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Protective effect of nicorandil against exhausted exercise inducedmyocardial injury in rats
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[Abstract ] Objective To investigate the effects of different doses of nicorandil on myocardial injury in rats after exhaustive
exercise. Methods Thirty-five male Sprague Dawley rats were randomly divided into 5 groups: control group, exhaustive exercise

group, low-dose nicorandil group [ 1 mg/ (kg + d) ], medium-dose nicorandil group [ 3 mg/ (kg « d) ], high-dose nicorandil group [ 9

‘ mg/ (kg + d) ]. Nicorandil groups were given different doses of
BESWA A& /5 B 045 e L IR (18BIZ13) ; T [E 16

TSR A4 (2018M633765) nicorandil while control group and exhaustive exercise group
fE& £4:210002 F@K,}E%ﬁﬁjﬁg,é\l’é&%(E%??ZFQEE&E%) were given saline [ 3 mg/(kg « d) ] by gavage for 4 weeks.
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WA 3 Except for the control group, the other groups were given one-
BEMEE 4 55, E-mail : zhongyongnj@ 163. com time exhaustive exercise after pretreatment. Histopathological
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changes were observed under electron microscope. The activities of serum aspartate aminotransferase ( AST) , lactate dehydrogenase
(LDH), creatine kinase (CK), creatine kinase isoenzyme ( CK-MB) and cardiac troponin T (c¢Tnl), plasma catecholamine ( CA)
levels such as adrenaline (E), norepinephrine (NE), dopamine (DA), the content of serum malondialdehyde (MDA) , the activity
of superoxide dismutase (SOD) , and the content of ATP in myocardial tissue were detected. ~ Results Under an electron microscope,
mitochondrial cristae were broken. Vacuolar degeneration, some severe edema and sarcomere disorder were found in exhausted group. The
damage degree of mitochondria in nicorandil group was milder, and the improvement was most obvious in medium-dose nicorandil group
and high-dose nicorandil group. The levels of plasma CA and ¢Tnl in exhaustive exercise group were significantly higher than those in
control group, NE (4185.28+ 683.48) vs (739.50+336.68) pg/mL, E (4119.34+766.76) vs (2225.81+442.77) pg/mL, DA
(814.03+411.02) ws (95. 11£23.44) pg/ml, cTnl(18.65+4.41)vs (0.65+0.25) ng/mL, respectively ( P<0.05). Compared with
control group, the content of ATP in exhaustive exercise group was significantly decreased [ (283. 19+£128.35) vs (509.21+76.18) p
mol/g], the activity of SOD was decreased [ (402. 88+53.94) vs (528.81+76.98) U/mL], and the level of MDA was significantly
increased [ (11.34+2.44) vs (4.68+0.41) nmol/mL] (all P<0.05). The serum cTnl of low, medium and high dose nicorandil
groups were (10.86+3.61) ng/mL, (9.57+2.78) ng/mL and ( 10. 15£2.27) ng/mL respectively, which were significantly lower
than those of exhaustive exercise group (all P<0.05). The levels of CA in high-dose nicorandil group were significantly lower than
those in exhaustive exercise group [ NE (1856. 81+£964.98) pg/mL, E (3384.27+956.33) pg/mL and DA (421.47+194.43) pg/
mL, all P<0.05]. The ATP contents of medium-dose and high-dose nicorandil group were (310.71+74.12) p mol/g and (312.01=
101.07) . mol/g respectively, which were higher than that of exhaustive exercise group. The difference was significant in medium-
dose nicorandil group (P<0.05). Conclusion Exhaustive exercise leads to myocardial ultrastructural damage, increase of myocar-
dial enzymes and CA levels, and decrease of myocardial ATP content. Nicorandil can alleviate myocardial injury, which may be related
to the decrease of oxidative stress injury and catecholamine level, and increase of myocardial ATP content.
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®1 BFAXRONBRGIREDKFLLE (xes)

2H 5 n AST(U/mL) CK(U/mL) CK-MB(U/mL) LDH(U/mL)  ¢Tnl(ng/mL)
bopiiEcl 7 223.28+89.01** 1628. 47+423. 55% 414. 32+140. 26** 1159. 56+443. 74** 0. 6520. 25**
pALE 7 1048.76+£525.87°%  5665.24+890.31°% 1522.33+302.38° "  3659.97+431.12%18.65+4. 41"
Jen H/RIRFIERE 7 414.10+110. 51* 3117.32+939.30"* 1082.28+183.99 1957. 10+454. 42** 10. 86+3. 61 "*
JEnTH/RPFIEL] 7 671.82+232. 18" 2234.89+870. 32" 875.99+452.39"*  1797.77+444.83"% 9.57+2.78"*
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839. 61+390. 22 ** 1878. 00+323. 28 % 10. 15+2. 27"

Ei%tIRZH AR, * P<0.05; 5 S8 4H A%, #P<0. 05 5 )8 n #i /R rh I 41 b8, A P<O0. 05
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papiicEa:) 7 739. 50+336. 68"~ 2225. 81+442. 77** 95. 11+23. 44*4
T 7 4185.28+683.48* % 4119. 34+766.76 814.03+411.02°
JE ] b RG] e 2 7 2811. 69+902. 30 **4 4081. 38+796. 53 * 783.48+248.97"
JE T HR i 24 7 1610.26+721. 51" 3928.97+373. 36" 790.25+176. 95"
JE ] b IR i 7] e 24 7 1856. 81+964. 98 ** 3384.27+956.33 " 421. 47£194. 434

%t IRZH AL, + P<0. 05; 5 1340 AL, #P<0. 05 ;5 /8 a] #i /R th 41 b4 , A P<O0. 05
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Je AT b RG] e 2 7 7.04+1.40"* 455.81+39.43"% 271.01+128.51"
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Je ] Hh R ) e AL 7 6.44£0.71"" 492. 03+49. 34** 312.01+101. 07"
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T8 2 Bl T A R R O A TR 1 19832
AIRE B0 LBk il S B B AT H AT fE
ML 50 LA e i 12 AR 8T B A5 | 420 Fh 7 38 L 5 68 2%
FAHMLR T2 A7 G O WLAE 5 A0 R 1502 0 WL £
BB 2R, O IR R P o 480 75 R i i i A1 4
XA U, ATP 2 P AR 45 0 DLAE 2 A0 B
FRAC AW, FEAELRAAR A S O LB i 35347 Bt
ML ATP 3G T 4, ATP R A 4581 Nk
B0 O R 2, TR AR P R AR i, kAR
SERY NI RE 52 300, 40 B BE A U e A, — 2 i
AR ABE S EE T 1 8 41 JE AT Hb IR 45
AW RS # | 25 3 B, T 38128 3 5 ek 1A &%
PRI | I SR AR, B E s i A M, JE ] ML /R T
AP R B0 L A 153 403 1 100 sk e, LA JE T
JRYIH R O B

¢Tnl 20 UG 9 R S AR B, IE RGO
cTnl 7E MAGIAH YA BEAR G, LR MR 2], 0
JULAH 35 455 I B8 B, o0 JIL 200 i I 5 5 4 s 2 ok o
IR, Tl 5k 25 Bl 416 2R 1l 8 R ik 2100 LT 5, w] 78

HRHIRR  \DZIS\D\FhR\21 R E B EE25\03 5 #AE  HERR . Bl Hsffa]

A1 JE LA FEEE I ] AN 32 E 1% WL A5 R 52
MO ARTIRST R BR, 7 v 4k L FL G A K R 4
WEETE, JE AT R AR BRI O ALEG AT ¢ Tnl 7K
WA T v A, PR — R M ) v i Bl O LR
13, JE T H R 1A B 9 20 o0 AL RS R, o435 0 LR
a7 , PR3 v T B0 WL

ATP EBAELRIIRG I, & H MG O LR
HIBEIRAL &4, BRAEAR 9T & B bk & 7142 3
KB BIHL R ATP &8 B E FE ) AR5
WEL T — IR M 12 3l 5 D LA ST ATP 5 &, 45
KI, higizdhia ATP &&= B TR, X 5B
PR —2, Je R H /R AL BRI , Je vl Hb /R o3
HO NS ATP 5 5 79 20 K U &3, 7R
Je TR PR L0 ML, FERTRE A SR JE AT Hb R fE
FEHC ATP BB 8, 5 6 20 M 5 B A A, 31 )
FEL A 8 1 5 2 1l 3B Y T R, ek /D Al i A1 S Y
i, T B 2 R PN U S S B, BRAIR ATP JHFE

MU B BRI B S A A 3 7= 4 IE
FAGOUT , B i 3EAE 5 T B 2z R A T 3 AT,
I B R B2 Bl H A A AU SR A 2RI N, ) 3
P Na o W 87 1 Uy v IR 1 7

2020/6/16



. 234 .

R EBFBE2Y 2021 4F 5 56 23 B 3 W Military Medical Journal of Southeast China,Vol. 23 ,No. 3, May,2021

SOD REf# LR S0 B B F BB Ak S I, R IR LAA S AL
TR A7, MDA 2 200 ff FIEAS A R i s 1 o S Ak 4 7=
Yy, R AR =, T I e T
ARWFFE A R, KR — Pk 13842 305 1 SOD
T PR 8 A, MDA 75 52 0 35 358 i, 1T Je AT b R 93
ALFER AT B 7 38 K UL SOD I 1, B A MDA &
i, PR 1S ShRE S ML N IR R B il SEAR
TSR RN 3 A B TIAILAAR A R 3K OF, Je T R
] 3 o AR AP R Ak I S8 I PR A 1 8 32 B T R R
UG, AT REMLE S ATP SR 3 18 Y FF ik
R0l e A Y A 40 Y P 2B B 6
LR I 2 o B A T — 26 58 SRR 46 5T

IR A% 201 A P — 268 T 2 110 4o 2338 I, 7 ML O o
ETE SR 2 ) 4 WA T R AR, PR AL
Frnwh B iz s ARSI, SR LR R RS,
DATPERG B A8 R 2 FUE R E T AR T A
CA'  E FI NE K3 25 0 R e 4 B i
BB 738 K A 4 By S g, AT 5 | ek ol koRe AR
Y| R 1 NN | KA | B s Y B L T < e ] i OB 7N
FENT ) AR A SRR, — R IBIE B, KR
3% E NE Fl DA 7Ky 8 3 T8, 488 1 B 12 )
VB SRy — ol g 5 R 5 B -1 B R R R
T, M CA KEFHE . e T IR kb RS CA 7K
AR T a4, $RR e AT R I CA I BE R, [
IR I 2 DA P | ol 28 B 6 %oF O ML 5 1) 947
YER A R F 000 IUAAFE & REAISCoE T A B fr

1932 2 5 T B0 WU L B S8 405, ] 45 2%
25985 332 o0 B SO0 LR 1548 522 19 1 R 3
o ATHFE F W] — R P ) v 32 2 T S B0 U T
SR8, O UEEA CA A3 &, D WLZHZY ATP &
TR, JE T /R AL BE L AT KA A9 0 LA 37 A
HH, BEWES O LB 43, 1T BE -5 FAAIK S 7 38 461 405 A
JLZS S Mz K 32 O WLZH S ATP &5 HE A 56, 168
/b 158532 2 T B0 WU A3 B TR v B R G 1
s, RPN 2P HETE5T

it

(&% k)
(1] 2% 2Rl . ) I8aE Sl LA B o B

FEHERELI]. OB R, 2016, 37(4) :435-440.
Tarkin  JM, Kaski
nicorandil[ J]. Cardiovasc Drugs Ther,2016,30(4) :367-378.

TR, PR, XUARAR, S5, S5 MR 3 bk 4 TR e 7T
JRNF 2 ST Bedt s 21O WUESES A6 Y7 J5 O LI T e

JC. Vasodilator therapy: nitrates and

Tbaibl ik

\DZ15\D\ 5} \21 R g B S 25\03 5 ACHE  HERR . Bl i)

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

2020/6/16

TSR], AL AR AL, 2017,45(1) :26-33.
Wang S, Fan Y, Feng X, et al. Nicorandil alleviates myocardial
injury and post-infarction cardiac remodeling by inhibiting Mstl
[J]. Biochem Biophys Res Commun, 2018,495(1) :292-299.

Bedford TG, Tipton CM, Wilson NC, et al. Maximum oxygen
consumption of rats and its changes with various experimental pro-
cedures[ J]. J Appl Physiol Respir Environ Exerc Physiol, 1979,
47(6) :1278-1283.

O R H B R S 71 B HIE B TUE T K B
I RE AT A B IR SR I3 e A 1 43 SE IR [ T].
T AT TIE O AL BE 2 2%, 2018, 10( 3) :292-296.

Olah A, Németh BT, Matyas C, et al. Cardiac effects of acute
exhaustive exercise in a ratmodel [ J]. Int J Cardiol, 2015, 182
(5) :258-266.

FRUIES TR O ML IR T $ i —— ORI E i
BALIFH[ )] AR AE 2], 2011, 24(10) :1103-1107.
Kuznetsov AV, Javadov S, Margreiter R, et al. The role of mito-
chondria in the mechanisms of cardiac ischemia-reperfusioninjury

[J]. Antioxidants ( Basel) , 2019,8(10) :454.
SRk, AR R L GE A OIS ET T R LS AR
FI AR O WURESE S 2 o i R, AN (ELL ) . B
Rz s 2 2438, 2016,37(13) : 1799-1803.

XM, T R, D, . Ak O IUREAE B 10T LA B

F TR I e R ()], R E B BE24,2013,15(1)
14-17.

Tk, EF B et AF — U 3 iE S K L PHBI
FIR BRI RE R SE 0 [ )] o [ 0 A B4 2R R, 2017,
33(6) :544-549.

Cadenas S. Mitochondrial uncoupling, ROS generation andcar-
dioprotection[ J]. Biochim Biophys Acta Bioenerg, 2018, 1859
(9) :940-950.

Suzuki K, Tominaga T, Ruhee RT,et al. Characterization and
modulation of systemic inflammatory response to exhaustive
exercise in relation to oxidative stress[ J]. Antioxidants ( Basel) ,
2020,9(5) :401-420.

Ono H, Osanai T, Ishizaka H, et al. Nicorandil improves
cardiac function and clinical outcome in patients with acute myo-
cardial infarction undergoing primary percutaneous coronary inter-
vention ; role of inhibitory effect on reactive oxygen species forma-
tion[ J]. Am Heart J, 2004,148(4) :E15.

B b W BREUT, S A RIS B 7 R R R R
JLZRm e i s Be ML [ 1], JE B0k K242 4, 2018, 41
(11) :69-73.

Zouhal H, Jacob C, Delamarche P, et al. Catecholamines and
the effects of exercise, training and gender [ J]. Sports Med,

2008, 38(5) :401-423.

(Wo#s B #:2020-11-24;

&= B #5:2020-12-29)
TEXRE . A—H)



