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Frequency— and voltage—dependemt effects of chan—
grolin on maximal mpatroke veloclty of action potentlals
in gulnen plg paplllary muscles

PAN Hui, SHEN Wei—Qun, YU Zhi—Ming, XU Bin
{(Department of Physivlogy, Suzhou Medical College,
Suzhou 215007, Chind)

ABSTRACT  Changrolin {CRL) is a new anti—
archythmic drug originated in China in 1970s. The
effecfs of CRL on maximal upstroke velocity (F_,,) of
pction polentials were stixlied with standard
microclectrode and computer in guinea pig papillary
muscles. CRL depressed the V... This cffect was de-
pendent on the rate of stimulations. The onset of
use—dependent depression was monocxponential and
dependent on drug concentration and rate of
stimulations, The rate of recovery from use—depen-
dent depression also followed a single exponential time
course. CRL shifted the curve relating normalized
Vo 0 membrane polential in the hyperpolarizing
direction. The onset rate was 0.156+ 0.025 AP~

(RDB 50 %), and offset rate (t.) was 4.7+ 0.9 5. These
suggest that CRL belongs to class [, anti—

Received 1989 Jun 30 Accepted 1990 Mar 01

arthythmic drugs.

KEY WORDS changrolin; quinazolines; microelec—
trodes; action potcntials; papillary muscles;
anti—arrhythmia agents

BE REAMBREKANICENEFITRIERRE
HAR, BT FWHCRLMFRA CEH LRI
FRNFHEARBEREN, NEN. ZFRE
B, CRL &t V. FEER R W EN B E K
¥; %4 CRL 40 umol /L, WHEHE N 2 Hz, RDB
X 50 %et, BEEEN 01561 0025AP', 4 CRL
40 ymol / L W}, PXKH &N 4.7£0.9s, i#/R CRL W
FI, 5P CREEH.

KA R mERRMS R ShER FLk
RAL HALHEEE

H ES M (changroling, CRLYR — #H =i
DHREHE. LEF Y 4-{3, 5N 8
ot BEY B Bk |—4'— E2 3 e B T DAORE i R B
%0, BW—MIAY CRLR I (403K %
75, BT T4 MR, IO HE
ERRAERENETE MRS, Mit, T
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v s

R i Fe GIRA R e TR E (RISl - 5 o g
HEH A, 4 T CRL s ol a7O0F 3 R AR AL
AR LG Ve, T B FDL 1 KETEA], BA
BT CRL DL A& A9 Ml A IS %
HAHLUBREEHPHNE.

MATERIALS AND METHODS

BREAE 325 +SD 49 g T 2 AE &
BB S G, AR RN ER E
FRALA, FI& 95 %0,+5%C0O, W& KM
# 7ml/ min, B 35T, pH 74, IEHR
%1 2.5ml.

AR — XA v R R . R
MY AR FE Sz Tt i -F 3 % RF(SEN-T105)
BT EWEMT R, B I1ms, RERER
MEBEEMN 15, 3|2k LFAME KClLI
mol/L MEBRKDBLE, BBRLERER
<10um, HEH K &—15MQ. .0 U4 B AY o fiz
wik #2855 A M B R K
{(MEZ-T101), R4 I BT T LD —%
8 Vl{Applell ), W3R ENER AR B &
8hit/ms) X HEAH BB MR (REHEFE 8
vit /16 us); H—REEWL F 5 8(BIM - 1 )4k
EITEEREN, RS R LERREE Y
HER R 8 bit/ 16 us).

CRL % v, FEREfER

1 CRL 5 V. o7 8B G i FLAF 4 A

S BIE T 05,1, 2 4 Hz 4 #5815 Wl
W, MEE CRL IO vV, A%k QAR
M (-esting block, RB) 15 4 & £ B 51 1F
fA(r.te—dependeni block, RDB)*,

2 CRL¥ V,, fR#GHH g Re0%4

fFHREY | Hz (9 20 T EESEHIB T, 238
¥ A~ {7} &F 5F- [5] FA(dastolic intervai fi) B i 38
@, ORI ATRTEN AP FHERE

EERME. FiUBO YA -

AP ] APDy, BB RIS FR 0 AP FHER
AU ER 1 Y I )

3 CRL 3 v, & AR

Ll 2 beats / min 8RR S br A, o o 9 R

HREXREN KCI1-2mmol /L, SR EEH

fr B (AW /), YR frk-65mV £4

BF 2k in KCL BWIMA KCLGE8E 7 min

FFERICR, MBAE R BRI F CRL A V,,,
igh:2L I

MEELE FFAERBHEW FITAN
{Apple )4l ¥, 4511 =F o 7 R A &% (F 28 41
S R o (AT Cds I IR SR o )

1 s Vo, 94 B4 it v,
MG FE

B RAFE) =[1-V,, BB AL
7 Vol BB, AZHED] % 100%

BEN Vo A& (%)=[1-V,,8)/
Ve D] 100%

Voaa(s5HF 22 & (steady state)it B9 v,
Vo DIEE—T AP B Vo,

? CRLH Vv, MFHEHAEESH
F (kinetics of onset and recovery)%- 8f & 4>
#f CRL %} v, BHE0YIS 3 3h e se mat,
B EEERE™EMN v, BIEES AP
FRAL B WIS TS, TN Y=A
eap {—n/ ). 1/ 1, R E1 3 % {onsel rate).
BETHE(NMITE: BENE Ve, REES
Voue TR —FN V RXUX—EHN v,
HFEUE - Vo IBNEE. #4047 CRL
v, BMEEENEAERE, #EIE
YTV mas{test) / Voo (first)] A5 &F 5 (8] B (0) 2 W] B9
XEUPHBMABITHES, PR Y=A
exp(—t/tHB . BV . BEHEEHEIEN
b [ %

3 CRL 2 V_,, o ©/R4E M FEFE R
S ERER SRAITTHREAT, FEN
Voaltesty / Vo first) =1 / [I+exp(V — V4, / sl
Voutes) B 00 KCl G S BB AW T M
Vose: Vet st} E# BB L T8 Vo oVa
KURB ValtesOR BT B0,V R Vi
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FRFEIR A Ve 2600 B S AK
¥, eE iR p ¥

#H CRLILBE AWM o
B, SRR RBMEE, ¥ CRL WA MM
., HEIE R E 30 min FRIDH.

RESVULTS

CRL %} v, IR MEMES CRL U
BILCNMABEMBGT=LENTE — T AP H)
Voo FATRIEAF VB RHEE. FLREKT
CRL 10, 20, 40 ymol / L %t v, At & pH
YeRi(n=7), B Vo H3ITE29V /5, &t
CRL 10 umol/L Ji, Vy,, FBE 307+
28V /s, 5XtFEA L P>0.05. CRL A
E| 20 0 40umol / L J5, V. 5+ S FEFE| 298
+ 30 A1 294131V /s, XML P<0.035,
FOHEM R 642 1.8% 1 7.9+ 2.6%.

PINRE CRL IS V,.. BN
R RHES Vv, U RR REW v, A
4 VE 11T Bl o T R T R S L M CRL
FERI R IX PR by 3 #8 w B, iR B CRL &} v,
F7 REL #4571 JT) ol P R () IS A T 2005 4 RT
B, - WHAE A, RN vy, WHEW
YEFR BE CRL 7 B8 Mg ¥(Tab 1).

Tab 1. Efiect of stimulation fr;qulcy on changrolin
(CRL) ‘ndaced block of meximal upstroke reloeity
{ ‘muz] @i steady state level. Valwes were block of

V%) a=7 % 1 SD. """P<00! vs comtrel
*2>0.05, ""P<0.05 ""P<0401vs 0.3 He,

Fr.qucncy Changrolin {(amols L)
H ) qu!:tljgl ﬂ__-lq o 720 4
3124 1326 231+9°°7 3829t
1 40125 1629 29+ 10,7 43=11))"
2 70+30 21197 3srioll soxn'y

10040 2797 39+10;) 58=x12.7;

CRL X V,,, BFISAR &M E R HE3)
NERRE 5550040 M gk g R o
VLAPM VL IEM TR BABTIES
KT fT R v MR RIKESLEME. CRLU X
P TR KEMERARABEE XA

-~ 319 -

15-20 T ah i fii. /£ CRL EMF, £k
GHEBR, Voo BEIE TR AT SRR
k. EF—RBBORT, V,,, BENEE
* i CRL # M m i 8 X, CRL20, 40
pmol /L YER'F, Voo, BHEAF S R B
R MR /M(Tab 2).

Tab 2. Oaset rate for the rete—dependent block of
Vewe By CRL (AP Y. n=6, £ % SD. ‘P>005
**P<0.05, "*"P<0.01 vs CRL 10 ymol/ L; P>
0.05, "P<0.05, " P<0.01 v 0.5 Ha

Frequency Chengrolin {umol /L)
(Hz) 10 20 40

0.5 0.120£0030 0.15410025° 0.150 £0.050°""
I 0.120%0030° 0.142£0.023], 0.17010.0407""
2 0120£0030° 0.13210019], 0.157+0.027"
4 0.11710014° 0.12320.019;,0.150 £0.034";

CRL 3 V,, (505 4 i 4 BE 8 F e & it
ENEM S TCRLA, APM vV, HEEE
B AR, SFicBIBY 100 ms BF, Vo,
EES, 1,<100ms. ¥ CRL 40 gmol /L
ARG, Va,, AFAEKENENSEE. HF
TS BME, irg PEEA )
0.01, 7, 4 4.7+ 039s, n=6.

CRL Xf VW8 EEHERFEEA

CRL 10 ymol ~ 1. Al @ ¥ &0 v, ,, S#F
LR () 2 i X A& (Fig 1), Y ATHEH G, T
BN Ve X, S 8/ {Tab 3), #£" CRL
B Voas M) BE M 6 5T B8 BEER 37 F RR(I /)
i, BN EKIERREN.

Tab 3, Effect of CRL 10 ymol / L on rclationship be-

tween resting membrane poteatiels and V., n#=35,
X £SD, ‘P>005 "'P<0.05 vs coatrol.

3 o Control L CR L__ 3
Ve (m¥) 66,700+ 1.10% =70.000 = 3.0V *
s 4 800 + 0.400 4.200 £ 0.500°7
CC G987 + (LOID 0.985 + 0.007 *
CI 0997 +0 003 09891 G007

Vo= th: memorane potential at which ¥, 15 30%
of its peak value, 3 = the slope factor, CC = correla-
lion co=fTicient of fitting equation, CI = correlation
index of fitting equatcion.
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Fig 1. Effect of CRL on relationship between resting
membrane potentials and V_... Values were ob-
talsed before (O) and after application of CRL
10zmol / L (). A) Actual data from a representa-
tve experiment (M 3 cell), B) Notmalzed data from
panel A obtained by taking the values of ¥V for each

resting membrane potential and dlviding it by the value
of V_,. observed at first restlmg potential. Lines are
best Mt to the equation: V_,, (test)/ } . . (first)=
1/ [t+exp{V V) / 8]

DISCUSSION

FEWFFT 2543t L JILH RS 4 B 4 1 S 4L B
Bf, HEL V. FER 84 23080 L o T F
BHEE. CRL 4 Vg, S5 RKEH AR E R
BIXHROBREENEEHEZ —, RBLT
A OIGGEE 2 R R, ALRE
B CRL 3 v, R A H B HEH
£, EHit, FlERER CRLEEE#ES
A P-4 i QA A AR

Rt Ve FEERRE MM R RS 1
A MR B TR A IR, FRRITEARZEY
BEAIRKE ERKENBECY, TEZHYH
SFRAPAFTBBESEOERW. ks,
28 CRL WS EMME ARE S, &

Bl CRL J&F I LR ¥ 25,

%t CRL )0 JL 40 e, AR R E REHE R T
KMTRAFTHRIFEEKAY. CRL 3t v,
A MBI RS HEER. fIEERE
i PR PR A, R A S B R O R R AT AR
THEREACHEYE, RERFTEHBERIRNS
EBR . AN LA D e R
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Protective effects of nicorandil om lipid
peroxidation in ischemic and reperfused
myocardium of rabbits

ZHANG Ying—Min, ZHAQ De-Hua, SHENG
Bao~Heng (Department of Pharmacology, Fourth M-
iary Medical University, Xi—an 710032, China)

ABSTRACT The experiments of recirculating blood
perfusion device showed that nicorandil (Nic) 0.15
mmol /L significantly decreased the content of
malondialdebyde (MDA), iohibited the release of
creatine kinase {CK), counteracted the increase of
coronary vascular resistance (CR), and abolished the
reperfusion—induced arrhythmias in isolated rabbit
hearts during ischemia and reperfusion. The results in-
dicate that Nic has protective effects on myocardial
ischemic and reperfused damage, which may relate to
the prevention of lipid peroxidation.

KEY WORDS nicorandil; myocardial reperfusion
injury; liptd peroxidation; malondialdchyde; creatine
kinase; vascular resistance; arrhythmia

NE FHRAREREERXRERS, BTN
(Nic)0.15 mmol / L 813 B 5 I {5 ¢ H e Lok e PR M B
WA MDA X I W ULR ¥R (COR
B O R AT R R MBL A (CRM I R
AREFENELCREBER. BA Nic X4 Uik 0 5
R A RIER, HAER LR RS Bk oL AL
xR,

XM RITHR; CUFRERS IRET R
WoR: iR maELN, k¥

JB. ] H#i /R (nicorandit, Nic)& s K3 7 L
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KWL, 1977 FHEN KSR, Bi(L2N
HFAERLBECHREERND, XTHES
HE#HREBEXRD. 65k, FFHRH
B, CHBtm ARG SEAHBERERX, W
FHENIEMREEREANEBNIERTE
.3, Nic x-LULsR o PR ERGH R
B, KRS a3 EmE g &Rl ER
PRt E Ak, M RAITRRE, 3= ATEAR
i 0 O R SO, AR Nic X0 ki
FRERGNER, FRGHAERNA.

MATERIALS AND METHODS

B NicRBEREEHIUHRKS
W, AABEHRARE 5% FESH.

AEHR A B A OE PR 0 3 Tk
., RO E”E RDB- IREERRE Y
BAEHK, HE I mm NEXENHIEES,
AL/ NS RRESE CARE
. H¥. FH. DmEIREORE. HER
HEK™ WC/ 0905 BigtiaEE, FM=s
ERERVEFNWERHER A, NTHHON
KOHDEN W34 ®igR{}.

HERAUMBERSE SHRI14°, &
BT 20 + SD 0.2 kg 3% /B B H 2 #
2mg / kg A WAL 10 mg / kg iv BB, FFR
Smg/kgivind, Ymin ST, REW
.0 4%, BrA 4T Ringer ¥ P28k, H E3h K
LRI m R L. A Ringer ¥
Iml F (YA RT SOm FAEFFHEE. DA
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