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[WE].B8 R EEEE (Dex) X /NEDE O (CPB) O LB L/ FF3E T B bR DI BE RS2 . 3k ¥ 12
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AR 25 HA AR Mn—id SR AL AL K S 382k i = B W A & it MR e e R =R (P <0.05) . 4518 1
ne/kg Dex I 0.5 g/ (kg « h) MR BEA 5008 CPB X /NS (1.0 LB 05 A B 1R T BEBR A%
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[ Abstract] ;: Objective To investigate the effect of dexmedetomidine ( Dex) on myocardial ischemia/reperfusion injury in
minipigs with cardiopulmonary bypass (CPB). Methods Twelve miniature pigs were randomly divided into 2 groups: the CPB group
(T group) and the CPB+Dex group (D group). In group D, 1 pwg/kg Dex was infused before induction of anesthesia at a rate of 0.5
g/ (kg + h). Then, we compared the changes of cardiac function in the two groups before anesthesia (TO) , after the establishment of
CPB (T1), 5 min (T2), 60 min (T3) and 120 min (T4) after the heart beat resumed, and measured the serum myocardium damage
indicators, oxidative stress damage and changes in mitochondrial energy metabolism after heart resuscitation. Results Compared with
the T group, the cardiac function of miniature pigs in the D group was significantly improved before anesthesia, after the establishment
of CPB, as well as at 5 min, 60 min and 120 min after the heart beat resumed. Compared with group T, serum creatine kinase
isoenzyme and troponin I decreased in group D, which improved the ultrastructure of cardiomyocytes, increased the level of Mn—perox-
ide dismutase and the content of mitochondria ATP, and decreased the production rate of mitochondrial reactive oxygen species ( P <
0.05). Conclusion Infusion of 1 wg/kg Dex at a rate of 0.5 wg/ (kg - h) can effectively alleviate myocardial injury and mitochondrial
dysfunction in pigs with CPB.

[ Key words]: Dexmedetomidine; Pig; Cardiopulmonary bypass; Ischemia/reperfusion injury; Mitochondrial function;

Myocardial Injury; Myocardial protection
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ShFI AT LR B S i O L, Dex #1046 T R 3 S L
WERE LRRZEWEE IS N, W Dex i i B HAE
HF U 2 o P i 22 R a0 0L, &
P /R B B E Y. {H Dex XF CPB JiF 0>
WL KL A4 Ty BE 14 52 W 415 A 5€ 4= ) B, AR WF 5% & 7 T
fii Dex JEBEEE CPB N0 WL RIS 177, h FEAR
I RO TR A5 85 &g R APE T AR R e Jath

1 #RFn7E

11 SSBshhAnm IS R E (33
+3) kg, # T RILBEYL - A4 (6 H/40) . CPB
ZH (T 2H) HE57 CPB;CPB+Dex (D 4 ) BE W% S 11 45
TLL1 peg/kg (4 Dex Hii i3, 33K 0.5 pg/ (kg + h)
JEHEEST CPB, HIB e BB K22 3 ) 52 o b S 4L
TR SE [ [ 57 TUAR B KA BT S 3 28 sy 1) 7
B A8 R (1996 AEAEBUR) .

1.2 CPB AR ey 3 /NRUEHIKIES A7
R MR ) I SR T U0, VI
T ke FrkE S £ 3 mg/kg REGMFEALIE, 503
TETE Bk ESIBIARER | F IRk T s Dk 4% £ 41
#H. THESIK(12 F) | BRI (10 F) R EHK
(12 F) T LUEE I BE N TOIHL, 3R
AL UL AJEEE 16 SEAEE  ERRATER
FAHB VIR CFLTER 130/0.4 FEALBIE SR T, T
FEAE 30 ~40 ml/kg, 4R 120~ 160 ml/ (kg -
min) KL R R RRTE 0.20~0.25, BT F+ 5
Jik )5 AE T B BRAR B HE T 4°C PR del Nido (O 548
T 15 ml/kg, #52Bk 60 min J& I T 3 Bh Bk, 5 Bh O
P 120 min, 5B A1 10 100459 1 25 W Mk
TEFFE , A B O R T LSS I B

1.3 MEmled 5% g 3h A F 84T AL AROULEE I
[F] 3 A BRIBETT (TO) \CPB &SZJS (T1) (DR Bk /S
5 min(T2) (CHERBES 60 min (T3) Fl.C M B
120 min(T4) ., Powerlab/8SP (i K5 R4 T E i
FArHE 5% 2 0 (heart rate, HR) | 25 %5 W45 % T
(left ventricular systolic pressure, LVPSP) . 7% &F
KR JE (left ventricular end — diatolic pressure, LV-
EDP) 7203 W b IR R 3R (+dp/dt,,,, ) FIZE
DN R R (~dp/dt,,,, ) o

1.4 SR CMBHMEMBINBELET OO
BEAS ARG OO, FDBUE JJ 7 A0 =5 i 25 BEAL
B, D ZENITARL 1 mm® /N, B 4°C R IR R
2% PR A2 W 24 bR K A A ge
% 50~70 nm AYAE Y] A, 35 B 7 0 60UBT (trans-
mission electron microscopy, TEM) T , WE£Z.0 JIL4H Y

e e

1.5 ELISA 4wl ) WL e 192 3 1 ) 1
(creatine phosphokinase MB, CKMB ) F1.C> JJLIL 45 £
H 1 ( cardiac troponin I, ¢Tnl) i 7 & ( Sigma -
Aldrich, 5E[E) K il 355 1 CKMB 1 ¢Tnl 4,

1.6  Western blot 47  F-J# {3 A & 2H BB HUZE O
R SR DX LR S 20 BT IRA R, IR
OWUVHZURER F1, SR 2 ZU8400 W 340 | IBURE i 30
ng, 7E SDS-PAGE BEIE R G sk, f6 58, F 37°C &
H 2 b, ISR Bl — e S A P B AL T ( manganese
superoxide dismutase, Mn—SOD) 1 pg/ml ( Stressgen
Biotechnologies , IIEE K ) WA 14 7% (4°C ) , TBST ¥ %k
)5 5 B i & Ak 9 B ( horseradish peroxidase,
HRP) FRICII L 1 5 000 iRIFE 1 h, ik %
3% ( electro—chemi—luminescence, ECL) & & il {% , v
FH Quantity One 2.6.2 B3 R Gt H & H 4%
AT IR EEAE 3T

1.7 SHLATP &2 a2 ATP Il il &2 2k 1
PENER - PECHR M SV K i B0 WL ATP 2 &, i i
T AH R RO € 1% 2 I 5 O WL R LR vk 38 AR
JEOAGHI 390 0 FH 00 O U oBE B v

1.8 ZEARE M A (reactive oxygen, ROS) &~ & &9
3l OGN E Jr B R ZORL R ROS 19 77 A
AR A R K 2.9 ml 2RIk
ROS 5 H5 IR L1 0.5 mg bR AF] 3 ml 473
e b, 785 — DERAR R VAR R b, A S
mmol/L 27,7~ ~ 7 6% . 2. TR HE (DCFH-DA) 3
wl Z 80, 3.3 mmol/L AN kiR M 3R FIRRAE Jy
E%,ﬁ#fi&ﬂlﬁ%ﬁ 37CHEE 15 min, | 2 2k
PRECREAA 2 B 508 B (R A DL B BE ) FITCERAL
PRI AA 2R (G5 B (A DGR L) | i ik AAFE
a2 G BE T 2 BRI SEOG R BE R T ROS 77 A
A

1.9 %it¥ 54  ffiH GraphPad Prism 7.0( Graph-
Pad Software ,San Diego, CA) #4740 #T1, Hdhik
PP ARMERR (x£SD ) FoR, T A B R I 2=
50T, W BME ] Student s ¢ #3538, 22 4H [A] R
FHEALRIZR J7 22 90 M, 3 04T Lk (ukey ) 05 K 50
ko P <0.05 AESFAGIFE L,
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TE T3 1 T4 W 360 ( P <0.05) , 1 LVEDP 7E R
TEIF bR 2 BRI ( P <0.05), WK 1,
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F1 WA MG D) )% (n=6,xSD)
e A A TH D4 P{H
HR (¥/min) TO 93.67+19.77 90.3317.76 0.944
T1 93.33+10.25 97.33+13.22 0.883
™ 76.50+12.88 81.83+20.31 0.599
T3 84.17+12.40 85.50+17.33 0.881
T4 90.83+13.38 86.67+15.69 0.631
LVPSP ( mmHg) TO 122.33+9.54 123.83+5.23 0.944
T1 120.17+9.07 121.50+5.47 0.754
™ 73.67+5.54 86.60+5.57 0.003
] 83.83+5.42 103.83+5.81 0.001
T4 86.83+5.81 99.17+7.20 0.008
LVEDP (mmHg) TO 15.83+2.32 16.17+2.14 0.792
T1 16.17+1.17 17.18+1.33 0.397
™ 32.332.16 23.33+2.23 0.001
T3 30.17+3.49 21.67+1.51 0.001
T4 24.17+1.84 17.83x1.47 0.001
+dp/dt,,, (mmHg/s) TO 2 131.67+188.31 2 245+236.37 0.357
T1 2 115+305.00 2 065+174.90 0.698
™ 1 430+278.93 1918.33x118.22 0.006
T3 1 655+290.16 2 155£180.42 0.005
T4 1 664.83+232.52 2 103.33+189.21 0.004
~dp/dt,,, (mmHg/s) TO 2 468.33+233.62 2 631.67+239.79 0.143
Tl 2 501.67+288.20 2 283.33+670.57 0.686
™ 1 928.33£428.65 2243.33+284.16 0.164
™ 1 935290.16 2 423.33+152.67 0.004
T4 2 133.33+140.24 2392.33+155.13 0.012

7 HR O3 LVPSP  ZE 4 T s LVEDP ; 22 473K AR T 5 +dp/dimax ; 250028 N JE - FHR R EE# s —dp/dimax 72028 N JE T B dR okl 5
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2.3 ML CKMB #o ¢Tnl A-F 7 T4 B, Bi4li0
CKMB {EFFZE3 N, 5 T 4440, D 4494 A9 CKMB &
T ERRAM( P <0.05), £ T3 Al T4 B, B4LH) cTal
3,5 T A, D 4 iy oTnl {4 5 2 AR
( P<0.05), W2,

2.4 SHUMn-SOD ROS 4 %42 ATP 4% 1ET4
FRE LIl Mn—SOD \ROS 724 Rl ATP &, T 41
FIZERIR ROS = A R IA W = F D 41 ( P <0.001) , 5
TZHA L, D ZH P9 Mn—SOD H1 ATP 2 & 5.3 71 &
( P<0.001), W% 3,
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F2 WHRARMES CKMB 1 ¢Tnl 82546 (n=6,x+SD)
CKMB( wg/L) ¢Tnl(mg/L)

Hsf 1,

T4H D4 P1iA T4H D %4 P1ia
TO 5.32+0.73 5.43+0.57 0.692 0.37+0.23 0.41+0.27 0.830
Tl 6.76+1.17 6.35+0.98 0.488 3.37+0.88 3.59+0.84 0.603
T 11.24+1.57 11.32+1.24 0.744 10.57+1.78 11.19+£1.50 0.381
T3 26.94+3.30 27.34+2.73 0.563 25.40+3.87 21.14£2.90 0.046
T4 41.58+4.38 33.94+3.89 0.019 53.61+£7.18 41.84+8.12 0.026
7E : CKMB : LR 1% i [7) T/ ; ¢ Tl ILESEE A T

£33 PHARACH Mn-SOD \ROS F= 41 ATP #8251k (n=6,x£SD)

£ TH D4 P14
Mn-SOD 0.22+0.12 0.76+0.17 <0.001
ROS =48R [U/(s - mg) ] 13.05+2.31 6.95+0.97 <0.001
ATP é‘i( nmol/g) 2.66+0.78 7.23+1.02 <0.001

¥ :Mn-SOD . 4 B AL YIEAL S ROS - 16 V4R

3 9 i

AHF5E & P Dex BEWLE CPB S 20 L L BR IfiL/
RN R E i LA =Y eRN || Ko TR Ny A 1R ) N - A ES 1A
1K ROS F=4: Ik ATP &5, T s 200 AL
40 1/R 514 .

FIARIEGEIESE Dex AT AR SO WL 015 6ok 3
Jik it 3t 5, Dex X a4k s bk ik o BoA 1R, DL
BARH LY Dex HYTEEIR B IKEF 5K A F AT fig 5 9 Bz 5¢
Bk — S A A RN K E S SR 3 O
5, NI EL AR PE R . SR, SR A & CPB
TN AZ 3™, AR A Dex RE A5 7E LT CPB 1Y
MR A PO A O LR R AR T RE A2 81 I R T 4%
RS 2RO TR REE ROUGE /R B (B AE RS2 0
EF AR EE T FET R AL R EEAT

CPB HE AR O T AR S5 A 40 5l B - B, (R
A7 AE DR R A 56k e o, DX 0t 3 <, 7 P 3 T R s
WRODNL /R 845, R TIES FRMERIR, & g
fa R/ N S CPB Wi 1] Dex REA IR0 UL /R
Bith , BEA LRI E O LSRR LS F R ) R, b2
AR ROS 77228 MG IRk ATP & &, Tk 4
O WLAN EA B, BFSS 5 R R . 5 T 4
e, D 2T CKMB Al ¢Tnl FEAR, /O LA A8 £
SRR E , Mn—SOD 7K V- FH i85, e bi Rk ATP 7 23
i kiR ROS 77 A= AR, 2 W] CPB i F Dex
REARAS L A O LA B ss

R ST 7R Dex HA Z M8 B AP 1ER, 7T
PAARG O ILIF8 5 AR S Bk i 3 51, Dex DA
M T SRR AT i Pl BSOS 8 $5 (L P24 Bl Bk it o0

SR O R RTE B R K i AR R S Dex Bk
T ARG RE L 37 0 T ) KBRS I 4 N L T R
R, IR Bt s 55 1 AR 2 Bk R A 5 | Ak A i 4 A
C—£F 44 SRR , 3278 Dex HA T H0GE S L
VEF RN gk A VERAE AL eIt AE 34 o ol
FH Dex J& , 0 ZEREAK, F- 35 30 Dk He 3 AR A5 2910 22 fifk | Tk
BEAE S 90 1 o KR AR E , IR RCE IR B E 51 Y
T EE S0, AR K T 5T Dex AT 5]
H R Je R e oAR 20 ok i A WA T E 2 /N
AR O LB 1M 525 52 | [R] s 76 4> B BF ob i B
A A B 0 AR SR R, CPB P bk A
/NFIE Dex B BH I A% R O L ZRhE 1A &5 #) A
A IR, D ZHrp Mn—SOD /K- Fh i 28 s b0 AL
I/R #1073 18] ROS Tt 5 .0 LA 845 473 .

AL R, CPB Hf# BKk ff F/N ) & Dex
AERFE R AT A0 U AP PE T, SR, ABIF 58 A2 7E —
FE SRR, HEEE Dex £ CPB L ILEE S B £k
LR T BE AL 25 10 AR 4k, 7oA P S G B 5 3 1 1)
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