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Protecting effects of m—nifedipine on isopro—
terenol- induced myocardial injury in rats'

CHEN Nian—Hang, RAQ Man—Ren (Department of
Cardigvascular  Pharmacology, Nanmjing Medical
Coliedge, Nanjing 210005, China)

ABSTRACT Ta test whether wm—nifedipine
(m—Nil) protects heart against myocardial injury in-
duced by a single subcutaneus injection of
isoproterenol (Iso) 30 mg / kg, male rats were injected
subcutaneusly twice daily with m—Nif 6 umol # kg for
4 d. Hemodynamic changes, serim creatine kinase ac-
tivity and icn eontents of myocardial tissue and
mitochondria were asscssed about & h after Iso injec-
tion. While it did not notably influence blood pressure,
heart rate and left ventricular contracting function of
rats, m—Nif markedly attenuated caleium accumula-
tion in myocardial lissue and mitochondria, reduced
magnesium and potassium loss in myocardial tissue,
depressed the release of creatine kinase and prevented
the elevation of left ventricular end diastolic pressure.
These beneficial effects of m—Nif were similar to those
of nifedipine (Nif}. However, m—Nif decreased minute
tension—time index more significantly than the same
dose of Nif. It is possible that m—Nif protects the rat
heart from isoproterenol—induced injury by inhibiting
transsarcolemmal calcium influx.

KEY WORDS wmr—nifedipine; naifedipine;
myocardium; mitochondria;

isopro—

terenol; calcium;
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hemodynamics; creatine kinase

BE #s<cRAEETLRBRE Is0)30mg/ kg BXH,
HB MR B E K se BRERE(m—NiD), H Iso J5H 6
h, m-Nif R EHTEAHL BP, HR RIEFEWHE
ThiE, {EE 4 W EC L R gk e R FR L T P
LU R XL, W CK 8%, Bk
LVEDP # #. £5 % K B U F5 B/ ERE (NI
{HEE4E TTI - HR BT SR N L RPFERNRES
ERMERE X,

A R HER RETLEE,; LK
sk, 55 MUAEER T, INEENEER

HIE RN B L I ¥ (isoproterenol, Iso)if%
ER LR R RERY, BT IEE
Tso %5090 L8501 £ 7 2 34 O BRI M &
B P B LiE, B X K (nifedi-
pine, NiNZE £ 8 A B E T B A1 & Iso
5| & /.0 UL4E 4R 651 £ 7 3 B B L DL 40 B IR
FEV. B, AWBEHANETE L Iso 8
LoBEBEtE A, Sk RSORRIEE. ABTIRN
LTS MR R o B, SRR A L)
B sh F2E A =T, WA —E N
25 #5347 10 M 3E BE (m-nifedipine, m—Nif7E
H gt R BB IS 2 i At Tso %522 0.0 A 468
tHRIEEm, 5% Nif 7L E.

MATERIALS AND METHODS

i m—Nif f1 Nif E X B EZ T dk #f
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HEHEG, BT & 10%AKIEN 40%FH
B 5 ) (solvent, Sol). Iso B3 [ & ¥l 2
Be 25 M WFFT Br i 4, I T A ALK (NS), 55
BORC . AW RS T — B AR B N i FI B R L AR
Futh s BB L AL EF R BT A LG —
TRt RS, S4B REL, WM
B ARG S, B h P EPHE BB LR BT
£t HEERBHE™ AR .

SBBEBE Sprague—Dawley & AR 40
H, k@ 286 +SD 55g. F#HL 20 4 H:
m=Nif + Iso, Nif + Iso, Sol + Iso FI % & &
AW 4 4> 3 Ja X sc m—Nif & Nif 6 ymol /
kg, bid x 4d, BE—KEHE 0.5h 7EXHN
JG 43 scIso 30 mg / kg, ERE DG K
sc Sol 1 ml/ kg, bid x 4d, B&5— ¥ Sol
J& 0.5 h #FE 3T MG 4B s Iso 30 mg / kg =R
NS 1ml/ kg

mEzH HESHAE THER 45 min,
KEREHIE 1g/kgip BRF. ¥ PE, R
BEAAFHMBEBALRE, BEHN 10min, F
sc Iso BE NS /5 6 h, ] SJ-42 BIGHEAR{LFE
A IEREZELVP), ZEHN R
(2 dP / dity,,), 2B KRB ELVEDP)H L
BET R HWE WSEHREGIEHK, W
BBk EBP). #BEH M R(ET), S5
T3 R T MR B R) RS (T {ED)F0 438 -
B¢ J7 —i ] 38 $(TTI - HR)®Y, AL ZHE
EfE#EE 10 min BAHAH.

I AL B M (CRORME IV 52 m#3h )
& W IE LM g B3 Bk AR m 4 B i
—10C {7, T 3d P3 B B 15 5 ¥ 2 i 7%
CK k.

DHARETFHSEUE BHRERAEZN
500 mg, IMARNBE( 1mol /L)Y10ml/ g2 H,
HERAIE®, 25CHRE 24 17, 12000 x ¢ B
> 10min, R EHB, EERER, &
AA-1475 B EF A 6 e BEH Lk, TER
4227, 285.2 1 765.5 nm &R E LA

o SERTETEE. HESEANFNER
¥ & THBR(1 mol / L)FI 0.1% =& ALM7. &4
¥R H AR L EAL, T 100C 8t 6 hil B F
HEEEWME, B ymol / g TEITE.LALEE
HTaR. .

CHNENEHEREFIRERNE 5]
Sprague—Dawley 3 K@ 20 R, {&£H 279+
SD33g 4#AAL. F sclso B NS /5 6 h,
Wik, B0 L. 7 A SRR e 2 Eh.
¥4 B WU (RENE 250 mmol / L, Tris-HCI1 50
mmol/ L, pH 7.4 ¥ L L, BV, # 20
ml/ g WEMASBER, SI¥ 4.5, 105, 4K,
AR 10s, FHFEBWIEFITE. BI%
225 x g LD 6 min, B LT, ANRESHT
ME, 12000 x g BS.Lr 10 min, BRITHE. IOA S
ml 4B, PEiSE 8700 x g B> Smin, B
H 2, BNy ycI SNk B
BiAEE OC BT BHAarPMERNEE
BEE. REFIEFINANEEKE (1 mol/L)
ER, 25CIRIE 24 h, 12000 x g B 10
min, B L, KEERESRRRE, SR
ETaR.

BT 52 e B R R 4R L2 R R AN B B
— R, #ETFAME. FFRAEAYBREETK
Ao .

RESULTS

h®ehHE sclso J5E 6h, WEEE
(SBP)HI4F 7 B (DBP) B # T &, /L E(HR)H
B, m—Nif# Nif i85 B8 Iso 9 L
#HAER. Iso X @F FAF LVEDP # TTI-
HR. m—Nif f Nif #1524 5 |t LVEDP # 5,
tind TTI - HR #%&, B m—Nif fER R,
f# TTI «- HR H Sol+Iso # Nif+Iso £ 4> B
A 23 [ 15%. A, SXEALE, m-Nif
1 Nif iR B X454 ET, M Sol+Iso £, ET
BRESERE. MMHEOBI XS, &8
Iso HZ A B EER(Tab 1).
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Tab 1. Hemodynamic changes and serum creatine kinase activity of rat about 6 h after a single sc soproterenol (Iso,
30 mg / kg) with the pretreatment of m—nifediplne (m—Nif, s¢ 6 umol / kg, bid X 4 d) or nifediplne (NIf, 5c 6
jomol / kg, bid x 4d). n=10, £ £ SD. "P>0.05,*"P<0.05"""F<0.01 vs contrel. TTTP<0.01 vs solvant(Sol)
+Iso, 3#1P<0.01 vs Nif +ls0.

Control Sol + Iso m—NIif + Iso Nif +Iso -
SBP(kPa) 178+1.2 155+1.5"" 149+1.7°" 164£1.7"
DBP{kPa) 11.5+1.3 89+1.2" BT+15"" g4+14"
LVSP(kPa) 21819 21.5£27 21.5£1.3" 0.8+26
LVEDP{kPa) —0.14£0.27 0.40+0.17"" —0.3+x04 T —02=03 1
+d P/ deg.{kPa/ 5} 1038 t 168 1031 +£212° 123£171" 1085 + 312
~dP / de,(kPa/ s) 640 + 88 637+ 170° 6§72+ 112 697212
T{ms) 6.8+2.5 73 6217 6413
HR(bpm} 407 £ 44 483 +36°"" 469 £ 297" 482 + 36"
KsET(ms) 18226 16.2+£25" 14+4"" 15.7+2.7"
TTI - HR(kPa - 5 + min™) 283+ 46 326+ 48" 252+ 400" $ 296 + 24"
CK(IU / ml) 2.7+t0.8 46t08"" j4atoe " Tt 33107 TH

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; LVSP: Left ventricular systolic pressure; LVEDP:
Left ventricular end diastolic pressure; +dP/dty,, The maximum rate of rise of left ventricular pressure;
—~dP /dt,,, The maximum rate of fall of left ventricular pressure; T: Time constant of isovolumic diastolic pres-
surc decay, HR: Heart rate; ET. Ejective time; TTI - HR: Minute tension—time index; CK: Creatine kinase

W CK & sclso JGH6 h, IM%CK
WL A& 72 % . m—Nif # Nif Q) {E
Iso BT AY.0 AL CK B2 3 26 1
29%(Tab 1).

DIARETFER Iso #OHEBESEE
High 3.2 4%, S SRR 50 F0 27
Yo. m—Nil Fl Nif HE1DH Iso SEALHHS
BTHREZM, DS UL R RE H
B. 5 Sol+ Iso A Hi ¥, m—Nil I Nif .1
WUEH 265 & B4 Db 56 1 59 %, 68584

Flhn 44 F1 51 %, HREE A 5 I 22 F
5% MEEERBE L AR S ER
(Tab 2).

DIEREBEFERAE Iso LA
RRE SR M 1.7 4, EXRRIRSENES
B H . m-Nif FNIFEIFE 2 0% 288 {4
PE A fd > Ik Sol+Iso #H 4 Rk 4 37 40
3%, MAT RN HEEMF TR LB E LR,
m-Nil WIERAERE L 5% 8 Nir #if
(Tab,2).

Tab 2. Myocardial tissue and mitochondrial ion contents of rat about 6 h after a single sc Iso (30 mg / kg) with the
pretreatment of m—Nif(sc 6 umol / kg, bid > 4 d) or Nif(sc 6 umol / kg, bid ¥ 4d). x L 8D."P~0.05, ""P<0.08,

" P <0.01 vs control. TTTP<0.01 vs Sol + Iso.

Control Sol + Iso m—Nif + Iso I THIE S
Tissuc (n=10) {n=10) n=10) Ha=1u)
Ca™(umol / g dry wt) 38+1.4 161+2.3"" 70x15"" Tt 6o_ = Tt
Mg*{gmol / g dry wt) 4511 228" 3243 339x25 Tt
K'(gmol / g dry wr) 261 + 28 190+ 13" 2334027 it 224422777 M
Mitochondria (n=7) (n=8) fn="T) i .t
Ca**(amol / mg prot) 178+£22 48 £ 5" w4 T 20 e
Mg {nmol / mg prot) 17427 18.0+2.1° 174224 173
K*{nmol / mg prot) 43+ 4 45 = 6" 45+ 7" 47 5
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DB SRS I CK EHMEER
FEXEA, CHEST S RENE CK Httz
AT, HEMR Iso WEHE, (LILEHEHS
EREHME CK H#EIEMH K. m—Nif+so,
Nif+Iso 1 Sol+Iso #H, # 3% & ¥ 4+ 9 %
0.72, 0.67 Al 0.65 (P < 0.05).

DISCUSSION

Iso iEid ¢4y B 2K, BT cAMP &BiT
T a5, SRR R A R R B R R
KA E, LR o SR L~EE
HE R % 40 AT FE B p LR R > — . 0 Nif —
B, BB/ B RS T m-Nif £&55 %
PO LS R R RS FER A E N, R G
NS EAER ER L CK BB, #F
= NI I 3 30 A0 55 P B3 7 0 UL 48 AR i R
5. F Iso BOAIAESIE XS SN CK i
ZHREEMGMF R — G b, T3
FOIIHRES BTt e S S A B
Fhiz L EME S EMAE LD,

ER{REE LVEDP ZELLAEAR. oL
. GCIER . A EEFIK T BN LY () B
Y. m—Nif il Nif 22k B %2 Iso KR
) BP., HR A BN EH N, H R
Ik LVEDP 7t &, ZL08ARFEN&ET X
FEKIERM A4, EXTREHT,
m—Nif Ffl Nif B AR AESE £ #HA Tso BrEm) -G AL
AU Rk ES L R Ry, BBF L LVEDP A&
HAH Y Z 4, RASEHFEIERMEETHRIGE
SRR P R K S A B M R IE R KT, X
S@RakeERUYE M Z 4. HE e
GEERCE InN

TTI- HR mfaldERBGOCIIEER. &
Tso M4% BP, 3§40 TTT - HR, o 5 3.0 {147
xR B /Y. m—Nif #4 Tso FrEca TTI -
HR A& £T Nif, 7 #1)F &0 EPHFE
P, X HER TR Iso BTRLLC MBUE I F
—RIRE.

PR ARSI E T, 2R R R
LR AR, AFSHkIRE, W THRE. &
Pt AR R RS X R TR SRAIE
#HE!D THESHIUWHFHIBERA X
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Effect of nicorandil on corgnary circulation in
ischemic region

CHEN Shi-Liang, ZHU Mijaoc—Zhang, FENG
Xiag—Bing, LI Lap—Sun, ZANG Yi—Min
(Department of Physiology, Fourth Military Medical
University, Xi—an 710032, China)

ABSTRACT To clarify the role of nicorandil (Ni¢)
in relieving myocardial ischemia, the effects of Nic in
caninc models of coronary artertal stenosis were stu-
died. During stcnosis of the anterior descending
coronary ariery by an external micrometer constrictor,
intracoranary infusion of Nic 1, 5 pg / (kg » min) 1n-
creased coronary blood flow and decreased distal
Coroniry pressure, total coronary arterial resistance
and small coronary arterial resistance; but did not
affect mean aortic pressure, hcart rate and large
coronary Aarterial resistance, Whole blood viscosity,
plasma viscosity and hematocrit in toronary veln after
intracoronary infusion of Nic were reduced, The re-
sults of intravenous infusion of Nic were similar to
thosc of intracoronary infusion.

These results indicate that Nic is capable of in-
creasing coronary blood flow, alleviating mygeardial
ischemia dvee to direct dilatation of coronary arterv
and reduction of blood viscosity in ischemic region.

KEY WORDS nicorandil; coronary circulation;
hemodynamics; cheology; myocardium: tschemia
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L7 5 WY KB 412 (Nic 1, 5pg / kg » min)5, SR #H B
. ENASIAIE. 5ROl B ) A R B
FB A1k MmN B HE. FRGkie
IRSHE, ARG B MU EL A BRI v {3 B4R
FIMER. FU Nic 33680 i X 5= B R0 O #i s
FERI W EEHR.

FRIE RTHR; ket BIEEE, M A M
WAL, JOHL sl

e AR B B A B B e AR Y LS [ RO LR
MF—AF S, Ry nE2hn] Ll aEs
3 #F 2 JE T Hp /R (nicorandil, Nic) £ K £ 3 &
AN —FiC R, CREY e ik,
33 fop o 3 B, e e ot B UL £ RN BE 2
BB, 380 SR BEHL 1] 00 P REE RO 0L 3R OV
H B % A REFR,; 1) Nic 2806 i A
2S5k EXRERIERLEEERTH
Bk? 2) Nic ¥t KEkREAT HAER? H
PEFRRAZ A7 3) Nic £ 75 GBS Gl i X i 3%
WYL, RCELTERABTER T, B
7 N Wik EH A LRER, T T e
Ao LR IO I A L,

MATERIAL AND METHODS

Nic dPETE 5 EZy Bt e 6. ik
ZePh R 18 %K, AR 19 £SD 4 kg, & 5 A,
R HRMN v BT YYE, ARRKEWR
EE-SEX TP HERBHERET MF-27)
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