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The aim of the present study was to establish the effect of intravenous
administration of indomethacin (10 mg/kg), potent inhibitor of prostaglandin
synthesis, on hemodynamic parametrs after intravenous administration of
propranolol (0.3 mg/kg) and enalaprilat (0.5 mg/kg) in rabbits. The follow-
ing parameters were estimated: mean arterial blood pressure, heart rate, car-
diac output and total peripheral resistance. Blood pressure was measured di-
rectly in the carotid artery, heart rate was counted according to ECG, cardiac
output and total peripheral resistance were calculated using the method of
human ���J albumin dilution. For statistical analysis, the average change in
the examined parametres was calculated. Indomethacin significantly in-
creased mean arterial pressure without altering other hemodynamic parame-
ters. Combined intravenous administration of indomethacin with enalaprilat
or propranolol abolished hypotensive effect of both drugs. Indomethacin
magnified the effect of propranolol on total peripheral resistance and aboli-
shed the effect of enalaprilat on this parameter. Co-administration of indo-
methacin with propranolol or enalaprilat did not influence significantly heart
rate and cardiac output in comparison with the effect of both antihyperten-
sive drugs alone. This may indicate the predominant role of the influence of
indomethacin on vascular tone in the observed interaction.

Key words: indomethacin, propranolol, enalaprilat, interaction, hemo-
dynamic parameters
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Abbreviations: ACE – angiotensin converting
enzyme, CO – cardiac output, COX – cyclooxyge-
nase, ECG – electrocardiogram, HR – heart rate,
MAP – mean arterial pressure, NSAIDs – nonste-
roidal anti-inflammatory drugs, PG – prostaglan-
din, TPR – total peripheral resistance

INTRODUCTION

Angiotensin converting enzyme (ACE) inhibi-
tors and �-blockers are frequently used in the treat-
ment of hypertension. However, their antihyper-
tensive effect may be influenced by concomitant
therapy with nonsteroidal anti-inflammatory drugs
(NSAIDs) [3, 4, 6]. This interaction that results in
the loss of effect of antihypertensive therapy may
be easily overlooked. That is why such interactions
appear probably more often than is generally recog-
nized, considering the number of patients to whom
NSAIDs and antihypertensive drugs are simultane-
ously administered.

Recent meta-analyses have shown that NSAIDs
may increase blood pressure in patients with hyper-
tension as well as in healthy subjects [4, 6]. They
may also diminish the efficacy of antihypertensive
treatment. Moreover, Johnson et al. [4] observed
that therapy with NSAIDs was an independent risk
factor of appearance of hypertension in the elderly
population. In this age group, the interaction be-
tween antihypertensive drugs and NSAIDs is highly
probable, as it was proved that hypertension is the
most frequently occurring coexisting condition in
patients who suffer from musculosceletal diseases
[2, 6].

This interaction may be of clinical significance
as it is known that even the minor increase in blood
pressure may influence mortality associated with
hypertension [2, 7]. On the other hand, it was ob-
served that in patients with hypertension long-term
decrease in blood pressure of more than 5 mmHg
may diminish the risk of stroke, cardiovascular in-
cidents and ovarall mortality [7].

There are not many reports on the influence of
NSAIDs on hemodynamic parameters. The degree
and the duration of an increase in blood pressure
associated with NSAIDs therapy has not yet been
established. It is not clear also, whether this inter-
action refers to all NSAIDs. The available data are
not sufficient to explain the exact mechanism of
the interaction between antihypertensive drugs and
NSAIDs. Moreover, the estimation of this interac-

tion is often difficult as the exact mechanisms of
both antihypertensive action of certain drugs and
increase in blood pressure associated with NSAIDs
therapy are not clear.

The high prevalence of combined NSAIDs and
antihypertensive drugs use emphasize the impor-
tance of studying the influence of NSAIDs on car-
diovascular system. The aim of the present study
was to establish the influence of indomethacin on
hemodynamic parameters in rabbits to whom ena-
laprilat or propranolol were administered.

MATERIALS and METHODS

Drugs: indomethacin (Metindol, Pliva, Kraków,
Poland), enalaprilat – active metabolite of enalapril
(Enap, Krka, Slovenia), propranolol (Propranolol,
Polfa, Warszawa, Poland), Human Serum Albumin
(Research and Development Center, Œwierk, Po-
land).

The study was performed on outbred rabbits of
both sexes with body weight of 2–4 kg, fed with
standard feed, having free access to water. All ex-
perimental procedures were performed at the same
time of a day. Rabbits were placed in a dorsal posi-
tion on the operation table. Spectrometric scintilla-
tion probes were placed over the animal’s heart for
radioisotopic investigation in vivo. Catheters were
placed into the carotid artery and jugular vein. Li-
docaine hydrochloride (2%) was used as the local
anesthetic.

The following parameters were estimated: mean
arterial blood pressure (MAP), heart rate (HR), car-
diac output (CO) and total peripheral resistance
(TPR). Blood pressure was measured directly in the
carotid artery, HR was calculated according to elec-
trocardiogram (ECG). CO and TPR were determi-
ned with the method of human  *#J albumin dilu-
tion. Albumin (0.1 ml) was injected into the jugular
vein at time 0 and after 1, 15, 30, 45, 60, 90, 120
min from drugs administration. Hemodynamic pa-
rameters were calculated according to the method
described by Sivachenko et al. [9].

Animals were divided into six groups receiving
intravenously (iv) the following doses of drugs.
Group I: 0.9% NaCl (n = 7), Group II: indometha-
cin 10 mg kg 0 (n = 7), Group III: propranolol 0.3
mg kg 0 (n = 7), Group IV: enalaprilat 0.5 mg kg0 

(n=7), Group V: indomethacin 10 mg kg0 + pro-
pranolol 0.3 mg kg0 (n = 7), Group VI: indometha-
cin 10 mg kg0 + enalaprilat 0.5 mg kg0 (n = 7).
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Drugs were administered iv immediately after
measurements of initial values of hemodynamic
parameters at time 0 min.

The experimental procedures were carried out
in accordance with international guidelines for care
and use of laboratory animals. All efforts were
made to minimize animals suffering and to reduce
the number of animals used in the study. All proce-
dures in this study were approved by the Ethical
Committee of the Medical University of £ódŸ, Po-
land.

Statistics

In every studied group, we compared the aver-
age change in the examined parameters, in relation
to the values observed at time 0 min (before drug
administration) and those observed in the control
group. We have also compared the average change
in the examined parameters between groups of
rabbits that received antihypertensive drugs and
antihypertensive drugs concomitantly with indo-
methacin.

The normality of the distribution was checked
by means of the Kolmogorow-Smirnow test with
Lilleforce correction and homogeneity of variance
was tested by Bartlett’s test. The statistical evalua-
tion was performed by means of analysis of varian-
ce (ANOVA) and post-hoc comparisons were per-
formed by means of LSD test.

If the data were not normally distributed statis-
tical evaluation was performed by means of analysis
of variance (Kruskal-Wallis test) and Mann-Whit-
ney U-test or Wilcoxon matched pair test.

All tests were performed by use of Statistica for
Windows 5.0 program.

RESULTS

The initial values of the examined parameters
are given in Table 1.
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Blood pressure (Fig. 1)

Iv administration of indomethacin resulted in
significant increase in MAP at 15 (p < 0.03), 30
(p < 0.03), 45 (p < 0.05), 60 (p < 0.05), 90 (p < 0.03)
and 120 (p < 0.03) min of the experiment as com-
pared to initial values at time 0 min and the control
group.

Propranolol caused statistically significant de-
crease in MAP (p < 0.04) at 30, 45, 60, 90 min of
the study as compared to the values observed at time
0 min and the control group. Simultaneous admini-
stration of propranolol and indomethacin did not
significantly influence blood pressure. However,
after simultaneous administration of propranolol
and indomethacin significantly higher values of
MAP were observed at 15 (p < 0.01), 30 (p < 0.01),
45 (p < 0.005), 60 (p < 0.005) and 90 (p < 0.005)
min as compared to propranolol alone.

Administration of enalaprilat resulted in signifi-
cant decrease in MAP at 15 (p < 0.02), 30 (p <
0.02), 45 (p < 0.02), 60 (p < 0.01), 90 (p < 0.02)
and 120 (p < 0.03) min of the study. Within group
analysis did not reveal significant influence of com-
bined administration of enalaprilat and indometha-
cin on MAP. After simultaneous administration of
enalaprilat and indomethacin, values of MAP were
significantly higher 15 (p < 0.05), 30 (p < 0.05), 45

(p < 0.03), 90 (p < 0.04) min after drug administra-
tion as compared to enalaprilat alone.

Heart rate (Fig. 2)

Throughout the experiment indomethacin caused
insignificant changes in HR as compared to the
values observed at time 0 min and in the control
group.

Iv administration of propranolol resulted in sig-
nificant decrease in HR (p < 0.03) at 15, 30, 45, 60,
90 and 120 min of the study. Simultaneous admini-
stration of propranolol and indomethacin also re-
sulted in significant decrease in HR (p < 0.02) at
15, 30, 45, 60, 90 and 120 min. There were no sta-
tistically significant differences in HR after com-
bined administration of propranolol and indome-
thacin when compared to the values observed after
propranolol alone.

Iv administration of enalaprilat caused decrease
in HR that reached statistical significance (p < 0.02)
at 90 and 120 min of the study. We have observed
insignificant increase in HR starting from 30 min
of the study after concomitant administration of
enalaprilat and indomethacin. Values of HR after
simultaneous administration of enalaprilat and indo-
methacin did not differ significantly as compared to
enalaprilat alone.
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Cardiac output (Fig. 3)

In our study, iv administration of indomethacin
did not influence CO significantly.

As compared with initial values, iv administra-
tion of propranolol resulted in a decrease in CO
throughout the entire experimental period. The ob-
served differences reached statistical significance
at 15 (p < 0.04), 45 (p < 0.05) and 60 (p < 0.05) min
of the study. Simultaneous administration of pro-
pranolol and indomethacin also caused decrease in
CO, that was significant at 30 (p < 0.03) and 90
(p < 0.02) min after drugs administration. There
were no significant differences in CO between
groups that received propranolol and propranolol
with indomethacin, as in both group CO followed
the same pattern.

Administration of enalaprilat resulted in an in-
crease in CO. The differences reached statistical
significance at 15 (p < 0.05) and 30 (p < 0.02) min
as compared to the initial values.

After combined administration of enalaprilat
and indomethacin CO increased until 45 min of the
experiment, but then decreased. However, the ob-
served differences were not significant. The values
of CO after simultaneous administration of enala-
prilat and indomethacin were significantly lower at
60 and 90 min (p < 0.04) of the study compared to
the values observed in rabbits administered only
enalaprilat.

Total peripheral resistance (Fig. 4)

Throughout the entire experiment, after iv indo-
methacin administration, there was a trend towards
an increase in TPR. However, the observed differ-
ences did not reach statistical significance.

Although there was a trend towards an increase
in TPR after propranolol administration, the ob-
served differences were not significant. However,
indomethacin magnified the effect of propranolol
on TPR and the values of this parameter were sta-
tisticaly higher as compared to those at time 0 min
and the control at 15 (p < 0.002), 45 (p < 0.03), 60
(p < 0.05), 90 (p < 0.05) and 120 (p < 0.05) min.
The observed values of TPR were significantly
higher after simultaneous administration of propra-
nolol and indomethacin than after propranolol alone
at 45 (p < 0.05), 90 (p < 0.03) and 120 (p < 0.05)
min of the experimental period.

Administration of enalaprilat resulted in a de-
crease in TPR throughout the entire experiment.
The differences reached statistical significance at 15
(p < 0.03), 30 (p < 0.02), 45 (p < 0.03), 60 (p < 0.02)
and 90 (p < 0.03) min of the study. Coadministra-
tion of indomethacin abolished the effect of enala-
prilat on TPR. After simultaneous administration of
enalaprilat and indomethacin, the observed values
of TPR were significantly higher at 15 (p < 0.05),
30, 90 and 120 (p < 0.04) min as compared to ena-
laprilat alone.
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DISCUSSION

The precise mechanism of an increase in blood
pressure caused by NSAIDs remains unknown de-
spite extensive studies performed so far. It seems to
be mediated by several mechanisms. NSAIDs may
interfere with circulatory control through inhibition
of cyclooxygenases (COXs). The decrease in pros-
taglandin (PG) synthesis associated with NSAIDs
therapy appears both in the place of pathological
process as well as in other sites where PGs play
a role of regulators of homeostasis. COXs inhibi-
tion results in a decrease in both PGE2 and prosta-
cyline (responsible for a decrease in blood pres-
sure) as well as PGH2 and tromboxane A2 (respon-
sible for an increase in blood pressure) [1]. There is
also evidence suggesting the role of PGs in the
modulation of not only the arteriolar smooth mus-
cle tone but also extracellular fluid homeostasis.
The later, however, seems to play a role during
long-term NSAIDs therapy. It is postulated that so-
dium and water retention, suppression of plasma
renin activity, alterations in adrenoreceptor sensi-
tivity and impaired synthesis of PGs may all con-
tribute to the observed effect [5].

In our study, iv administration of indomethacin
to rabbits resulted in an increase in blood pressure.
Moreover, indomethacin abolished the hypotensive
effect of both enalaprilat and propranolol, magni-
fied the effect of propranolol on TPR and abolished
the effect of enalaprilat on this parameter.

Indomethacin may attenuate the antihyperten-
sive effect of �-blockers. The mechanisms of this
interaction are poorly understood as the mecha-
nisms of antihypertensive action of �-blockers re-
main unclear. There are several explanations, in-
cluding negative inotropic and chronotropic ef-
fects, inhibition of renin release, central nervous
system effects and presynaptic inhibition of neuro-
transmitter release [14]. It is also suggested that the
use of �-blockers may stimulate the synthesis of
vasodilative PGs and that inhibitors of PG synthe-
sis may abolish these effects.

The interaction between �-blockers and NSAIDs
was also confirmed in clinical studies. Salivetti et al.
[8] observed, that indomethacin attenuated the hy-
potensive effect of atenolol. Webster et al. [13] re-
ported that flurbiprofen attenuated the hypotensive
effect of single doses of propranolol. This effect was
observed within 2 h of oral ingestion of propranolol.
At this stage of treatment the main hemodynamic ef-
fect is a reduction in CO and rise in TPR.

Our results did not reveal significant influence
of the combined indomethacin and propranolol ad-
ministration on HR. These results suggest that indo-
methacin does not interfere with cardiac � -adreno-
receptors. This is in agreement with the observa-
tions of other investigators who revealed that
indomethacin did not influence exercise-induced
tachycardia in subjects who received metoprolol
[12, 14].
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In our study, we have noticed a significant de-
crease in CO associated with propranolol admini-
stration. However, the combined administration of
indomethacin and propranolol did not influence
this parameter as compared with propranolol alone.
We conclude that the major mechanism of the ob-
served interaction is not associated with the influ-
ence of NSAIDs on CO, at least after iv administra-
tion of both drugs.

As reported by other investigators, TPR ini-
tially rises after �-blockade. That was also seen in
our experiment, although the observed difference
did not reach statistical significance. However, indo-
methacin magnified the effect of propranolol on
TPR. This may indicate the predominant role of the
influence of indomethacin on vascular tone in the
observed interaction.

There are convincing data indicating that
NSAIDs may decrease the antihypertensive effect
of ACE inhibitors as several animal and clinical
studies support the antagonism of both drugs. This
is in agreement with the results of our study, as we
have observed that indomethacin abolished hy-
potensive effect of iv enalaprilat. Simultaneous ad-
ministration of indomethacin and enalaprilat re-
versed the effect of enalaprilat on TPR. However,
as with �-blockers, the mechanism of this interac-
tion is not certain and its explanation is highly
speculative. The antihypertensive action of ACE
inhibitors results from blockade of the conversion
of angiotensin I to angiotensin II. ACE is identical
to the enzyme that inactivates bradykinin. There-
fore, ACE inhibitors not only antagonize the vaso-
constrictor action of angiotensin II, but also block
inactivation of bradykinin, a potent vasodilator re-
sponsible for the release of vasodilatory and natriu-
retic PGs (PGE2 and prostacycline). Inhibition of
PG synthesis by NSAIDs may lead to the attenua-
tion of antihypertensive effect of ACE inhibitors.
PGs counteract the response to vasoconstrictor hor-
mones and can influence sodium balance because
of their natriuretic effects [6, 10, 11].

The results of our study indicate that indome-
thacin attenuates the hypotensive response to iv
propranolol and enalaprilat. The increase in TPR
following the change in vascular tone most proba-
bly associated with inhibition of PG synthesis
seems to be the major mechanism responsible for
the observed interaction.
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