
Free Rad. Res., Vol. 27(4), pp. 389-396 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1997 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license in 

The Netherlands under the Harwood 
Academic Publishers imprint, part of 

The Gordon and Breach Science Publishers Group 
Printed in Malaysia 

Protective Effect of ACE Inhibitors on Ischernia- 
Reperfusion-induced Arrhythmias in Rats: Is this 
Effect Related to the Free Radical Scavenging Action 
of these Drugs? 
MUSTAFA BIRINCIOGLU, TIJEN AKSOY, ERCUMENT OLMEZ* and AHMET ACET 

Department of Pharmacology, Faculty of Medicine, lnonii University, 44069 Malatya, Turkey 

Accepted by Prof. M. B. Grisham 

(Received 30 March 1997; In revised form 6 June 1997) 

The antiarrhythmic effects of captopril, a sulphydryl- 
containing angiotensin converting enzyme (ACE) 
inhibitor, were compared with those of the non- 
sulphydryl-containing ACE inhibitor lisinopril and the 
sulphydryl-containing agent glutathione in an in vivo 
rat model of coronary artery ligation. To produce 
arrhythmia, the left main coronary artery was occluded 
for 7 min, followed by 7 min of reperfusion. Captopril 
(3 mg kg-') and lisinopril (0.1,0.3 or 1 mg kg-') caused 
marked decreases in mean arterial blood pressure (BP) 
and heart rate, whereas glutathione (5 mg kg-') had no 
effect on them. The incidence of ventricular tachycardia 
(VT) on ischemia and reperfusion was significantly 
reduced by captopril and lisinopril. Captopril and 
1 mg kg-I lisinopril also significantly decreased the 
number of VEB during occlusion and the duration of 
VT on reperfusion, respectively. These drugs also 
attenuated the incidence of reversible ventricular fibril- 
lation (VF) and the number of ventricular ectopic beats 
(VEB) during reperfusion. However, glutathione only 
reduced the incidence of VT on reperfusion, signifi- 
cantly. These results suggest that, in this experimental 
model, ACE inhibitors limit the arrhythmias following 
ischemia-reperfusion and free radical scavenging 
action of these drugs does not have a major contribu- 
tory role in their protective effect. 

Keywords: ACE inhibition, reperfusion arrhythmias, free 
radicals, Rat heart 

INTRODUCTION 

Life-threatening ventricular arrhythmias are 
known to occur on restoration of coronary flow 
after a period of myocardial ischemia.[*] Anti- 
arrhythmic effects of calcium antagonists, Class I 
antiarrhythmics, beta-blocking agents and free 
radical scavengers (e.g. sulphydryl-containing 
agents) have been demonstrated in many reper- 
fusion s t~dies . [~ ,~]  In addition, these arrhythmias 
were also shown to be attenuated by ACE 
inhibitors in dogs in v i ~ o , [ ~ ]  in isolated rat 
hear t~[~-~l  and in humans.[g-lO1 On the other hand, 
the different findings (i.e. effectiveness of a drug) 
obtained from ischemia-reperfusion studies have 
been reported, and factors such as species and 
even strain differences, in vitro versus in vivo 
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models and the choice of anaesthetic agents 
may be important in explaining these discre- 
pancies.[2,11J2] Recently, we demonstrated that 
captopril, a sulphydryl-containing ACE inhibi- 
tor, possessed similar protective effect against 
ischemia-reperfusion-induced arrhythmias in vivo 
in rats.[13] Free radical scavenging action of this 
drug had also been shown, previ~usly."~~ 

The aim of this study was to evaluate whether 
this protective effect of captopril was due to 
its free radical scavenging action. To examine this 
possibility, the effects of captopril on these 
arrhythmias were compared with those of the non- 
sulphydryl-containing ACE inhibitor lisinopril 
and the sulphydryl-containing agent glutathione. 

MATERIALS AND METHODS 

Male Wistar rats weighing 250-350 g were anaes- 
thetised with urethane 1.2-1.4 g kg-' adminis- 
tered intraperitoneally (i.p.). The jugular vein 
and the trachea were cannulated for drug admin- 
istration and artificial respiration. Systemic blood 
pressure (BP) was monitored from the carotid 
artery by a Harvard model 50-8952 transducer 
and displayed on a Harvard Universal pen- 
recorder together with a standard lead-1 ECG. 

The chest was opened by a left thoracotomy, fol- 
lowed by sectioning the fourth and fifth ribs, about 
2 mm to the left of the sternum. Positivepressure 
artificial respiration was started immediately with 
room air, using a volume of 1.5 m1/100 g body 
weight at a rate 60 strokes/min to maintain normal 
K O 2  PO2 and pH parameters. 

After the pericardium was incised, the heart 
was exteriorized by a gentle pressure on the right 
side of the rib cage. A 6/0 silk suture attached to 
a 10-mm micropoint reverse-cutting needle was 
quickly placed under the left main coronary 
artery. The heart was then carefully replaced in 
the chest, and the animal was allowed to recover 
for 20 min. Any animal in which this procedure 
produced arrhythmias or a sustained decrease in 
BP to less than 70 mrn Hg was discarded. 

A small plastic snare was threaded through the 
ligature and placed in contact with the heart. The 
artery could then be occluded by applying ten- 
sion to the ligature, and reperfusion was 
achieved by releasing the tension. 

Drug Administration 

Captopril (Sigma, USA; 3 mg kg-') and lisinopril 
(kindly provided by Eczacibasi, Turkey; 0.1, 0.3 
or 1 mg kg-') were administered by intravenous 
(i.v.) injection 10 min before occlusion. Glu- 
tathione (Sigma, USA; 5 mg kg-l) was given 
intravenously just before reperfusion. Control 
animals received an equal volume (1 ml kg-l) 
saline (0.09% NaCl wt/vol). Animals were ran- 
domly allocated to control (n = 25) or each drug 
treatment group (n = 15 in each group). 

Evaluation on Arrhythmias 

The artery was occluded for 7 min and then 
reperfused for 7 min more before the experiment 
was terminated. These durations of ischemia and 
reperfusion were previously used in the same 
experimental model successfully['31 and it was 
reported that this protocol produced ectopic 
activity in optimum number and severity.['] ECG 
changes, BP, and heart rate (HR) were measured 
before and during the occlusion-reperfusion 
period. 

Ventricular ectopic activity was assessed 
according to the diagnostic criteria advocated in 
the Lambeth Conventions.["] The number of ven- 
tricular ectopic beats (VEB), the durations of ven- 
tricular tachycardia (VT) and ventricular 
fibrillation (VF) and the incidence of VT only in 
survivors were determined together with the 
incidences of reversible and irreversible VF. 

Inclusion of data (i.e. the duration of VT or VF) 
only from survivors and the low incidence of 
VT/VF during occlusion period resulted in a dra- 
matic reduction of the number of observations. 
When only one datum point was present, no sta- 
tistical analysis were performed, the datum was 
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presented with no transformation, and no stan- 
dart error was indicated. 

0.05), 13.3% (p < 0.05), 13.3% (p < 0.05), 20% (NS), 
and 40% (NS) in groups treated with captopril 
(3 mg kg-l), 0.1, 0.3 and 1 mg kg-' lisinopril, and 

Statistics 
- -  - -  

glutathione (5 mg kg-l), respectively (Fig.1). 
During occlusion period, irreversible VF and 

Data are expressed as arithmetic means f SEM of 
the number (n) of experiments; when p < 0.05, the 
difference was considered to be statistically sign& 

mortality were not observed in any of the ani- 
mals. Reversible VF occurred in one animal of 
each control, 0.3 mg kg-I lisinopril and glu- 

icant. Differences in the incidences of arrhythmias 
were analysed by using Fisher's exact test. Group 
means were compared by Mann-Whitney U test. 
HR and BP values were analysed by repeated 
measures analysis of variance (ANOVA), and 
where F values permitted further analysis, indi- 
vidual treatment means were compared with 
respective control values by unpaired t-test. 

RESULTS 

Effects of the Drugs on Coronary Artery 
Occlusion and Reperfusion-induced 
Arrhythmias 

After coronary artery occlusion, all animals 
exhibited cardiac arrhythmias, which occurred as 
ventricular ectopic beats, VT (defined as a run of 
four or more ectopic beats), or VF. In some ani- 
mals, atrioventricular (A-V) block also occurred. 

The incidence of occlusion-induced VT was 
reduced from 44% in control group to 6.7% (p < 

tathione groups (Fig.2). Although captopril and 
lisinopril caused a marked reduction in the num- 
ber of VEB (70.8 f 25.5 in control group versus 
14.3 + 2.6, 28.9 f 12, 18.6 f 5.1, 22.6 f 4.1, and 
56.8 k 26.9 in the same respective groups of cap- 
topril, lisinopril at doses of 0.1,0.3 and 1 mg kg-l, 
and glutathione), only captopril group was found 
significantly different from the control (Fig.3). 

On subsequent reperfusion, VT developed in 
100% of controls versus 42.8% (p < 0.05), 66.6% 
(p < 0.05), 80% (NS), 57.1% (p < 0.05), and 66.6"/0 
(p < 0.05) of captopril, 0.1, 0.3 and 1 mg kg-' 
lisinopril, and glutathione-treated animals, 
respectively (Fig.1). Furthermore, lisinopril at 
dose of 1 mg kg-l significantly reduced the dura- 
tion of VT (Table I). 1 mg kg-' lisinopril and 
3 mg kg-' captopril also caused significant dec- 
reases in the incidence of reversible VF (Fig.2) 
and the number of VEB (Fig.3). 

4 of 25 (16%) control rats died due to the reper- 
fusion-induced irreversible VF. Captopril (6.7%) 
and lisinopril at doses of 0.3 (0%) and 1 (6.7%) 

100 
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L 
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0 

Occlusion Reperfusion 

0 Control 
Ei 3 mg/kg Captopril 
I 0.1 mg/kg Lisinopril 
Ei 0.3 mg/kg Lisinopril 

1 mg/kg Lisinopril 
E 5 mg/kg Glutathione 

(n= 12-25] 

FIGURE 1 Percentage incidence of ventricular tachycardia (VT) that occurred in occlusion or reperfusion period in surviving rats 
pretreated with salinc (control), captopril (3 mg kg-'), lisinopril (0.1, 0.3 and 1 mg k g l )  or glutathione (5 mg kg-'). "p < 0.05, significant 
difference from saline-treated group. 
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(n=l5-25) 
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FIGURE 2 Percentage incidence of reversible (rev) and irreversible (irrev) ventricular fibrillation (VF) that occurred in occlusion 
or reperfusion period in rats pretreated with saline (control), captopril (3 mg kg-'), lisinopril (0.1, 0.3 and 1 mg kg') or glutathione 
(5 mg kg-'). "p < 0.05, significant difference from saline-treated group. 

mg kg-' tended the reduce the incidence of irre- 
versible VF, but these changes did not reach 
statistical significance (Fig.2). 

Effects of the Drugs on Arterial BP and HR 

Figure 4 summarizes the data obtained on the 
effects of lisinopril (0.1, 0.3 and 1 mg kg-l) on 
mean arterial BP and HR before and after coro- 
nary artery occlusion and reperfusion. On 
shortly after the injection, lisinopril caused a sus- 
tained decrease of preocclusion values in the 

6oo 1 
400 

z 300 
m 

n 
5 

Y 200 

Occlusion 

arterial BP and HR. Captopril also decreased 
these values significantly, whereas glutathione 
had no significant effect on either HR or arterial 
BP (Data not shown). 

DISCUSSION 

We demonstrated that captopril and lisinopril 
attenuated the arrhythmias induced by coronary 
artery occlusion and reperfusion in anaesthetised 
rats. These ACE inhibitors reduced the incidence 

'""1 
0 

Reperfusion 

0 Control 
E2 3 mg/kg Captopril 
I 0.1 rng/kg Lisinopril 

0.3 mg/kg Lisinopril 
1 mg/kg Lisinopril 
5 mg/kg Glutathione 

(n=12-25) 

FIGURE 3 The numbers of ventricular ectopic beats (VEB) observed during occlusion or reperfusion period in surviving rats pretreated 
with saline (control), captopril(3 mg kg-I), lisinopril (0.1,0.3 and 1 mg kg') or glutathione (5 mg kg-'). *p < 0.05, significant difference 
from saline-treated group. 
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TABLE I The durations (sec) of ventricular tachycardia (VT) and ventricular fibrillation 
pretreated with saline (control), captopril (3 mg kg'), lisinopril (0.1, 0.3 and 1 mg kg-') or glutathione (5 mg kg-') 

in occlusion or reperfusion period in rats 

~ ~~ 

OCCLUSION REPERFUSION 

VT Duration VF Duration VT Duration VF Duration 

Control 10,73 5 4,57 (n = 11) 45.00 (n = 1) 42,57 5 7,81 (n = 21) 63.29 f 10.78 (11 = 14) 
Captopril3mgikg 0,50 (n = 1) - 15,75 f 5,55 (n = 6) 72.00 (n = 1) 

51.40 f 16.05 (n = 5) 
Lisinopril O.3mgikg 59.50 k 38.20 (n = 4) 
Lisinopril lmgikg 2,OO 5 0,58 (11 = 3) - 13,25 f 5,89" (n = 8) 4.50 (n = 1) 
Glutathione 5mgikg 79.00 f 14.99 (n = 7) 

*p < 0.05, significant difference from sahne-treated group 
n, refers to the number of observations. 

52,19 f 18,14 (n = 8) 
35,83 f 13,79 (n = 12) 

47,13 f 13,36 (n = 8) 

Lisinopril O.lmg/kg 9,50 f 3,50 (n = 2) - 

3,OO f 1 ,OO (n = 2) 

8,83 & 5,69 (n = 6) 

9.00 (n = 1) 

57.00 (n = 1) 

of VT on ischemia and reperfusion as well as the 
incidence of reversible VF and the number of 
VEB on reperfusion. 3 mg kg-' captopril and 1 mg 
kg-' lisinopril also significantly decreased the 
number of VEB during occlusion and the dura- 
tion of VT on reperfusion, respectively. Mortality 
resulted from irreversible VF on reperfusion and 
it was reduced by captopril and lisinopril. 
However, this effect was not statistically signifi- 
cant. Both captopril and lisinopril caused sus- 
tained decreases in arterial BP and HR, whereas 
glutathione did not change these values and 
modified only the incidence of reperfusion- 
induced VT, significantly. 

Consistent with our findings, protective effects 
of ACE inhibitors against reperfusion arrhyth- 
mias were shown in viv0['~1 and in v i t r 0 [ ~ ~ 1  in rats 
and in and humans[8-101 in vivo. 

Although cardioprotective effect of ACE 
inhibitors has been demonstrated on ischemia 
and reperfusion injury, their mechanism of 
action is not clear. In addition to the systemic 
hypotensive activity of ACE inhibitors which 
may provide cardiac preservation through after- 
load reduction, a local action that interrupts 
regional cardiac tissue renin-angiotensin system 
(RAS) may participate in the protective effects of 
these A recent study reported that 
increases in myocardial ACE activity and ACE 
mRNA levels occur after permanent coronary 
artery ligation in Paracrine and autocrine 

control of regional myocardial function and per- 
fusion has been previously suggested for hor- 
mones such as endothelium-dependent relaxing 
factor (EDRF), bradykinin, and the prostanoids, 
all factors that may interact with a local RAS to 
facilitate integrated cardiac regulation.[l7I 
Bradykinin is tightly linked to the RAS because 
the bradykinin degradative enzyme, kininase 11, 
has been determined to be identical to ACE.[''] 
Increases in bradykinin by ACE inhibition that 
stimulate EDRF or nitric oxide (NO) release and 
prostanoid production have been implicated as 
positive influences in reducing myocardial 
ischemia/reperfusion injury.[''] Vasodilatory 
activity of kinins and NO has already been impli- 
cated in the antihypertensive action of ACE 

Both EDRF and prostacyclin, 
directly or indirectly, can elicit coronary vasodi- 
latation and reduce platelet aggregation.[211 In 
isolated rat heart, captopril and ramiprilat each 
produced cardioprotection in ischemia that was 
abolished by the prosto-glandin synthesis 
inhibitor indomethacin.[22] In a similar prepara- 
tion, ramiprilat protected the heart against reper- 
fusion arrhythmias and reduced enzyme 
activities of lactate dehydrogenase and creatine 
kinase in the coronary effluent. This cardiopro- 
tective effects produced by both, ACE inhibitor 
and bradykinin, were completely abolished 
when the bradykinin antagonist was added to 
the perfusate, while a smaller inhibition was 
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FIGURE 4 Mean arterial blood pressure (mm Hg) (A) and heart rate (beats m i d )  (B) in rats pretreated with saline (open circles) 
or lisinoprilO.1 (solid circles), 0.3 (solid triangles) and 1 (open squares with broken line) mg kg-' before and after coronary artery 
occlusion and reperfusion. Drug or saline was injected intravenously at 0 min, occlusion was started at 10 min, and reperfusion was 
started at 17 min; n = 8-25, n refers to number of survivors which vaned at each time point. *p < 0.05 indicates a lisinopril-induced 
significant difference. 
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obtained by indomethacin perfusion.[6] ACE 
inhibitors were also shown to reduce myocardial 
necrosis associated with acute coronary occlu- 
sion-reperfusion by a bradykinin-dependent 
mechanism.[23] 

Increased endogenous catecholamine levels 
during and after myocardial ischemia worsen 
reperfusion injury by exacerbating arrhythmias, 
decreasing the cardiac supply/demand ratio, 
and increasing systemic vascular resistance to 
increase cardiac work further.[241 ACE inhibitors 
captopril, enalaprilat, and ramiprilat attenuate 
norepinephrine (NE) and creatine kinase release 
from globally ischemic, isolated hearts on reper- 
f ~ s i o n . ~ ~ ~ , ~ ~ ]  In intact anesthetized pigs, myocar- 
dial release of creatine kinase and NE were 
concomitantly decreased after ischemia/reperfu- 
sion by pretreatment with captopril.[26] These 
in uitro and in uiuo studies imply that ACE inhibi- 
tion may protect myocardial tissue by attenuat- 
ing adrenergic activity in it under conditions of 
ischemia/reperfusion. 

On the other hand, oxygen derived free radicals 
known to be produced during reperfusion after 
a short period of ischemia have been suggested 
to be responsible for ischemia-reperfusion injury, 
as Depletion of tissue glutathione content 
was also demonstrated during myocardial 
ischemia.[281 In addition, some studies showed 
that free radical scavengers such as sulphydryl- 
containing agents attenuated the reperfusion 
damage[27,291 In in nitro rat model, glutathione 
protected the heart against ischemia-reperfusion- 
induced arrhythmias in one but the 

Furthermore, in some s t~dies , [~’-~~]  
only the ACE inhibitors having sulphydryl 
residues possessed cardioprotective effect against 
ischemia-reperfusion injury, whereas in the other 
stUdies,[7,23,251 non-sulphydryl containing ACE in- 
hibitors were also found to be effective. These dis- 
crepancies may be due to the differences between 
models (eg. in nitro versus in vzuo) and the differ- 
ent experimental protocols. 

In this study, we demonstrated that captopril 
(a sulphydryl-containing ACE inhibitor) and 

lisinopril (a non-sulphydryl-containing ACE 
inhibitor) had similar protective effect against 
ischemia-reperfusion-induced arrhythmias but 
glutathione (a sulphydryl-containing agent) did 
not have a major influence on them. 

In conclusion, our data suggest that ACE 
inhibitors exert protective effect during myocar- 
dial ischemia and reperfusion by reducing seri- 
ous ventricular arrhythmias and this effect does 
not seem to be related their free radical scaveng- 
ing action but may be due in part to their marked 
hemodynamic effects. 
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