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The aim of the present study was to investigate the involvement of nitric
oxide and prostaglandin pathways in the cardioprotective actions mediated
by bradykinin via the combined inhibition of angiotensin converting enzyme
and aminopeptidase P in an in vivo rat model of acute ischemia (30 min) and
reperfusion (4 h). Myocardial infarction was produced by occlusion of the
left anterior descending coronary artery for 30 min followed by 4 h of reper-
fusion. Infarct size was measured by using the staining agent TTC (2,3,5-
triphenyl-tetrazolium chloride). Lipid peroxide levels in serum and in heart
tissue were estimated spectrophotometrically. A lead II ECG was monitored
at various intervals throughout the experiment. Infarct size expressed as per-
cent of left ventricle was found to be 50.5 ± 3.5 in control animals and was
reduced to 19.4 ± 1.1 and 15.0 ± 2.1 with the combined treatment of enala-
pril or lisinopril and 2-mercaptoethanol, respectively. There was no signifi-
cant difference in the infarct size of control animals and in the animals
treated with HOE140 prior to the combined treatment. Infarct size reduction
obtained with the combined inhibition with enalapril and 2-mercaptoethanol
or lisinopril and 2-mercaptoethanol was blocked partially but significantly
with the prior administration of L-NAME (N�-nitro-L-arginine methyl ester)
or aspirin, suggesting the involvement of both nitric oxide and prostaglandin
pathways in the cardioprotective actions mediated by bradykinin.
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Abbreviations: ACE – angiotensin converting
enzyme, APP – aminopeptidase P, ECG – electro-
cardiogram, L-NAME – N�-nitro-L-arginine me-
thyl ester, L-NNA – N�-nitro-L-arginine, MDA –
malondialdehyde, NOS – nitric oxide synthase,
TBA – thiobarbituric acid, TTC – 2,3,5-triphenyl-
tetrazolium chloride

INTRODUCTION

The major goal in the management of myocardial

infarction is to reduce post-myocardial infarction

complications and mortality by reversing myocar-

dial ischemia and limiting the infarct size. Myocar-

dial ischemia can occur due to abnormal narrowing

of the coronary arteries (coronary atherosclerosis)

prior to obstruction [42], cardiac hypertrophy [41],

circulatory shock [29] or diabetes [42]. The reduc-

tion in blood flow will result in an imbalance be-

tween the demand of the heart tissue for nutrients

(such as glucose and O2) and the blood supply to

the heart [66]. Prolonged ischemia will lead to poor

force generation, contracture, arrhythmia, calcium

overload, a decrease in tissue pH, release of cyto-

solic enzymes from cells and cellular necrosis [43].

Ischemic injury depends upon the length of ische-

mia [10]. The heart can recover gradually from

a short duration of ischemic (reversible ischemia),

but if ischemia persists for a longer period of time,

the chance for recovery will diminish (irreversible

ischemia) [10]. Reperfusion of the previously

ischemic myocardium, although essential for tissue

survival, results in increased necrosis and reduced

tissue viability [3]. Numerous mechanisms for the

increase in tissue injury after reperfusion have been

identified including the generation of oxygen deri-

ved free radicals, complement activation and infil-

tration of neutrophils into the ischemic zone [35,

36, 57].

Bradykinin is believed to be an important regu-

lator of renal and cardiovascular function as well as

a mediator of inflammatory reactions. Degradation

by kininases is known to play an important role in

regulating bradykinin levels and, thus, bradykinin-

mediated biological responses [8, 34, 40, 44, 56,

58, 61, 62]. In vitro bradykinin is susceptible to

degradation by a number of endo- and exopepti-

dases [15, 62]. Although many of these peptidases

are widely distributed in various tissues and cells of

the body, only a few have been identified as partici-

pating in the regulation of systemic bradykinin in

vivo. An important kininase in vivo is ACE (angio-

tensin converting enzyme) [16, 30, 31, 62]. The at-

tenuation of myocardial necrosis by several ACE

inhibitors has been demonstrated in a number of

experimental studies in vitro [37–39, 62] and in

vivo [52, 53, 64]. The two predominant kininases

found in the rat myocardium are ACE and APP

(aminopeptidase P) [12]. Hence, in rat myocardium

bradykinin is not only metabolized by ACE but

also by APP. A combination of inhibitors may pro-

vide protection superior to that given by a single

agent [25]. Our earlier studies indicated that degree

of cardioprotection obtained with the combined in-

hibition of both the enzymes ACE and APP was

more comparable to their individual inhibitions in

ischemia-reperfusion-induced myocardial infarction

and also suggested the involvement of bradykinin

in the cardioprotection offered by the combined in-

hibition [1, 4].
Bradykinin induces vasodilation via endothelial

bradykinin type 2 (B2) receptors. This effect can be

blocked partly by inhibitors of nitric oxide synthase

(NOS), suggesting a role for de-novo synthesis of

NO from L-arginine by NOS [9, 23, 45, 50, 55].

The relaxant effect of bradykinin that is not blocked

by NOS inhibitors is generally attributed to so-

called endothelium-derived hyperpolarizing fac-

tors, whose exact identity has not been established.

Several candidates have been proposed, including

prostacyclin, potassium and cytochrome P-450 pro-

ducts of arachidonic acid [13, 22, 46].
Stimulation of bradykinin B2 receptors results

in an enhanced formation of prostacyclin and NO

in cultured human and bovine endothelial cells [39,

65]. Both prostaglandins [18, 19, 20, 60] and NO

[24] have been demonstrated to attenuate ische-

mia-reperfusion injury.
The present study is designed to investigate the

involvement of NO and prostaglandin pathways in

the cardioprotective actions mediated by bradykinin

in an in vivo rat model of ischemia-reperfusion-

induced myocardial infarction by administering

L-NAME (N�-nitro-L-arginine, NOS inhibitor) and

aspirin (cyclooxygenase inhibitor) prior to the com-

bined inhibition of ACE and APP by using ACE in-

hibitors (enalapril, lisinopril) and a non-selective

APP inhibitor (2-mercaptoethanol).
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MATERIALS and METHODS

Animals

Laboratory bred Sprague Dawley rats of either
sex weighing 200–400 g were selected. The rats
maintained under standard laboratory conditions at
25 ± 2°C, relative humidity 50 ± 15% and normal
photo period (12 h dark/12 h light) were used for
the experiment. Commercial pellet diet (Ratan
Brothers, India) and water were provided ad libi-
tum.

Substances

Enalapril was generously supplied by Dr. Red-
dy’s Laboratories Ltd. (Hyderabad, India). Lisino-
pril and aspirin were generously supplied by
NATCO Pharma Ltd. (Hyderabad, India). 2-Mer-
captoethanol was purchased from Otto-Kemi
(Mumbai, India). HOE140 and L-NAME were pur-
chased from Sigma Chemical Company (St. Louis,
USA). Thiopentone sodium was a gift sample from
Abott Labs (I) Ltd. (Ankleshwar, India). 2,3,5-Tri-
phenyl-tetrazolium chloride (TTC) was purchased
from BDH Chemicals Ltd. (England) and 1,1,3,3-
tetraethoxypropane was from Sigma Chemical
Company (St. Louis, USA). All other chemicals
and reagents used were of analytical grade.

Experimental protocol

Rats were randomly divided into eleven groups,
each consisting of six animals. The present study
was approved by the Institutional Ethics Commit-
tee (Regd. No. 516/01/a/CPCSEA). Group 1 was
treated with vehicle (saline, 0.3 ml). Group 2 was
treated with enalapril (2 mg kg–1) and 2-mercapto-
ethanol (2 �l kg–1). Group 3 was treated with lisi-
nopril (2 mg kg–1) and 2-mercaptoethanol (2
�l kg–1). Group 4 was treated with HOE140 (150
�g kg–1), enalapril and 2-mercaptoethanol. Group 5
was treated with HOE140, lisinopril and 2-mer-
captoethanol. Group 6 was treated with L-NAME
(10 mg kg–1). Group 7 was treated with L-NAME,
enalapril and 2-mercaptoethanol. Group 8 was
treated with L-NAME, lisinopril and 2-mercapto-
ethanol. Group 9 was treated with aspirin (20 mg
kg–1). Group 10 was treated with aspirin, enalapril
and 2-mercaptoethanol. Group 11 was treated with
aspirin, lisinopril and 2-mercaptoethanol.

All test agents were dissolved in saline. Aspirin
was dissolved in DMSO (dimethyl sulfoxide).
HOE140, L-NAME and aspirin were always given

as an iv bolus injection 15 min before coronary oc-
clusion to allow adequate time for inhibition. Ena-
lapril, or lisinopril was administered 10 min before
reperfusion as a slow bolus. Vehicle or 2-mercapto-
ethanol was administered 5 min before reperfusion
as a slow bolus.

Surgical preparation

Rats were anesthetized with thiopentone so-
dium (30 mg kg–1, ip), tracheotomized and venti-
lated with room air by a Techno positive pressure
mechanical respirator (Animal respirator, Cromp-
ton Parkinson Ltd., England). The right jugular
vein was cannulated in order to inject saline and
drugs. A left thoracotomy and pericardiotomy were
performed, and the left descending coronary artery
was dissected free above the first diagonal branch
and was ligated with the help of a silk thread (4–0).
The artery was occluded for 30 min by a knot. The
silk thread was removed after 30 min with the help
of two-knot releasers to allow reperfusion of the
heart for succeeding 4 h.

Electrocardiogram (ECG)

After surgical preparation, rats were allowed
10 min for stabilization and then control measure-
ments of ECG were taken. The rats were then sub-
jected to a 30 min left descending coronary artery
occlusion. At 15 min of occlusion ECG was taken
again. Measurements of ECG were repeated imme-
diately after release of occlusion and at 1, 2, 3 and
4 h for all the groups of animals. A lead II ECG
was monitored by using Cardiart 408 (BPL) with
20 mm mv–1 sensitivity at a paper speed of 50 mm
s–1. Heart rates were expressed as beats min–1.

Quantification of infarct size

In all the groups after sacrificing the animal by
injecting 2.56 M potassium chloride directly into
the left ventricle, the heart was excised from the
thorax rapidly and the greater vessels were re-
moved. The left ventricle was separated from the
heart and was weighed. It was sliced parallel to the
atrioventricular groove into 2–3 mm thick sections
and the slices were incubated in 1% TTC solution
prepared in phosphate buffer pH 7.4 for 30 min at
37°C [32]. In viable myocardium TTC is converted
by dehydrogenases to a red formazan pigment that
stains tissue dark red [21]. The infarcted myocar-
dium that does not take TTC stain where the dehy-
drogenases are drained off, remains pale in color.
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The pale necrotic tissue was separated from the
stained portions and weighed on an electronic bal-
ance (Dhona 200D). Infarct size was calculated as
a percentage fraction of non-viable myocardium of
the left ventricle.

Determination of malondialdehyde levels in serum

In all the groups before sacrificing the animal at
the end of 4 h of reperfusion, 2 ml sample of blood
was collected from the left ventricle for the estima-
tion of malondialdehyde (MDA) levels in serum.
Serum MDA levels were estimated by the method
developed by Yagi [67]. Tetraethoxypropane (in
amounts of 0.5, 1, 2, 4, 6, 8 and 10 nmol) served as
external standard. MDA levels in serum were ex-
pressed as nmol ml–1.

Determination of malondialdehyde levels in

myocardium

MDA levels in the myocardium were measured
by the method developed by Ohkawa et al. [48].
Briefly, the infarcted left ventricular tissues were
homogenized with 1.15% KCl (10% w/v). The as-
say mixture consisting of 0.1 ml of tissue ho-
mogenate, 0.2 ml of 8.1% SDS, 1.5 ml of 20% ace-
tic acid (adjusted to pH 3.5 with NaOH) and 1.5 ml
of 0.8% aqueous solution of TBA (thiobarbituric
acid) was heated for 60 min at 95°C. Thereafter, the
mixture was cooled and extracted with 5 ml of mix-
ture of n-butanol and pyridine (15:1, v/v). After
centrifugation at 4000 rpm for 10 min, the organic

phase was assayed spectrophotometrically at 532
nm. Tetraethoxypropane (in amounts of 2, 4, 6 and
8 nmol) served as an external standard. MDA levels
in myocardium were expressed as nmol g–1 of tissue.

Statistical analysis

The results are expressed as mean ± SD. Differ-
ences in infarct size, serum and tissue lipid per-
oxide levels were determined by factorial one-way
analysis of variance. Individual groups were com-
pared using Dunnet’s t-test. Differences with p <
0.05 were considered statistically significant.

RESULTS

Infarct size was found to be 50.5 ± 3.5 in con-
trol group (Group 1) animals. It was decreased to
19.4 ± 1.1 and 15.0 ± 2.1 with the combined treat-
ment of enalapril or lisinopril and 2-mercaptoetha-
nol (Group 2 and Group 3), respectively, and the
difference was statistically significant (p < 0.05)
(Fig. 1). Infarct size was increased to 49.6 ± 1.5
and 49.5 ± 1.3 with the prior administration of
HOE140 in enalapril or lisinopril and 2-mercapto-
ethanol-treated groups (Group 4 and Group 5), re-
spectively, and the difference was statistically not
significant compared to control. Infarct size was
found to be 50.1 ± 1.3 and 50.5 ± 1.6 in animals
treated with L-NAME (Group 6) and aspirin
(Group 9), respectively. Infarct size was found to
be 27.7 ± 1.8, 26.3 ± 1.0, 28.4 ± 1.2 and 31.5 ± 1.1
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Fig. 1. Bar graph shows infarct size in rats
of various groups. Values are expressed as
a mean ± SD. b Significant (p < 0.05) com-
pared to group 1. c Significant (p < 0.05)
compared to group 2. d Significant (p <
0.05) compared to group 3. Group 1 – con-
trol. Group 2 was treated with enalapril
and 2-mercaptoethanol. Group 3 was
treated with lisinopril and 2-mercapto-
ethanol. Group 4 was treated with HOE-
140, enalapril and 2-mercaptoethanol.
Group 5 was treated with HOE140, lisino-
pril and 2-mercaptoethanol. Group 6 was
treated with L-NAME. Group 7 was
treated with L-NAME, enalapril and
2-mercaptoethanol. Group 8 was treated
with L-NAME, lisinopril and 2-mercapto-
ethanol. Group 9 was treated with aspirin.
Group 10 was treated with aspirin, enala-
pril and 2-mercaptoethanol. Group 11 was
treated with aspirin, lisinopril and 2-mer-
captoethanol



in Group 7, Group 8, Group 10 and Group 11, re-

spectively (Fig. 1). MDA is the end product of lipid

peroxidation. The reaction of lipid peroxides with

TBA has been widely adopted as a sensitive assay

method for lipid peroxidation. Lipid peroxide lev-

els in serum and myocardial tissue of control ani-

mals were found to be 26.1 ± 1.9 nmol ml–1 and

109.5 ± 5.6 nmol g–1 tissue, respectively. Lipid per-

oxide levels in serum and myocardial tissue for all

the experimental groups were given in Figure 2 and

Figure 3, respectively. Data for heart rate recorded

at various intervals of time during the experiment

for all the groups are given in Table 1.

DISCUSSION

Recent experimental and large clinical trials
strongly indicate a role for ACE inhibitors in limit-
ing myocardial ischemia-reperfusion-induced in-
jury [28, 33, 54, 56, 68]. Previous studies in our
laboratory on the cardioprotective actions of ACE
inhibitors in limiting ischemia-reperfusion-induced
myocardial infarction in rats were also in agree-
ment with the existing reports [5–7]. Inhibition of
angiotensin II formation, anti-free radical action,
inhibition of sympathetic outflow and inhibition of
bradykinin degradation are the proposed mecha-

ISSN 1230-6002 1025

CARDIOPROTECTION BY BRADYKININ VIA NITRIC OXIDE AND PROSTAGLANDINS

0

5

10

15

20

25

30

G
roup

1

G
roup

2

G
roup

3

G
roup

4

G
roup

5

G
roup

6

G
roup

7

G
roup

8

G
roup

9

G
roup

10

G
roup

11

S
er

u
m

M
D

A
le

v
el

s
(n

m
o

l/
m

l)

a

c

b

d

a a a a aa a aa a

Fig. 2. Bar graph shows lipid peroxide
levels in serum of various groups. Values
are expressed as a mean ± SD. b Not signi-
ficant (p < 0.05) compared to group 1. c Not
significant (p < 0.05) compared to group
2. d Not significant (p < 0.05) compared to
group 3. Group 1 – control. Group 2 was
treated with enalapril and 2-mercapto-
ethanol. Group 3 was treated with lisino-
pril and 2-mercaptoethanol. Group 4 was
treated with HOE140, enalapril and 2-mer-
captoethanol. Group 5 was treated with
HOE140, lisinopril and 2-mercaptoetha-
nol. Group 6 was treated with L-NAME.
Group 7 was treated with L-NAME, ena-
lapril and 2-mercaptoethanol. Group 8
was treated with L-NAME, lisinopril and
2-mercaptoethanol. Group 9 was treated
with aspirin. Group 10 was treated with
aspirin, enalapril and 2-mercaptoethanol.
Group 11 was treated with aspirin, lisino-
pril and 2-mercaptoethanol
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Fig. 3. Bar graph shows lipid peroxide
levels in myocardial tissue of various
groups. Values are expressed as a mean
± SD. b Not significant (p < 0.05) com-
pared to group 1. Group 1 – control. Group
2 was treated with enalapril and 2-mer-
captoethanol. Group 3 was treated with
lisinopril and 2-mercaptoethanol. Group 4
was treated with HOE140, enalapril and
2-mercaptoethanol. Group 5 was treated with
HOE140, lisinopril and 2-mercaptoetha-
nol. Group 6 was treated with L-NAME.
Group 7 was treated with L-NAME, ena-
lapril and 2-mercaptoethanol. Group 8
was treated with L-NAME, lisinopril and
2-mercaptoethanol. Group 9 was treated
with aspirin. Group 10 was treated with
aspirin, enalapril and 2-mercaptoethanol.
Group 11 was treated with aspirin, lisino-
pril and 2-mercaptoethanol



nisms that have attracted attention of various re-
searchers and may partly explain the cardioprotec-
tive effects of ACE inhibitors [11]. The actual
mechanism underlying the cardioprotective action
of ACE inhibitors, is not fully clear [69]. Several
researchers reported the involvement of kinins in
the cardioprotective actions mediated by ACE in-
hibitors in ischemia-reperfusion injuries [26, 27,
47]. There are a number of enzymes that possess
kininase activity [8]. ACE is identical to kininase
II, an enzyme involved in the degradation of bra-
dykinin [2]. APP activity is responsible for most of
the remaining metabolism of bradykinin and this
was confirmed by the inhibitory action of 2-mer-
captoethanol (non-selective APP inhibitor) and ap-
statin (selective APP inhibitor) [49, 51]. Previous
studies in our laboratory have shown the cardiopro-
tective actions of 2-mercaptoethanol in ischemia-
reperfusion-induced myocardial infarction in rats
[1, 4]. Inhibition of ACE or APP leads to a similar
preservation of exogenous bradykinin in rat coro-
nary circulation and, therefore, APP contributes to
a similar extent to myocardial kinin degradation as
ACE [12, 17]. Studies by using 2-mercaptoethanol,
a non-selective inhibitor of APP, reduced the in-
farct size to a lesser extent compared to ACE in-
hibitors ramipril or lisinopril [1, 4]. A combination
of inhibitors may provide superior protection to

that given by a single agent [25]. Inhibition of
ACE, APP and potentiating the bradykinin effect
could be an interesting approach in the treatment of
ischemia-reperfusion-induced myocardial infarc-
tion. The combined treatment of ramipril or lisino-
pril with 2-mercaptoethanol resulted in more car-
dioprotection compared to individual treatments [1,
4]. With the combined inhibition of both the en-
zymes ACE and APP, degradation of bradykinin
may be further inhibited resulting in elevated levels
of bradykinin which may account for the enhanced
cardioprotection, confirming the role of bradykinin
in mediating the beneficial cardiac effects in this
model. In the present study, the observation that
cardioprotection obtained by the combined inhibi-
tion of both ACE (by enalapril or lisinopril) and
APP (by 2-mercaptoethanol) was completely pre-
vented by blockade of bradykinin B2 receptors with
HOE140 further confirms the involvement of bra-
dykinin in limiting ischemia-reperfusion-induced
myocardial infarction.

Lipid peroxide levels both in serum and myo-
cardial tissue were reduced significantly in all the
treatment groups except for L-NAME alone-treated
group that indicates the absence of anti free radical
activity of L-NAME in the present in vivo rat
model of myocardial ischemia-reperfusion. There
was no significant difference in heart rate between
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Table 1. Heart rate during myocardial ischemia-reperfusion

Group BO MOP IAR 1h AR 2h AR 3h AR 4h AR

Group 1 409 ± 14 368 ± 17 376 ± 27 364 ± 17 361 ± 21 354 ± 25 354 ± 25

Group 2 401 ± 23 346 ± 16 325 ± 18 320 ± 24 320 ± 27 332 ± 27 333 ± 34

Group 3 416 ± 34 376 ± 30 350 ± 20 357 ± 15 335 ± 26 318 ± 30 299 ± 44

Group 4 430 ± 27 373 ± 31 361 ± 26 343 ± 38 339 ± 37 339 ± 33 330 ± 32

Group 5 424 ± 22 365 ± 26 348 ± 32 332 ± 29 332 ± 29 323 ± 30 313 ± 34

Group 6 415 ± 30 346 ± 16 334 ± 19 319 ± 22 319 ± 22 316 ± 18 309 ± 23

Group 7 396 ± 19 340 ± 15 313 ± 16 313 ± 16 321 ± 13 328 ± 18 337 ± 20

Group 8 415 ± 30 333 ± 11 316 ± 14 310 ± 13 313 ± 16 311 ± 20 308 ± 16

Group 9 424 ± 22 357 ± 20 342 ± 34 335 ± 30 335 ± 30 335 ± 30 318 ± 32

Group 10 424 ± 22 357 ± 22 347 ± 26 329 ± 27 329 ± 27 318 ± 30 313 ± 35

Group 11 434 ± 23 364 ± 23 352 ± 36 344 ± 28 339 ± 34 333 ± 37 322 ± 38

Values are expressed as a mean ± SD. BO – before occlusion; MOP – middle of occlusion period; IAR – immediately after reperfu-
sion; AR – after reperfusion. Group 1 – control. Group 2 was treated with enalapril and 2-mercaptoethanol. Group 3 was treated with
lisinopril and 2-mercaptoethanol. Group 4 was treated with HOE140, enalapril and 2-mercaptoethanol. Group 5 was treated with
HOE140, lisinopril and 2-mercaptoethanol. Group 6 was treated with L-NAME. Group 7 was treated with L-NAME, enalapril and
2-mercaptoethanol. Group 8 was treated with L-NAME, lisinopril and 2-mercaptoethanol. Group 9 was treated with aspirin. Group
10 was treated with aspirin, enalapril and 2-mercaptoethanol. Group 11 was treated with aspirin, lisinopril and 2-mercaptoethanol



the treatment groups. Heart rate was reduced sig-

nificantly during reperfusion in all the groups com-

pared to baseline levels before occlusion. Thus,

bradycardia does not seem to correlate with infarct

size in the present model.
Activation of bradykinin B2 receptors in cul-

tured bovine [39, 65] and human [65] endothelial

cells has been demonstrated to stimulate the forma-

tion of prostacyclin as well as NO. A beneficial ef-

fect of NO in the model of ischemia-reperfusion is

expected from the results of a previous study per-

formed on isolated, buffer-perfused rat hearts, in

which the administration of a stable NO radical

scavenged oxygen-derived free radicals and pro-

tected against reperfusion-induced arrhythmias [24].

Indeed, in a previous study on isolated, buffer-

perfused rat heart, the beneficial effect of ramiprilat

and bradykinin on ventricular function during

reperfusion was completely abolished by the NOS

inhibitor N�-nitro-L-arginine (L-NNA) [39]. In

contrast, in another study inhibition of the NOS by

L-NAME did not prevent the ramiprilat-induced

improvement in the recovery of stunned myocar-

dium [14]. In the present study, inhibition of NOS

by L-NAME significantly blocked the cardiopro-

tection obtained with the combined treatment of

enalapril with 2-mercaptoethanol and lisinopril

with 2-mercaptoethanol. The partial blockade of

cardioprotection by L-NAME compared to HOE140

in the present study indicates the possibility for the

involvement of some other mechanisms in the car-

dioprotective actions mediated by bradykinin.
The exogenous administration of the stable pros-

tacyclin analogue iloprost [20] and prostaglandin E1

[18] has previously been demonstrated to attenuate

myocardial stunning in open-chest dogs. In a previ-

ous study using isolated, buffer-perfused rat hearts,

the beneficial effects of captopril on ventricular

function during reperfusion were completely abol-

ished by the cyclooxygenase inhibitor indomethacin

[63]. In contrast, indomethacin only partially pre-

vented the ramipril-induced improvement of myo-

cardial function during reperfusion in isolated,

buffer-perfused rat hearts [59] and enalaprilat effect

in open-chest dogs [53]. The reasons for these dis-

crepant findings remain unclear and could be related

in part to the dose of indomethacin. In the present

study, cyclooxygenase inhibitor aspirin also signifi-

cantly blocked the cardioprotection obtained with

the combined treatment of enalapril with 2-mer-

captoethanol and lisinopril with 2-mercaptoethanol

to some extent. There is no significant difference in
the infarct size between aspirin alone treated group
and control. The anti platelet activity of aspirin at
a dose of 20 mg/kg did not contribute to infarct size
reduction in the present in vivo rat model of myo-
cardial ischemia and reperfusion. The fact that the
cardioprotection afforded by the combined inhibi-
tion of ACE (by enalapril and lisinopril) and APP
(by 2-mercaptoethanol) was not completely blocked
either by L-NAME or aspirin suggests the involve-
ment of both NO and prostaglandin pathways.

In conclusion, cardioprotection offered by the
combined treatment of ACE and APP is mediated
by bradykinin. Partial blockade of this cardioprotec-
tion by L-NAME and aspirin confirms the involve-
ment of both NO and prostaglandin pathways in the
cardioprotective actions mediated by bradykinin.
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