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The ability of angiotensin converting enzyme
(ACE) inhibitors to lower blood pressure may in
part be due to the formation of vasodilatory
prostaglandins. Inhibition of prostaglandin
synthesis with aspirin may therefore theoretically
attenuate the antihypertensive effect of ACE
inhibitors. This trial studied the interaction
between aspirin (ASA) and enalapril, an ACE
inhibitor, and ASA and losartan, an angiotensin
subtype 1 receptor antagonist. Seventeen essential
hypertensive patients were studied, maintained on
a stable dose of either enalapril (n 55 7) or losartan
(n 55 10) monotherapy for >>12 weeks before and
throughout the study. Each patient received a 2-
week course of placebo, 81 mg/day ASA, and 325
mg/day ASA, each treatment separated by a 2-week
washout period. Blood pressure (BP) and serum

thromboxane B2 (TXB2) samples were obtained at
the end of each treatment period. Placebo was
compared with each dose of ASA for each group.
In both the enalapril and losartan groups, mean,
systolic, and diastolic BP were unchanged with the
addition of ASA. Concentrations of TXB2 were
suppressed to <<10% in both groups with ASA.
This study demonstrates that 81 to 325 mg/day
ASA exerts no significant effect on BP in essential
hypertensives taking enalapril or losartan. Am J
Hypertens 1999;12:784–789 © 1999 American
Journal of Hypertension, Ltd.
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Aspirin has perhaps the broadest spectrum
of indications of all drugs used in the
treatment of cardiovascular diseases. As-
pirin (ASA) is indicated for patients with

stable angina, unstable angina, acute myocardial in-
farction, transient cerebral ischemia, thrombotic
stroke, and peripheral arterial disease.1 Angiotensin
converting enzyme inhibitors (ACEI) and angiotensin
subtype I (AT1) receptor antagonists are commonly

used drugs in the treatment of hypertension. Al-
though the exact mechanism(s) by which ACEI lower
blood pressure (BP) has yet to be elucidated, several
possible mechanisms have been proposed. Decreased
circulating angiotensin II, suppression of aldosterone
release, altered prostanoid metabolism, potentiation of
the kallikrein-kinin system, inhibition of tissue renin-
angiotensin systems, and a variety of sympathoinhibi-
tory effects have all been implicated as mechanisms
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for the hypotensive effect of ACEI.2 Antagonists of the
AT1 receptor are believed to exert their antihyperten-
sive effect by competitive inhibition of the AT1 recep-
tor and, unlike ACEI, do not affect the kallikrein-kinin
system or increase concentrations of bradykinin. An-
tagonists of the AT1 receptor may also lower blood
pressure by blocking the release of aldosterone and
catecholamines.3 Losartan was the first AT1 receptor
antagonist marketed in the U.S. and was approved by
the Food and Drug Administration in April 1995 for
the treatment of hypertension.

The regulation of BP is dependent upon many fac-
tors, one of those being the effect of prostaglandins on
peripheral vascular resistance. Prostaglandins may in-
teract with the renin-angiotensin-aldosterone system
and the kallikrein-kinin system, or may act directly on
vascular smooth muscle to help regulate BP.4,5 Pros-
taglandin synthesis can be attenuated by inhibiting the
enzyme cyclooxygenase through the use of a nonste-
roidal antiinflammatory drug (NSAID) such as ASA.6

Several studies have examined the effect of different
doses of ASA on the hypotensive efficacy of ACEI and
have either shown no change7–12 or attenuation of the
reductions in BP10,13–15 with the addition of ASA to
ACEI therapy. There has been no published research
assessing the effect of an NSAID on BP in hyperten-
sive patients taking an AT1 receptor antagonist.

In this research study we evaluated the effect of two
different daily doses of ASA (81 mg and 325 mg) on
the individual abilities of enalapril and losartan to
lower BP in patients with essential hypertension.

MATERIALS AND METHODS

Patient Population Eligible patients were $18 years
old and otherwise healthy, with a diagnosis of essen-
tial hypertension. Patients had a blood pressure of
#140/94 with treatment and were receiving a stable
dose of either enalapril ($5 mg/day) or losartan ($25
mg/day) for a minimum of 12 weeks before study
initiation. Patients were excluded if they were con-

comitantly taking antihypertensive drugs other than
enalapril or losartan, had a diagnosis of secondary
hypertension, had uncontrolled essential hypertension
(blood pressure .140/94) likely to require dosing ad-
justments of antihypertensive medications during the
study, were currently receiving a dose of enalapril ,5
mg/day or losartan ,25 mg/day, had a diagnosis of
coronary artery disease or a disease state requiring
therapy with an NSAID, or were pregnant or using
oral contraceptives. Written informed consent was ob-
tained from all patients. The study was approved by
the Institutional Review Board of the University of
Pennsylvania.

Study Design and Treatment Protocol This was a
double-blind, placebo-controlled, partial crossover
study involving two groups of patients: one group
taking enalapril (n 5 7) and one group taking losartan
(n 5 10). Patients maintained their normal diets
throughout the study and attended each study visit at
the same time each day after fasting for at least 4 h.
Patients maintained their prestudy medication regi-
mens throughout the study with the exception of
ASA and NSAIDs, which were discontinued at least 2
weeks before the first study visit. Patients were also
instructed to avoid any ASA- or NSAID-containing
products throughout the study. The study involved
three study drug regimens separated by 2-week wash-
out periods, as outlined in Table 1. Patients reported to
the General Clinical Research Center at the Hospital of
the University of Pennsylvania for each visit, which
took place every 2 weeks. Patients rested in the seated
position for the duration of each study visit. Pill
counts of study medication and antihypertensive
medication were performed at each visit to ensure
compliance. At the first visit, patients were randomly
assigned in double-blind fashion to a sequence of
receiving all three study drug regimens. Each treat-
ment phase was 2 weeks in duration, with each phase
separated by a 2-week period during which no study

TABLE 1. STUDY DESIGN

Patient Enrollment
Study

Termination
Visit #1 Visit #2 Visit #3 Visit #4 Visit #5 Visit #6

Prestudy (2 weeks)
Randomization

(2 weeks)
Washout #1

(2 weeks)
Crossover #1

(2 weeks)
Washout #2

(2 weeks)
Crossover #2

Enalapril Enalapril 1
study drug
regimen 1, 2, or 3

Enalapril Enalapril 1
study drug
regimen 1, 2, or 3

Enalapril Enalapril 1
study drug
regimen 1, 2, or 3

Losartan Losartan 1
study drug
regimen 1, 2, or 3

Losartan Losartan 1
study drug
regimen 1, 2, or 3

Losartan Losartan 1
study drug
regimen 1, 2, or 3

Study drug regimens were randomly assigned as either regimen 1 5 81 mg aspirin, regimen 2 5 325 mg aspirin, or regimen 3 5 placebo.
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treatment was taken (washout). The three daily treat-
ment regimens (taken orally) were as follows: regimen
1, 81 mg ASA 1 placebo match of a 325 mg enteric-
coated ASA tablet; regimen 2, 325 mg enteric-coated
ASA 1 placebo match of an 81 mg ASA tablet; and
regimen 3, 81 mg placebo match 1 325 mg placebo
match. All ASA and placebo tablets were supplied by
Bayer Corporation, Morristown, NJ.

Data Collection After a 30-min rest period, blood
pressure was measured in triplicate in the nondomi-
nant arm using a Datascope Accutorr 3 automatic
blood pressure cuff (Datascope Inc., Montvale, NJ).
Blood pressure measurements were spaced 5 min
apart. All BP measurements were obtained at the same
time of the day and at the trough of antihypertensive
medication dosing (ie, 12 h postdose for twice-daily
dosing, 24 h postdose for once-dosing). The last dose
of study medication was taken roughly 24 h before
each visit. Systolic and diastolic BP readings were
obtained directly from the automated measurements.
Mean arterial pressure (MAP) was then calculated as
diastolic pressure 1 1⁄3 (systolic blood pressure [SBP]
2 diastolic blood pressure [DBP]).16 A serum sample
was also obtained at each visit after the final BP mea-
surement for analysis of thromboxane B2 (TXB2) con-
centrations. Female patients also underwent a human
chorionic gonadotropin urine pregnancy test before
the study and at the end of each study treatment
phase.

Thromboxane B2 concentrations were obtained by
drawing 5 mL of blood via venipuncture into a 5-mL
syringe and immediately transferring it into a 5-mL
glass test tube and incubating it in a 37°C water bath
for 1 h to maximize TXB2 extraction.17 The blood was
then spun at 3000 rpm at 4°C for 15 min and the
resulting serum decanted and immediately frozen at
270°C until analysis. TXB2 concentrations were ana-
lyzed using radioimmunoassay with C18 column ex-
traction followed by silicon column extraction (New

England Nuclear Research Products, Boston, MA).
Complete suppression of thromboxane A2 formation
was defined as a TXB2 concentration #2 ng/mL.

Study Endpoints The primary endpoint of the study
was to determine if ASA affected the ability of enala-
pril or losartan to lower MAP. Secondary endpoints
were to determine whether ASA affected the ability of
enalapril or losartan to lower SBP or DBP and to
compare the affect of ASA on MAP between the ena-
lapril and losartan groups.

Statistical Analysis Sample size was calculated from
data obtained by Smith et al,8 who reported a standard
deviation of 8 mm Hg in MAP in hypertensive sub-
jects. For the crossover nature of the study design, a
repeated-measures correlation coefficient of 0.50 was
used. To be able to detect a 10 mm Hg difference in
MAP with 87% power at a 5% level of significance,
nine subjects per group would be required. Statistical
analysis was performed comparing BP and serum
TXB2 concentrations between the placebo treatment
and each of the ASA treatments using repeated-mea-
sures analysis of variance for MAP, SBP, DBP, and
serum TXB2 concentrations. For analysis, the average
of the three blood pressures obtained at each visit in
each patient was used. A Student’s t test was used to
compare the enalapril and losartan groups with re-
spect to change from placebo for both doses of ASA.
Significance was set at P # .05. All statistics were
performed using SAS version 6.12.

RESULTS

Demographics Patient enrollment is detailed in Fig-
ure 1 and patient demographics are listed in Table 2.
Twenty-six patients were enrolled, of whom 17 com-
pleted the study. Reasons for the nine withdrawals are
listed in Figure 1. Three patients, two receiving losar-
tan and one receiving enalapril, were withdrawn from
the study secondary to uncontrolled hypertension be-

FIGURE 1. Study enrollment and patient withdrawals. HTN, hypertension; BP, blood pressure.
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fore randomization. Of the 17 patients completing the
study, 10 were receiving losartan and seven were be-
ing treated with enalapril.

Blood Pressure Table 3 lists the observed values for
MAP, SBP, and DBP for both the enalapril and losar-
tan groups for the three study drug regimens. There
was no statistically significant change in any of the
blood pressure endpoints (MAP, SBP, or DBP) when
either 81 or 325 mg ASA was added to enalapril or
losartan treatment. There were also no statistically
significant differences in MAP between the losartan
and enalapril groups with either 81 mg ASA (P 5 .78)
or 325 mg ASA (P 5 .14).

Thromboxane B2 Analyses Figure 2 displays mean
serum TXB2 concentrations in response to placebo, 81
mg ASA, and 325 mg ASA. In response to 81 mg ASA,
TXB2 was suppressed from 134 6 156.5 to 7.54 6 15.0
ng/mL in the enalapril group and from 127 6 79.4 to
10.2 6 16.0 ng/mL in the losartan group. Complete
suppression of TXA2 formation was seen in both the
enalapril (1.26 6 1.32 ng/mL) and losartan (0.68 6

0.47 ng/mL) groups in response to 325 mg ASA. Each
of these changes was significant for both the enalapril
(P 5 .02) and losartan (P 5 .0001) groups.

Adverse Events Two patients reported side effects
throughout the study. One patient experienced head-
ache while taking 81 mg ASA, which resolved spon-
taneously with continued study treatment and the
other patient, stabilized on ASA before the study,
experienced dizziness and blurred vision after with-
drawal of ASA during the first washout phase of the
study. This subject was subsequently withdrawn from
the study.

Compliance Patient compliance, assessed by pill
counts, was 100% with the study treatments and all
patients were $80% compliant with their antihyper-
tensive treatment. TXB2 results further confirmed
compliance with study treatments, with all patients
showing marked reductions in serum TXB2 concentra-
tions while receiving ASA study medication.

Post-hoc Power Calculation A post-hoc power cal-
culation showed $80% power to detect a 10 mm Hg
difference in MAP in the losartan group (n 5 10) with
either dose of ASA, whereas power in the enalapril
group (n 5 7) was $76%.

DISCUSSION

This study demonstrated a lack of effect of ASA on the
hypotensive efficacies of enalapril and losartan. In
both the enalapril and losartan groups, the addition of
either 81 or 325 mg ASA had little effect on MAP, SBP,
and DBP. This is in accordance with studies by Smith
et al that demonstrated no significant change in MAP
when 75 mg/day ASA was added to 25 mg captopril
every 12 h,8 and by Polónia et al9 and Guazzi et al,10

who showed no significant change in blood pressure
when 100 mg/day ASA was added to 20 to 40 mg/day
of enalapril. Larger doses of ASA (3000 mg) were
shown by Moore et al to not significantly affect blood

FIGURE 2. Mean serum thromboxane B2 concentrations after
treatment with placebo, 81 mg aspirin, and 325 mg aspirin in
patients taking either enalapril or losartan.

TABLE 2. PATIENT DEMOGRAPHICS

Enalapril
(n 5 7)

Losartan
(n 5 10)

Age (years) 44 6 8.9 47 6 13.2
Female/male 3/4 1/9
White/black/other 6/1/0 8/0/2
MAP (mm Hg) 93.3 6 7.2 97.5 6 6.7
SBP (mm Hg) 122.3 6 11.7 127.9 6 10.1
DBP (mm Hg) 78.1 6 7.3 82.1 6 5.4
Dose (mg/day) 12.9 6 11.9 47.5 6 7.9
Duration of therapy (months) 45.0 6 33.4 10.8 6 6.8

Values are presented as mean 6 standard deviation.

TABLE 3. MEAN (6SD) RESULTS FOR MEAN
ARTERIAL PRESSURE (MAP), SYSTOLIC BLOOD

PRESSURE (SBP), AND DIASTOLIC BLOOD
PRESSURE (DBP) FOR THE ENALAPRIL AND

LOSARTAN GROUPS

Placebo
81 mg
ASA

325 mg
ASA P

MAP
Enalapril 91.6 6 6.8 95.6 6 5.3 91.4 6 6.9 .46
Losartan 96.2 6 6.3 95.1 6 6.3 95.5 6 7.2 .89

SBP
Enalapril 120.0 6 12.7 126.0 6 8.7 120.7 6 8.7 .48
Losartan 129.9 6 7.2 126.1 6 9.2 125.6 6 10.5 .37

DBP
Enalapril 77.1 6 5.8 80.3 6 5.4 76.7 6 7.3 .57
Losartan 78.9 6 6.8 79.7 6 6.1 80.9 6 6.2 .60

ASA, aspirin.
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pressure in patients receiving a single 25-mg to
100-mg dose of captopril,7 whereas Guazzi et al dem-
onstrated that 300 mg/day ASA may blunt the hypo-
tensive effect of enalapril in some patients but not in
others.10 Other investigators have demonstrated in-
creases in blood pressure with ASA in patients with
congestive heart failure (CHF) taking an ACEI12,13 and
ASA has been implicated in attenuating the mortality
benefits of enalapril in CHF patients.18,19

The influence of ASA on the therapeutic efficacy of
ACEI is therefore still questionable, but is likely to
extend beyond the influence of prostaglandins on
ACEI pharmacodynamics. In our study, the produc-
tion of TXA2 by platelets was effectively inhibited by
both 81 mg and 325 mg/day ASA. The role of platelet
thromboxane production in blood pressure regulation
has been questioned, because captopril has been
shown to increase serum TXB2 concentrations without
affecting urinary TXB2 concentrations, which are
thought to be a measure of renal thromboxane synthe-
sis.8 In that study, 75 mg/day of ASA produced a 53%
reduction in serum TXB2 when added to captopril,
which failed to correlate with any significant change
in blood pressure. It was therefore hypothesized that
perhaps more complete inhibition of platelet throm-
boxane production was necessary to elicit a discern-
able effect on blood pressure in ACEI-treated pa-
tients.8 We demonstrated $90% reduction in serum
TXB2 concentrations when either 81 or 325 mg/day
ASA was added to enalapril or losartan, which re-
sulted in no significant change in BP in either group.
These findings suggest that platelet-derived throm-
boxane does not contribute to BP regulation in ACEI-
treated patients.

Although our findings do not allow conclusions to
be drawn regarding the renal or systemic production
of thromboxane or prostaglandins, studies assessing a
potential interaction between ASA and ACEI have
shown variable results when measuring urinary or
plasma prostaglandin concentrations. Some studies
demonstrated no significant changes in either PGE2 or
PGI2 metabolite concentrations,8,12,20 whereas others
have shown a decrease in PGE2 concentrations upon
addition of ASA to an ACEI.11 Although prostaglan-
dins may be generated by cyclooxygenase-indepen-
dent pathways, other mechanisms of vasodepression
not affected by ASA or NSAID, such as increased
tissue kinin concentrations and mediation of local he-
modynamic responses, may also be important for the
mechanism of ACEI action.21

The potential for ASA to affect the pharmacody-
namics of losartan has, to date, not been thoroughly
investigated. One retrospective analysis suggested
that ASA did not significantly attenuate the ability of
losartan to lower MAP after 12 weeks of losartan
therapy in patients with CHF.22 There was, however, a

trend for ASA to blunt the BP-lowering effect of losar-
tan with both acute and chronic dosing. Currently,
there are no published trials comparing blood pres-
sure in hypertensive patients taking ASA plus losartan
versus losartan alone. Because losartan is believed to
exhibit far less influence on the kallikrein-kinin system
than ACEI, prostaglandin inhibition would be ex-
pected to have little effect on the hypotensive efficacy
of losartan, which was seen in our study. However,
other mechanisms, such as those mentioned earlier,
may still have a part in the action of losartan, making
definitive conclusions regarding its safety in combina-
tion with ASA premature.

Our study does not elucidate a mechanism for a
possible ACEI-ASA interaction but holds clinical sig-
nificance in suggesting that ASA, in doses of 81 to 325
mg/day, does not significantly affect BP in patients
with essential hypertension taking either enalapril or
losartan. Our study is limited by the fact that we did
not control dietary intake, especially sodium, although
patients were instructed to maintain their normal diets
throughout the study. We also cannot exclude the
effect of environmental influences on blood pressure
measurements, as patients may have been more anx-
ious during the first few study visits before acclimat-
ing to the study personnel and surroundings.

Conclusion This study demonstrated that ASA,
given in a dose of 81 to 325 mg/day, exerted no
statistically or clinically significant effect on blood
pressure in patients with essential hypertension pre-
viously stabilized by treatment with either enalapril
and losartan. Whether or not certain patients may be
more susceptible than others to an interaction between
ASA and ACEI remains to be elucidated.
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