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Prophylactic effects of na-nholdipine and nisoldipine on 
reperfusion arrhythmias exacerbated by free radid 
generating system in Iangendorff heert of rat 

Li Yu-tong, FU Shao-Xuan, LI Yun-Shan 
(Departnaent o j Phrmacofogy , Hcbsi Medical ColEsge, Shfii~zhuang 05001?, China] 

ABSTRACT Xanthinexanthine oxidme (X- 
XOD, 500 wmoIjL + 100 nrnol/L) free radical 
generating system was perf used 10 min prior to 
coronary artery ligation untlI the end of thc 
experiment. It exacerbated the reperfusion vm- 
tricular fibrillation, reduced the activities of 
superoxide d h t a s e  arad catalase and Lncreaded 
the contents of malondialdehyde in Langendorff 
heart of rats. nr-Wdipinc or nkildipine (0.05 
pmol/L) was perfwed 10 min prior to  ,coronary' 
artery ligation until the end of the experiment. 
They prevented xeperEusion arrhythmias exaccr- 
bated by X-XOD and demeasrd the tree radicals 
gcn~ated by X-XOD- 
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It has been suggested recently that re- 
gional rtperftlsion after only a few minutes 
of ischemia resulted from the ligation of 
left anterior dewnding coronary artery in 
heart of rats can induce reperfusion arrhy- 
thmia and free radical formation, and rn- 
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nisoldipint {m-Ni8) or niddipim IN 
prevents reperfusion arrhythmias and in 
bits free radical formation in heart ofratsc 
Xanthine-xanthine oxidase ( X-XOD) p 
way war an h p m n t  source of 
peroxide radicd upon reptrf usion 'I. 

may be converted to the more reactive 
droxyl radical and then to other free 
cur species'". Thus, these free radicds 
cause membrane damge leading lo 1 
elecuophysioiqical derangements that I 
serious ventricular arrhythmfast4). 
it hamat yet been reported that 
utrhythmia in rats are exacerb 
XOD and calcium antagonists prevent 
regerfwion w h y  thmias. 

In order to further research t 

tLns d calcium antagonists, free r 
and reptrfusion arrhythmias, the 
sion-arrhythmqcnic effects of t 

icals resulted from t l e  addition of X- 
to the perfusion fluid and propbylac 
iccts af m-Nis and NL on reped 
rhythmias exacerbated by X-XOD 
cal gcnezating system h LrtagendorPf 
of rats were investigated in this pa 



MATPIRIALS AND METHODS 

Preparation of experimental 1-la- 
-eperfusion arrhythmb in L m n ~ o r f f  
heart of xats 86 Spmgu+DawIey malt rnto 
weighing 274 -1- SD 43'8 were u h t ~ y  m- 
wthctized with iv d i u m  pentobarbital 
30mg/kg and their herrrte were removed 
aher iv heparin 200 IU. The hems wtre 
Immediately arrested by immersion in ice- 
cold improved ~ r e b s - ~ e m d c i t  solution 
(K-HI. Langendorff hearts of mts were 
prepared. Improved K-H solution aerated 
with 95% 0 , + 5 %  CO, and maintained at 
37C, pH 7.4, was used for perfurton. A 
cwstant perfusion prc~~ure was 9.8 kPa. 
The concentration of Kt has an important 
mk in the genesis of reperfusion arrhyth- 
otirs in Langendorff heart of ratsis). There- 
bm, in this experiment. the contxatra- 
ion of K+ in improved K-H solution was 
',5 mmol/L which reduced t h  incidence 

oi reperfusion arrhythmias in Langendorff 
heart of rats. This was benificlll to invca- 
tigate the reperfusion arrhy thmogenic effects 
of free radicals resulted from X-XOD 
h e  radical generating system. The model 
oi rcperfuJon arrhythmias were eatablkhed 
d i n g  to our previous report (coronary. 
artery ligation for 15 min followed by re- 
perfusion for 1 rnin)(''. The epiclrrdiogrm 
was recorded by imrting a thin rtrinless 
-1 '(R~E into the my-rdium of the rlght 
ventricular £rec wall as the one electrode 
a d  attaching the other to the root of 
aorta. 

At the end of experiment, the left dcs- 
d i n g  coronary artery was ligated again 
at the original ligating site. and tht dilute 
carbon ink was inkctcd via norta In order 
to estimate the weight of ischemic mymar- 
durn (nonstalned)/total weight of the left 
veatiiele(''. Any heart in which this radio 
was leas than 30% or more than 50% was 
diimded. . 

Perfused hearts were divided into 9 
p m p s :  A)  control; B) X (lOpnol/L); 

C) X-XOD ( 10 pmol/L + 1 nmol/L); D) 
X-XOD ( 100 pmol/L -I- 10 nmol/L); E) 
X-XOD (500~mol /L + l oo  nmol/L): F) 
X-boiled XOD (500 pmol/L + 100 nmol/ 
L1: GI group E +*Nir (O.OS~rnol/L)r 
H) group E + Nfr (0.05 wmol/L); I) 
group B t Nif (O.OSprnol/L). XOD war 
rddcd just befofe perfurnion with thc im- 
p r w d  K-H ~olution. 

Measurement of supef&da dismutam 
(SOD), eatalase (CAT) and malondialde- 
hyde (MDA) After xcperfusion for 1 min. 
reperfused area (R area) and normal area 
(N area) oi mymxrdium were obtained. The 
activities of SOD and CAT were mtasured 
acmrdIog to the colorimetric method oi ni- 
tro blue tetrazo11umc7' and the i m e  
ultraviolet colorirne t ric method(8) 
tively. The content9 of MDA were mururtd 
according to the colorimetric method of 
thioberbituric acid!'). Protein determination 
was performed by the colorimetric method 
of phenol ~eagcnt('~). 

Drug NMipine (NU), the pMduct 
of the Shanghai 17 th Pharmaceuticd Fa* 
tory, m-Nis and Nis whbh weto -obtained 
from Department of Organic Chemistry, 
Hcbci Medical College wen dissolved amr-  
ding to our previous report('''. X war the 
product of Sigma Chemical Co. XOD was 
obtained from Shanghai ,Institute of Bi* 
chemistry, Qlinea Academy of Scitnccs 
(%tch Elb 8610306)* 

Effects of X-XOD fm W - 1  wt- 

ltting sy~tem on rqmfusim arrhythmlan, 
activltiea of SOD and CAT, nnd contents 
of M M  Results were a w n  in Tab 1 
and 2. X or di£Fertnt canccntrations of 
X-XOD Coinpounds were added to the per- 
fused solution remctively 10 mln prior to 
cotonary artery ligation until t k  end d 
the experiment In exptimtntal group. 
Fcrfuaion with X { 10 pmol/L) alone or 
X-XQD (10 )unol/L + 1 nmol/L) neither 



Twb 1. m- rCkeh oL xulhlae-rmatlhe olddm (X-XODI ud m r o s h w  dfatr .I 
M u m  (dl 10 d n  prkr to m y  arlery lkmlion mlil the end of Ihr .rp.ri 
-1 on e a h b l d n c d  urbr* roanltod Imn ammm a r b x  Wtion for i 5  h LoIhwd 1* 

8w I rla la UWUM - oi WS. S;~SD. "P>O.05. -P<O.M. ***~<0.01 7 
c d m l ,  tPM.05, t+P<O.OS, l*tP<O.U vr X.JIW) f50D+0.1 rdF). 

infieaged the incidence of the rcprfualon 
ventricular fibrillation ( VF), nor shorttnad 
the nmet of reperfusion W and a h  Ittlgth- 
antd the duration of reperfusion VF. 
Rrftislion with X-XDD (100 W j L  + 10 
nmol/t). &oxtend the onrt of 
VF Ody. but perfusIon With X-XOD (500 
-l/L + 100 -l/L) markedly tkvatad 
tbo Inddmct of repelfwirm VF. # h o d  
t& o w t  af r e p e h s i m  VP. and kngfhcd 
tb duration oi repcriusion m. Fcrfdon 
wdth X-cd XOD (500 ~ 0 l / L  + 100 
&/I,) had no e m x .  

fn coatrd g m p .  the sctivitiw d 
SOD and CAT in R area of myocardium 
mfc loam than that in N m a  d 
dium. th m u e m s  of MXlA in R area .i 
myfflidlnm were h l & k  than that la N 
n r ~  oi mymuditlm. In dl group of X- 
mwJ. tk retlath Of SOD and CAT in R 
area oi m e -  wtre lower tbrm tbat 
in N arm ai -. the cantentg of 
M I X  in R . a ~ l  oP m m d i u m  wcre high- 
er rlun t b t  in N nnm oi myocardium. 
In two mpl ot X-XOD (100 ~ m o l / L  .t 
10 nmol/L) and X-boiled XOD ( 5130 pmol/ 
t + 100 nmol/L}, th motivitier of SOD 

and CAT and tbe contents of MDA in R 
or N atra al myocardium weren't 
cantly d l k n t  t m  tbat in amtmlgmupr 
but in #mag ot X-XOD (600 -1/L + 
100 nmol/L~. the saivitks af SOD and 
CAT lo R or N am or myocardium 
wcfc b m r  than that in control gmw 
irmarkablely (Tab 2). 

EIMa of m-Nh, Nia m d  NU m 
mpfurlca m h y t t d a  eracwhttd by 
Wiul gmwatimg syWm and kw mlhn 
The raeults were Bhown in Tab 1 and 2. 
h X-Xm (500 ~ 0 l / L  + 100 m~lfi) 
m p ,  i s  mt  OI 14 hsart or (*a%) 
txhlbitsd thc rcphdon VFI t k  onet 1n4 . 
duration of rrpe&8lon VF wen? 18 k 10 
and 34 f 17 r ,  rtupectiveiy. Perfumfon with 
0.05 pmol/L of k N l r  or mNi~ (perfuacd 
10 mln prior to coronary artery liptioq 
until the end of the experiment) red- 
the inddencc of reperfullon VP a l ~ ~ -  
ly, shortened the duration of re 

don VR Induce 

erating system. 
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T& 2. mtects ot X-XOD and Wclum .ot.wdsls (.U p e ~ u e d  10 min pdor to mmnar~  arterr 
l l ~ ~ i o n  uotU the end at the expadmtlj an the arllvitls8 of ~ u ~ r a x l d e  dismutaae. rat.lase rind the 
mmlmts of malondialdchyde of norm1 .n. tN) 0. n W u r d  .ru tR)  of n W u &  anhythnir bearts 
r ~ l U d  from romnry m u y  l i p t b n  for 15 min lollowed by repcrfu~ion for 1 min in Lanpendorff heart 
01 rats. n = 9 ereapt X-XOD (500 +0.1 plol/L) w u p  (o = 14) .  f+SD. 'P>0.05. ..P<o.os, 
"'P<0.01 vs N~'P>0.05. "'P<0.01 vr m m l r  TP>O.OS, ttP<O.05, tttP<O.Ol vs X-XOD (5001 
0.1 ~ m o l / l ) ~  PP>O.OS,55P<0.05, §§SP<O.Ol vs m-milodl~ine~ "P<O.05, "'"P<0.01 vr nlmdipin.. 
rn P."arl." "em m.lund ia Ib b a r n . *  01 th I , w . . d i U I .  

Supcmide dirmuule Catskac M.londlaldchyde 
EnwtwmdiL) <IUims pmtcm) (nmoL/ml pmtcin.min1 (mol/m& protein) 

N R N R N R 
.- 

Qolml 112213 982 11" 843247 782f 88" 0.30k0.02 0.38+0.10'.' 

In m-Nir and Nil group. the diffef 
e m  between the activities af SOD and 
CAT and the contents of MDA in R arc* 
and N am of myocardium lercnlt signif- 
rant (P>0.05)- but in m-Nis and Ni l  
groups, the activities of SOD and CAT in 
R or N a m  of myaoalium wcn h i g k r  
aod the eontents of MDA in R or N area 
a m y m s r a u m  were lower than that in 
X-XOD (so0 vmol/L + 100 nmol/L) 
youp. In Nil group. the activities of SOD 
and CAT in R area wers markedly lower 
and the -tents ef MDA in R a- %re 
highrr than that in N area of mywardium. 
The% was no significant differrnce between 
the s t i v i t i s  of SOD and CAT and the 
contents of MDA in  R or N area 01 Nif 
group and that of X-XOD (500 ilmol/L + 
loo nmol/L) group. Thc effects of m-Nio 
on the activities of SOD and CAT and the 
contents of MDA in myocardium were the 

umc as that of Nit (P>0.05); but in 
Nif gmup t h  activities of SOD and CAT 
in R or N arcs were l m r  and the eon- 
tents of MDA in R or N an. were h i g h  
than thal in m-Nil or Nir ~ m u p  (P<0 .05  
or 0.01). 

DISCUSSION 

The changes d the aetiviticr d SOD 
and CAT and the contents of MDA reflect 
indirectly the amounts of free ndieal far- 
mationla). T h ,  in highrr conerntration of 
X-XOD (500 rmol/L t l o o  nmol/L) 
Emup thc amounts sf free radical f o m t i o n  
were lughex than other gtoula. Perhuion 
with X-boil4 XOD (500 ilmol/L + 100 
nmol/L), the amounts of free radical forma- 
tion did not inems becauo h i i  inactivated 
XOD. Perfusion with lower ooneentration 
of X-XOD ( l o o  lunol/L + l o  nmol/L) 




