
FEARUERE S, A [R) 2% 0 R IS 0 ok e T AR
£ I 7t S 0 7 i 2 = R N R
41 ATP. ADP Fl AMP /K, Jf il 5 6 fr
(energy charge, EC) , EC= (ATP+0.5XADP)/
(ATP+ADP+AMP).

1.7 RAABNFEERDNZHRKCIALF
p-AMPK & & & AW R A4 19 45 21 K RO L
HARY) R E 5~8 pm YI Fr, AT LSS 02, 2
T B2V B £ B WK A o B U0 R A e RS B Y
p-AMPK —$ii, 4 CHEF L. 1 PBS Z& il ik
E—Pi, MAMR =P, ERMBEE Lhe MAS3,
3. HE B (3, 3'-diaminobenzidine, DAB)
A, TR FOUES, B N ), AR
PEFRA, R Ai e . SRJE IR ARG S Qe A A% . B
CBEBEK, PR W ARE , feJa 1T rb v A e d
Fo RGBS WL 46 4% 2H R Bl 2 i e St i I
ool 2 p-AMPK EE R EN , IR H
K.

1.8 Western blotting 3 # 0 &4 K S LA R F
TLR4 . MIF.p-AMPK ## AMPK & & 2 A K+ 4%
R BRALFE IS, WA R B e i e S Ak i X 30 ILZH
4, —80 CIAF&H .. BUL L4120 # 7R E 100 mg
VGBI, A 500 pl S P 5 2 B0 UE 43 W7 2%
1 # (radioimmunoprecipitation assay buffer, RIPA)
HATH ALK, A . 12 000 remin 'L
10 min, WodE LW, A LR e, &k
BRCAE I RE o R e R IR N - SR TR 4 T e 5
MUk
electrophoresis, SDS-PAGE) #tHg, L JE I A
UK, FF EFEZE iR BRI, Ak ik, B EERE
FEAZ2BEXE®E 2 XM ®CMH
(polyvinylidene fluoride, PVDF) i |-, &4 HEH
IV B S, A S — B A R .
PVDF JI§ F 3 hn & 52 0, 78 4k 2 KO AR AT
%, R HE AR, R Image TH 430 B

(sodium dodecyl sulfate-polyacrylamide gel
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B HE 2R K EAE, PR H I E R REK. HIY
HHRIBKF=HBE A KT KEME/ NS EA K
WK BEAR o T & R B WL 2L b p-AMPK/
AMPK 14 .

1.9 %t ¥ 454 KA SPSS 27.0 fl GraphPad
Prism 9. 0 B AR i A7 e it 2% 0 . & 4 KR ELLVEF |
FS. COMSV, LALAZH HK, PFK #l PKM i
£, ATP., ADPfil AMP /KK EC, LI R0 WLdd
QUh B EARBKEHIFAEESIAN, Laots®
N, ZHEFEARYEC R RN R I 2500, A

[B] BE A 247 B0 T HE 88 R A Dunnett’ s K 5 . LI P<<
0.05 WEFAHSZIFE XL,

2 5 R

2.1 BAXKSMIGee SXA i, BiAlg
KB LVEF, FS, COM SV B WK (P<<0.05);
HHEMA L, Dexd K LVEF, FS., COfSV
& TF B (P<<0.05) 3 5 Dex 4 %, Dex+
Compound C 2 K BLLVEF . FS. CO SV B i [#
ik (P<<0.05), WL 1F#E,

A':Control group; B:Model group; C:Dex group; D:Dex-+ Compound C group.
Bl F4RFESLRER

Fig. 1 Echocardiogram images of rats in various groups

#1 FHARFOIREER

Tab.1 Cardiac function indexes of rats in various groups (n=8, x+s)
Group LVEF (/%) FS (3/%) CO (mL+min ") SV(V/ul)
Control 79.3843.73 51.36+3.28 104.19+2.61 282.38+11.31
Model 39.3444.70° 26.0842.39" 29.40+3.39" 94.474+7.70°
Dex 58.98+5.27° 38.98+2.58" 63.6344.23~ 196.13413.76%
Dex+ Compound C 40.624-4.19" 30.6042.96 36.73-41.84" 106.45-+6.927

"P<20.05 ws control group; “P<<0.05 vs model group; "P<C0.05 vs Dex group.

2.2 BHERXRACSWARKBEHIERA JHAK
BRLC L2 ML HE 2 B 5%, A A A RN (TG [ 4 5
W), Mo BT geta3d sy, ] T G 7K b 5 48 M 20 Ha 2
T o BT ZH R B LA B HE S ZE L, 840 40 Bt it A
RO, A% [ 48 0] R K e B0 42 0 B, T DL g6k i i
B SR kR IR B X B, SAARLA L #, Dex 2K
B LA M HEZ #2305 1B, [UR R AL, B
a5 L REAR DT K i B 5 PR IR E D8 4% . 5 Dex 4
e #, Dex-+Compound C £H & B0 L 40 36 HE 51) 2=
FLAEREE I, A% 4 L Il ) BT i e R P
B U R - N

2.3 BHMXKAoFPcTnlKFEFspLiass f HK.
PFK Z PKM #&H  5XF 4 e, B2 K Rl
HH Tl KB & TF s (P<<0.05), KREOM4H
21k HK . PFK A PKM i 4 B @ BEAIL (P<<0.05).

5HAH L, Dex 4 KM H ¢ Tnl K-8
FEAR (P<<0.05), KDL 219 HK 1 PKM 36
PEI W T (P<<0.05), PFKIGMEA T+ & ¥,
BERILGITFE X (P>0.05) ., 5 Dex 4 42,
Dex+Compound C 41 K FLUIMLIE H1 ¢ Tnl ZKF B 2 F+
m (P<<0.05), KECHLAZ Tk PKM it B 5 %
& (P<<0.05), HK M PFK &4 AR EH, (02
KL E X (P>0.05), W2,

2.4 BHEKESHELP ATP.ADP F» AMP K -F
ZEC 5XfMal b, Bag R OIAHSN
ATP F1 ADP /K F W] B Bk (P<<0.05), AMP K
W R (P<<0.05), EC W] & K (P<
0.05); SAIAIA L, Dex 4 KR O LA S
ATP #1 ADP /K F B & Fh i (P<<0.05), AMP K
B BREAL (P<<0.05), ECHIR IS (P<<0.05);
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A': Control group; B:Model group; C:Dex group; D:Dex+ Compound C group.
B2 #FARROIHLREEERRE(HE)

Fig. 2 Pathomorphology of myocardium tissue of rats in various groups(HE)

2 HAKXRIME P cTolKFFOPLIL $ HK PFK & PKM & #
Tab.2 Levels of ¢Tnlin serum and activities of HK, PFK, and PKM in myocardium tissue of rats in various groups

(n=6, x=£5)
Group ¢Tnl [py/(pg-L7H)] HK [4,/(U-mg )] PFK [2,/(U-mg "] PKM[A,/(U-mg 1]
Control 0.2240.08 0.4540.07 0.49-£0.06 5.784£0.87
Model 3.44+0.79" 0.3440.03" 0.41£0.03" 4.61£0.52"
Dex 1.9440.53" 0.4340.03" 0.4740.03 5.524-0.33"
Dex~+Compound C 3.0440.71% 0.3740.05 0.414£0.05 4.5540.29%

"P<C0.05 ws control group; “P<0.05 vs model group; “P<C0.05 vs Dex group.

5 Dex 4 lb %, Dex-+Compound C 4 K Fl0 WLE4H EORBEREMN; SHEBAE, Dex 4l KE 0N
4 ATP fl ADP K V- B B A% (P<<0.05), EC 4P p-AMPK & [ £k #A NI 5 Dex 4 Ik
B IE (P<<0.05)., WL# 3. #, Dex+Compound C 21K 0 M2 p-AMPK
2.5 BAXASHARF p-AMPKE G RXHER EHRIBREM. WE 3,

X A g, BRI R R AL 2 p-AMPK

£3 FHAKXBLOILLH ATP ADP M AMP AR EC
Tab.3 Levels of ATP, ADP and AMP and EC in myocardium tissue of rats in various groups ~ (n=6, x=s)

Group ATP [my/(pmol-g )] ADP [m,,/(pmol-g™")] AMP [m,,/(pmol- g™ )] EC
Control 305.714:16.55 192.724:8.33 44.8743.50 0.740.01
Model 160.274-30.14" 124.954-30.18 85.964-14.62" 0.600.04"
Dex 280.05417.54" 174.18+12.52" 55.06+8.64° 0.724+0.02"
Dex~+Compound C 195.88+43.77* 137.50+11.73" 61.9249.98 0.670.05"

"P<C0.05 ws control group; “P<0.05 vs model group; “P<C0.05 vs Dex group.

A':Control group; B:Model group; C:Dex group; D:Dex+Compound C group.
H3 FAKXKOIART p-AMPK & AR BB (REHARLE)

Fig. 3 Expressions of p-AMPK protein in myocardium tissue of rats in various groups(Immunohistochemistry)
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2.6 &KXKMM RF TLRY/MIF/AMPK 43
FEBEGERBARF SXEA L, BRI KR
O WLZH 4L rf TLR4 F1 MIF 2 (% 35 7K F 1 8 T+ &
(P<<0.05), p-AMPK/AMPK 18 ] @ &% (P<<
0.05) . SHRALE, Dex 4l KR O ILHH

mm Control

1 2 3 4 M,

TLRA4 Fl MIF & 1335 7K F 8] B AR (P<<0.05),
p-AMPK/AMPK HAEH TR (P<<0.05). 5Dex
4, Dex+ Compound C 4 KO LA 2 TLR4
FIMIF 2K [ 235K F- W 8 78 (P<<0. 05), p-AMPK/
AMPK WAE B AR (P<<0.05). WLIA 4.

mm Control mm Control

i Model Model I Model
TLR4 SN e 95000 < H Dex B Dex B Dex
- ﬁ 1.0 Dex+Compound C g 1.5 Dex+Compound C o 15 Dex+Compound C
MIF : : B T g
.! - Q 125000 & ¢ z E
p-aMPK [ 0 B B8 2000 T 06 . I & . 5 10
° \ = <
= =
AMPK — 62000 & 04 £ 05 ok
. g 0.2 8 =
B-actin | W WS W W 12000 = 2 <
. g 0 m 0 2 0
A B C D

Lane 1: Control group; Lane 2: Model group; Lane 3: Dex group; Lane 4:

0.05 vs model group; “P<20.05 vs Dex group.

Dex+Compound C group. "P<<0.05 ws control group; “P<<

B4 FAKXBONHAAS TLR4/MIF/AMPK {5538 B E H R X HIKE (A)MEKE (B~D)
Fig. 4 Electrophoregram (A) and histograms (B—D) of expressions of TLR4/MIF/AMPK signaling pathway

proteins in myocardium tissue of rats in various groups
3 3

AROFF LR B MIRLE AR, 55X M4 1
B, B R ELC LA 2 TLR4 f MIF & 3Rk
KB T, A p-AMPK/AMPK [ 8 B & %
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