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[ ABSTRACT]

Nitric Oxide;

Cardiomyocytes;

poxia/ reoxygenation and effects of NO on cardiomyocytes delayed protection ( DP) .

measured in the models of hypoxia/ reoxygenation (H/R) of cultured neonatal rat cardiomyocytes.

Hypoxia/ Reoxygenation;

Nitric Oxide Synthase;  Delayed Protec

Aim To investigate the influence of nitric oxide (NO), nitric oxide synthase (NOS) on cardiomyocyte hy-

Methods The content of NO, NOS were
The cell viability, lactate de-

hydrogenase (LDH) release, and the content of malondialdehyde (MDA) and superoxide dismutase (SOD) were measured in the

models of DP of cultured neonatal rat cardiomyocytes, with pretreatment of [-NA, I-arginine, sodium nitroprusside ( SNP) .

Results NO and NOS increased significantly after transient hypoxia/ reoxygenation.

induced by H/ R.
can not mimicked DP, but SNP may mimicked DP.
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Hypoxic DP attenuated cardiomyocyte injure

Pretreatment with norrselective NOS inhibitor [-NA abolished the protectiive effect of hypoxia DP, I-arginine

Conclusion NO may be involved in the protection mechanism of DP.
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Table 1. Changes of NO, NOS after hypeoxia/ reoxygenation in

)

|
).

cultured neonatal rat cardiac

A B —HMA —EME A B
(Hmol/ L) (ku/L)
payii| 19.25+4.95 4.62 10.28
RE —E%2h 29.79 *6. 87° 5.19%0. 42
BRE —E% 6h 38.33 4. 45" 5. 49 £0. 46°
RE—H% 12h 40. 67 *2. 84" 5. 86 £0. 47°
BRE —H% 24 h 41.83 £4.27 5.89 %0. 31°

ar P< 0.05, S5XMEALLES; b: P<0.05, 588 —8%2h 4
L& .
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1M SOD F+7& 77% (P < 0.01) » DP & 7] DAk % Hi 4
—SEFTE NO & &A1 NOS % PR3 in( P> 0.
05) . A —H A 24 h /7, BEE TR B 41 nT DL
1L DP, {5 B8 J5 1 Bk S —52 %05 40 A7 75 R 8L H/R
T 36% (P< 0.01), LDH B> 13% (P> 0.
05) , MDA F1 SOD 73 5l BE 1K 219% ( P< 0. 05) AT &
62% (P< 0.01) . . NO 7KFF1 NOS & % H/ R
HIFMK(P> 0.05) o B —K AT 24h A5 R BRTH
i B H 40 i A7 15 2 L LDH Bl T 88 F1 SOD 5 HY/
R AHEHTLEEZEEER(P> 0.05) . [-NA 41.0001
Y AEIE SR DP 4H 411K 28% ( P< 0. 01), LDH Bl
3 DP 435 52% (P < 0.01) , 7§ —EE A1 SOD 43
5 DP 0 5 13% (P> 0. 05) FIF#{% 23% (P < 0.
05) . NO & &A1 NOS i& M5 DP 4% FE%( P> 0.
05), {H NO F1 NOS 175 4H B2 H #5055 B 20 3 = (P Fh<
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0.01), L3 2(Table 2) .

F2 HENLESEMNNEELBRBREARCNMARREERMLEH E’\]%ﬂl‘lﬂ(; *s5, n=6)

Table 2. Effect of biological agents on delayed preconditioning in cultured neonatal rat cadiac myocytes

a4 A NO (Mmol/L)  NOS (ku/L) YRS LDH (u/L) N % (nmol/L)  SOD (kNU/L)
xf A 19.3t4.9 4.62%0.28  84.08% %6.93% 19.2%3.7 0. 99 %0. 60 38.2%4.9
B —E A A 31.3%10.5 8.17£1.20° 42.58% *4.41%° 83.0%12.3° 3. 14 0. 39* 12.5%4. 3
JE IR BRAE AL BEL4H 24.6%6.5 7.46%0.77*  65.06% £5.60% "  54.2%8. 3% 2. 40 0. 40 22,242, 0%
i+ s — = H A 24.6%1.0 7.33%0.55* 57.53% *6.15%% 71.7%6.7* 2. 48 0. 34 21.2+2. 8%
LR+ R —EE4H 28.1%9.5 7.8610.97* 44.92% £6.65%“  85.7 £8.5% 3. 02 £0. 34 12.5 4, 3=
[-NA+ ZEIR G T #1240 19.8%£6. 15 6.87£0.92*  46.96% *4.22%* 81.8%4. 7" 2. 72 %0. 30" 16.9 2. 24

a: P<0.01, ¢: P<0.05, 5XMAHLLE; b: P<0.01, d: P< 0.05, HHHE —EHAHLE; e P<0.01, {: P< 0.05, SERGATLIA

HeL .

3 1

—HMNE(NO) 2 - R BRAE NOS 1EH T 44k
A B — PR AR AU, R EAZ 5 . NOS 7E
RN = Bl 5 0 A, BD R B (eNOS) | il 48 1Y
(nNOS) AT I 41 i 14 (iINOS) « NOS TEfR N & /b
PR AEAE T7 3 —Fh o IR AR BY(NOS) , 75— Fl R
A AI(INOS) Lo,

Liu 257V 7E K BR A Sl 100 8 Y A 75 o G 00 B8R ot
X 35 0 LZH 2R R ) NO < &L NOS 35 PEFT INOS 285
JESRIML X B R =, IR S 5kl HEE . B
A ARFEE N, Depre 2% 5236 R BB ML /S 5 min
NOS FF a5 T+ i1, 78 BN B i RF 274 =, 1
15 min J§ NOS 35 M T B 2 5 i g K ¥ A SLI0 &5
R AR TR RO VLA M 7R S8 B 473 J5, NO
BB NOS J5 MR R 4L 48 n, 7 HLRFSE 24 ho B
PV JG NO [BIRFEEIE I v] 52 2 BT NOS AR 1)
A T ja e R A . BTl NO 30
FEENE MR AG RO REEGY. TE
) NO 7] 5 58N R EF 7 T 45 & A2 A 2k 58
BT (ONOO) , ONOO i#—2 73 fift A= i OH, OH 7= A&
ST AT (R A 4 B e 25 A R A i T e AR A, A
SER I SE B M. LR MR BT AR Ak, T JE
Ca™ -ATP BEiE M T BE, WL R0 ep 4 7745 08 2D, 72Uk
A FART S BRE T D, S B AR R B E S . @
NO FAAEBEIELZH 2 cOMP P2 A3 1. «GMP 18 jin A]
BOE cGMP WM B B B, #) L- B 4538 5E, b
YRR S IR, F O 4R Thae . (EBA A NO
A 5 06 PR AR A SR A AR U LA AT A A
NO 381 F0 1] A 20 P (0 R 2 o B B 1 400 B A4 i e 1)
T T V232 P () 38 1 PR 1) 2RE P 2 5, (ANO thfiff e
FALPIBE B TR0, a3 S 40 RS B 0 AR 5
BT, @INO 383 NADPH 8 AL I B A A, i)

P4 AR R S S T

FEFE NO SO LB I -7 v B A AR 1 A ik 2
HEMEH BRI MA F . —J7H, A A NO Al NOS
FE DN HEER PR E R ILEEREMANY, Patel
22 NSIESE 1I-NAME AJ3i5 %] PC 4. % —J50H, 7
BEARTEVE K RO IR AL Y NO A& T- RS & BR WEE
A AR ER 2% O WL A AR 4R F, R B ok 3 O
BAEIR B Bk &, B ST FE SR AN LDH 1) B i
2%, T HLAT LA NOS 4155 L-NAME Frafith ',

BRI AL PC) 2ILPAN IS AH, B IR 47 £ PC
JERIZIH I, ¢4k 2~ 3 h; DP Bi2E —{RIE 7E PC
J5i 24 h I HFRRSE 3~ 4 RIS Fo LT AL 2
RAENUH H AT R e 4 . Bolli 2515 ¥ k7
P SEE 3R T A B3 Co LT RE A ) FULATE 00 SI2 36 v 2
HNO B EEMIEM . ARSI
NOS i 751 L-NA A LLRH Wr [ f5 55 2.3 Rk Ifi 75
FEVE O WU R VR, T ES TIE R iINOS 1
1] 7] AMG( aminoguanidine) %14~ 8¢ FH Wr H [ f5 1) 2E1R
BRI ERU . 7R TRAL LS O 25 — R KA Ta] ok ifn
FEVERT 4 F 1-NA 5{ AMG, 7] L 58 4= BH ¥ 28 38 i b
ISt e P R VA ) T 3P A5 4 AR /N 0 ILAS AT 3
B R R T . 378 NOS 76 ZE 3R T b ¥ A (1)
MEAEH, eNOS 72 1E 1R T b B ) i % R 2%, 17 iNOS
£ DP TR . 3E— B BE R NO ftik
DETA/NO ( diethylenetriamine/ NO) A 3554 AT AR 4EL
DP SO UL AT 33 5 AR AT 300 ek 45 405 AR 4 4 O .
—BIESE T NO A& & LA R OHURSALH] . 1 B
ONOO 1 OHi% [ 751] MPG ( mercaptopropionyl glycine)
AILAFH B DETA/NO ()R 47 4E H, $278 NO 75 F 1)
DP AT 5 ONOO™ A OH S 8 Ak 4 Ay o619, A&
S 2R BH A I m] LB DP S0 LB PR 1
I-NA 7] CARH I DP (O AVRPER . 5 LiRgs R —



548

ISSN 1007-3949 Chin J Arterioscler, Vol 12, No 5

o 1M NO AiHR - K & BR A A GEA L DP, H AL A
B

—EALE(NO) 55 DP () ELARHLHI 34 AT 4,
HETA & N0 MIER HAb B #3 . HHl
T RE 2 H T 4 T A B i ) BCAE NO (T A E
eNOS 1E F) A1 O™ 2B s 38 Jn, 1 J& P9 3 % 5 AR ik
ONOO’, ONOO™ H % Bl 1 ) 37 B 7= ¥ i OH i
PKC-€. PKC-€ [3E m] LA 2 — RIIE R ME 5
3 R4, 1§ INOS 5 [RI#L 338 Im, M AE2E 2 K
iINOS Vi P38 w55 T S R i B 2 T DL B B2 1R T INOS
6 M. S5 A 2 K BE JS R g o R 3
2 R EATIA AR NOS [F LEL RS 5T
DP (ORI EH, eNOS PPAINO IR T4 1 K
PC J B fFF4E; 1T INOS P2 45 19 NO 258 2 K
HEAH A it 453 25 AR P

zx R, NO 5% DP W) B ARHLHI A £5 T3
—BIERET . R Qi 750 I R A R 3h 2R 259 i
FF O U PR3 SR AR 10 S0 2

[ &3 3C#K]

[1]  Yao Z, Gross GJ. Role of nitric oxide, muscarinic receptors, and the ATP-sen-
sitive K* channel in mediating the preconditioning in dogs. ~ Circ Res, 1993, 73
(6): 1193201

[2] Patel VC, Yellon DM, Singh KJ, Neild GH, Woolfson RG.  Inhibition of nitric
oxide limits infarct size in the in situ rabbit heart.
mun, 1993, 194 (1): 234-240

[3] Bolli R, Dawn B, Tang XL, Qiu Y, Ping P, Xuan YT, et al. The nitric oxide
hypothesis of late preconditioning.  Basic Res Cardial, 1998, 93 (5): 325338

[4] Wang Y, Guo, Zhang SX, Wu WJ, Wang J, Bao W, Boll R.

Biochem Bigphys Res Com-

Tschemic pre-

EEEE-BE-

conditioning upregulates inducible nitric oxide synthase in cardiac myocyte.  J
Mol Cell Cardiol, 2002, 34 (1): 515
[5] Simpposon P, Savion S.  Differentiating of rat myocytes in single cell cultures
with and without proliferating nonmyocardial cells.  Circ Res, 1982, 50 (1):
101-116
l6] SRS, @lE. —HAARSMBET SNEF AR REMAFS
s AR o #E, 1997, 17 (3): 267-270
[7] Liu P, Hock CE, Nagele R, Wong PY.  Fomation of nitric oxide, superoxide,
and peroxynitrite in myocardial ischemiar reperfusion injury in rats. ~ Am J Physi-
ol, 1997, 272 (5Pt2): H2327-H2336
[8] Depre C, Fierain L, Hue L.  Activation of nitric oxide synthase by ischemia in
perfused heart.  Cardiovas Res, 1997, 33 (1): 82-87
[9] Dawn B, Boll R.  Role of nitric oxide in myocardial preconditioning. AnnN Y
Acad Sci, 2002, 962 (5): 1841
[ 10]  Shah AM, Lewis MJ, Henderson AH.
traction and on notropic response of ferret cardiac muscle.  J Mol Cell Cardiol,
1991, 23 (1): 5562
[ 11]  Izhar U, Schwalb H, Borman JB, Merin G.
nine in myocardial ischemia and reperfusion in an isolated working rat heart mod-
el. J Cardiovasc Surg, 1998, 39 (3): 321-329
[12] Yamashita N, Kuzuya T, Hoshida S.
preconditioning to sustained ischemic snd its effect on limiting infarct size.  J
Mol Cell Cardiol, 1992, 24 (suppl I): S150
[13] Bolli R, Bhaiti ZA, Tang XL, QiuY, Zhang Q, Guo Y, et al. Evidence that
late preconditioning against myocardial stunning in conscious rabbits is triggered
by the generation of nitric oxide. ~ Circ Res, 1997, 81 (1): 42-52
[14] Bolli R, Manchikalapudi S, Tang XI., Takano H, QuY, Guo Y, et al. The

protective effect of late preconditioning against myocardial stunnung in conscious

Effects of & bromocyclin GMP on con-

Cardioprotective effect of L-argi-

Relationship between time interval from

rabbit is mediated by nitric oxide synthase: evidence the nitric oxide acts both as
a trigger and as a mediator of the late phase of ischemic preconditioning.  Circ
Res, 1997, 81 (6): 1094107

[ 15] Takano H, Manchikalapudi S, Tang XL, Qiu Y Rizvi A, Jadoon AK, et al.
Nitric oxide synthase is the mediator of late preconditioning against myocardial in-
farction in conscious rabbits.  Circulation, 1998, 98 (5): 441-449

[16] Takano H, Tang XL, Qu Y, Guo Y, French BA, Bolli R.
donors induce late preconditioning against myocardial stunning and infarction in

Circ Res, 1998, 83

Nitric oxide

conscious rabbit via an antioxidant-sensitive mechanism.
(): 7384
(MeocgmiE  SCEH

ST SRR TR 44 TR AR A FH 9 S 4 55 R] ORI

=N EZWFMB ARG EN 7T RE RIS,
EBEEAERA =G 5 RS XM, BE AR
MR, X EWE S, N2 BT AR, AT A G 5. 2R
e S TAE R, T ZAEH 2 XS 2% SCR P 28 %5
EN-2 R AT N e R s Y S R L
] — AN 35 S 24 W AR TR, B IS R, G derived 3X AN 1A,
A EERIRE, BRI, A M ERATE;, @S AM
Vi, L FBER KN B A — B, a0 # iR 5 A ( apolipoprotein) ,
455 N apo CAEINE, T EEIH Apo Fl apo B 5 ik, I %
AN, B B HAESCE S, B I AR CBERE, B 2R AR B
=SAPF, BT, AN AEE B %S R Wi A, 28
— X HILE, WE NI, RERS, X2WAN K. H
STk, ARG —, TTXS B SRR 44 18] R 55l F 9 S 4
BB HE, AT
1 BWARBEINEI N WFEN, —BEHG 2T 3
ASPLCFRY, A RS 9S4 5 R i iE AR IR R A

i L B PR AR 7R 4, AR B DL AELR 0 0 i A 9
L1 4b.
2 SO SRR | IE ST &2 bR R 3 BRI A bR
FR IR 42 3R R T8, AN A 9 3048 5 R R AR
3 B A AR E v e S W, T R E, TSRS
WEA MBS, 24 RS 205 7 24w AR EERK.
4 B RAE IS0 S R R AR R R TE I, 6 R R
TR RE: DUOCRMR( R, 465 10) « iR &
B A MEE BE(very low density lipoprotein cholesterol, VLDLC) 3
Jik 3 BE 1 4K ( atherosclerosis, As) %% .
5 ENHHRANF LR AHEL.
6 -BENEEIE T B E A IET R 5 W R $T, WA
P 5 EAFRZANMETFFF(HFFL), W1,
7 AR A S WA RAT .
8 WA AN E I 2 ] 98 5046 5 AR, TR E SOk &R
RATH 4~ 6 4, HEXCHIR 4 MW

PA_E R e 1 3L R R AT
(AR AZAT)





