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Aims As melatonin has been found to play a role in the mechanisms of cardiovascular

regulation, we designed the present study to evaluate whether the evening ingestion of

the pineal hormone might interfere with the antihypertensive therapy in hypertensive

patients well-controlled by nifedipine monotherapy.

Methods Forty-seven mild to moderate essential hypertensive outpatients taking

nifedipine GITS 30 or 60 mg monotherapy at 08.30 h for at least 3 months, were

given placebo or melatonin 5 mg at 22.30 h for 4 weeks according to a double-blind

cross-over study. At the end of each treatment period patients underwent a 24 h

noninvasive ambulatory blood pressure monitoring (ABPM) during usual working

days; sleeping period was scheduled to last from 23.00 to 07.00 h.

Results The evening administration of melatonin induced an increase of blood pressure

and heart rate throughout the 24 h period (DSBP =+6.5 mmHg, P<0.001; DDBP

=+4.9 mmHg, P<0.01; DHR=+3.9 beats minx1, P<0.01). The DBP as well as

the HR increase were particularly evident during the morning and the afternoon

hours.

Conclusions We hypothesize that competition between melatonin and nifedipine, is

able to impair the antihypertensive ef®cacy of the calcium channel blocker. This

suggests caution in uncontrolled use of melatonin in hypertensive patients. As the

pineal hormone might interfere with calcium channel blocker therapy, it cannot be

considered simply a dietary supplement.
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Introduction

Several lines of investigation have implicated the pineal

hormone, melatonin, as playing a role in the regulation of

arterial blood pressure and heart rate in mammals.

Pinealectomy enhances the vascular reactivity to vaso-

constrictive agents [1] and causes transient hypertension in

rats [2±4], which can be reversed by melatonin [5].

Receptors for melatonin have been found in blood vessels

of various arterial beds [6±10] and in the heart [9, 11, 12].

An impaired melatonin secretion seems to be present in

adult SHR rats [13], in whom the number of arterial

receptors for melatonin is increased, without changes in

binding af®nity [6], when compared with WKY rats,

suggesting a receptorial up-regulation in hypertensives.

Melatonin administration has been shown to induce a

hypotensive effect in both normotensive [14, 15] and

spontaneously hypertensive rats [13, 16]. A lowering of

arterial blood pressure has also been reported from an

uncontrolled study on essential hypertensive patients [17].

A cross-over, placebo-controlled study evaluating the

effects of the evening intake of melatonin by young and

healthy normotensives subjects [18] showed a mild

hypotensive effect during the whole 24 h period, with a

concomitant heart rate lowering during the diurnal hours.

These ®ndings suggest that melatonin might have an

additive action with antihypertensive agents but no study

has been designed to evaluate its possible interaction with

other drugs on humans. As melatonin is widely used,

mainly as a self-administered sleep-inducing medication,

an excessive hypotensive effect might occur in hyperten-

sive treated patients who take the hormone without strict

medical control.Received 21 January 1999, accepted 8 February 2000.
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The present study was designed to evaluate whether the

evening ingestion of melatonin may potentiate the

antihypertensive effect of nifedipine monotherapy in

well-controlled hypertensive patients.

Methods

This was a double-blind, randomized, placebo-controlled,

cross-over study. Fifty mild to moderate essential

hypertensive outpatients aged 38±65 years (28 M and 22

F) gave their informed consent to participate in the study,

which was previously approved by the local ethics

committee. As melatonin may affect the production of

sex steroids, suppressing the midcycle surging in luteiniz-

ing-hormone secretion and partially inhibiting the ovula-

tion [19], we included only postmenopausal women.

Secondary hypertension had been previously excluded

by careful history and through physical and laboratory

examinations including radiological and endocrinologic

studies. Patients with end organ damage were excluded.

All the patients had taken nifedipine GITS (Gastro-

Intestinal Therapeutic System) 30 or 60 mg once daily at

08.30 h for at least 3 months and their clinic blood

pressure was well controlled by this monotherapy

(BP<140/90 mmHg). This formulation was chosen

because of its pharmacokinetics, which avoids a re¯ex

sympathoadrenergic activation in chronically treated

patients.

All had a regular sleeping-awake schedule (at least 8 h

sleep per night, documented by a 1 week diary), no major

sleep complaints and had been administered no medication

other than nifedipine for 30 days before the study.

After an initial 4 week washout period with placebo,

patients were allocated randomly to be administered

placebo or melatonin 5 mg at 22.30 h for 4 weeks; after

another 4 week washout period with placebo, patients

were crossed to the alternative regimen for a further

4 weeks.

Melatonin was obtained from Sigma Aldrich Inc.

(Milan, Italy). It was in an immediate-release formulation

and capsules were identical in size, shape and colour to the

placebo. The time scheduled for ingesting the capsule was

chosen according to the recent literature [20] and to the

time habitually scheduled for hypnotic drugs. The

subjects' compliance with the treatment was assessed by

counting the residual capsules.

At each visit BP measurements were obtained from each

patient (right arm) in the seated position, using a standard

mercury sphygmomanometer (Korotkoff I and V) with a

cuff of appropriate size. Measurements were taken in the

morning, by the same observer, after the subjects had

rested 10 min in a quiet room. The average of three

consecutive measurements, with at least a 5 min interval

between each reading, was recorded.

At the end of each treatment period patients underwent

24 h noninvasive ambulatory blood pressure monitoring

(ABPM), performed with a SpaceLabs 90207 monitor

(SpaceLabs 90207 Inc., Redmond, Washington, USA). It

was ®tted to the subjects' non dominant arm at 08.00 h

and was set to take readings every 15 min throughout the

24 h. Patients were instructed to remain motionless each

time a reading was being taken. Recordings were

performed during usual working days (all patients were

employees or housewives), and patients were not allowed

to nap, to drink caffeinated beverages or alcohol, or to

perform any heavy activity.

During the monitoring days lights were to be turned off

at 23.00 h and sleeping period was scheduled to last from

23.00 to 07.00 h. In order to document their adherence to

the protocol, patients kept a diary in which the times of

nocturnal lights off (for sleep) and of morning awakening

were reported.
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Figure 1 Ambulatory blood pressure and heart rate monitorings

during melatonin (&) and placebo (m) treatment. *P<0.05,

**P<0.01, ***P<0.001.
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Blood pressure values from 07.00 to 23.00 h were

chosen to determine the daytime level and values from

23.00 to 07.00 were used for nocturnal values.

The nocturnal fall in blood pressure was calculated as

the mean percentage dip with respect to daytime values.

Twenty-four hour recordings were discarded from the

analysis when more than 10% of all readings, or more than

one reading per hour, were missing or erroneous.

Data are presented as means t s.d. Statistical analysis of

the data was performed using version 6.04 of the SAS

system (SAS Institute Inc., Cary, USA). Analysis of

variance and paired Student's t-tests were used. P<0.05

was considered statistically signi®cant.

In order to verify the basic assumptions of the cross-over

design, besides the evaluation of the period effect, the

possible presence of carry-over or sequence effects was also

investigated [21]. However, for no variable was a period

effect or, more speci®cally, a sequence effect found.

Results

Forty seven out the ®fty enrolled patients completed the

study (27 men and 20 women). Two subjects dropped out

because they had a 10% or more loss of their ambulatory

blood pressure data and they did not consent to repeat the

24 h recordings. One patient dropped out complaining of

marked weakness.

At enrolment of®ce blood pressure and heart rate were

136t10/85t8 mmHg and 72t5 beats minx1, respec-

tively; at the end of the active treatment period

(melatonin) BP and HR were 138t11/87t8 mmHg

and 75t5 beats minx1, and at the end of the placebo

period BP and HR were 137t10/85t8 mmHg and

73t5 beats minx1, respectively; at the end of each

treatment no statistical differences in of®ce BP and HR

were observed respect to the basal values.

Figure 1 and Table 1 show the mean ambulatory blood

pressure and heart rate values recorded during melatonin

intake compared with values after placebo.

The evening administration of melatonin induced an

increase in blood pressure throughout the 24 h period

(DSBP =+6.5 mmHg, 95% CI: 2.3, 10.7, P<0.001;

DDBP =+4.9 mmHg, 95% CI: 1.2, 8.4, P<0.01),

without modifying the 24 h BP pro®le.

The nocturnal fall in SBP and DBP (the degree of

average nocturnal fall compared to the daytime average)

did not change after administration of melatonin (10.2% vs

9.5% and 12% vs 12.5%, respectively, after melatonin and

placebo). The increase of SBP with melatonin was

higher during the afternoon (D SBP 14.00 h-

19.00 h=+7.1 mmHg, P<0.001) and the ®rst part of

the night (D SBP 22.00 h-02.00 h=+9.5 mmHg,

P<0.001). The increase of DBP was higher during

the morning (D DBP 08.00±12.00 h=+6.9 mmHg,

P<0.001).

Melatonin induced an increase in HR throughout the

24 h period (DHR=+3.9 beats minx1, 95% CI: 1,4, 6.4,

P<0.05), being higher during the morning hours (DHR

08.00±12.00 h=+4.5 beats minx1, P<0.001) and the

afternoon (DHR 13.00±19.00 h=+4.8 beats minx1,

P<0.001).

Concerning the side-effects of which patients com-

plained spontaneously, drowsiness during the morning was

reported by 15 subjects taking melatonin and by two

subjects after placebo (P<0.01). Ten patients being

administered melatonin and three patients taking placebo

complained of weakness (P<0.05).

Discussion

The results obtained in the present study show that the

chronic evening ingestion of melatonin in hypertensive

patients well controlled by nifedipine GITS induces a

blood pressure increase and a heart rate acceleration. The

Table 1 Mean systolic (SBP), diastolic (DBP) and heart rate (HR) ambulatory values during placebo and melatonin intake.

Placebo Melatonin

SBP (mm Hg) P

24 h 124.16t9 130.65t10 <0.001

Daytime 128.53t10 134.91t11 <0.002

Nighttime 115.43t7 122.11t8 <0.001

DBP (mm Hg) P

24 h 76.71t5 81.0t6 <0.01

Daytime 79.90t7 84.51t7 <0.002

Nighttime 70.33t4 73.96t5 <0.01

HR (beats minx1) P

24 h 66.50t3 70.42t4 <0.01

Daytime 69.23t4 73.41t4 <0.01

Nighttime 61.05t3 64.43t3 <0.05

Melatonin and nifedipine in hypertension
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SBP increase is present for almost the whole 24 h period,

while the DBP increase, also present through the 24 h,

was particularly evident during the morning hours. The

heart rate too tended to be higher for the entire 24 h

period, although the increase was statistically signi®cant

and clinically important only during the morning and the

afternoon hours.

As the administration of the exogenous pineal hormone

had previously been shown to lower blood pressure and

heart rate either in young normotensive subjects [18] or in

hypertensive patients [17], as well as in SHR rats [3, 16],

we expected to observe an additive effect between

melatonin and nifedipine in hypertensive patients. The

completely different results obtained suggest a possible

kinetic or pharmacodynamic interaction between mela-

tonin and nifedipine with an effect which impairs the

antihypertensive ef®cacy of the calcium channel blocker.

Many studies in vitro and in vivo on the relationship

between melatonin and calcium channels [22±26] suggest

that the hormone might directly affect calcium signalling

by interacting with calmodulin [27] or target enzymes such

as adenylate cyclase and phospodiesterase, as well as with

structural proteins [28, 29]. Satake et al. [30] found that

nifedipine and verapamil inhibit the melatonin-induced

relaxation of aorta precontracted with 5-HT in vitro, but

this would explain an inhibition of melatonin vasodilation

by nifedipine and not the reverse.

The increase in BP and HR observed after melatonin

administration might be due to an increased sensitivity of

arteries to noradrenaline [31±33], or to an increase of the

sensitivity to the barore¯ex elicited by nifedipine.

Although nifedipine GITS, which is a slow release form

of nifedipine, does not change HR even under acute

conditions, it elicits a marked activation of peripheral

muscle sympathetic nerve activity, measured in the

peroneal nerve [34].

La¯amme et al. [16] found that when SHR are

pretreated with melatonin, the sympathoadrenal re¯ex

reactivity to nitroprusside is potentiated, with a 0.7- and a

1.7-fold increase in noradrenaline and adrenaline levels,

respectively. The same mechanism might play a role with

nifedipine.

At the moment we cannot give a clear explanation of

our results. Further studies are needed, including the

evaluation of sympathetic nerve activity, and metabolism

and disposition of nifedipine and melatonin, in order to

best understand the possible interactions of the two drugs.

However this preliminary study has clinical implications.

Even if the clinic BP and HR increase observed while

taking melatonin are not statistically signi®cant, the

BP load, de®ned as the percentage of abnormal BP

readings recorded by ABPM (SBP>140 mmHg and

DBP>90 mmHg) in a 24 h period [43, 44], was

signi®cantly increased by melatonin. In hypertension

chronic overload induces myocardial and vascular

damage and there are data to support the view that BP

load is a better determinant of cardiac and vascular

abnormalities than casual BP values [45, 46].

Melatonin users are the unwitting subjects in a large-

scale uncontrolled experiments [35], although the only

recommended medical use is the short-term management

of jet-lag symptoms [36±42], being the only bene®cial

effect of melatonin that has been veri®ed by well-

controlled trials with suf®ciently large samples. The results

of the present study suggest caution in uncontrolled use of

melatonin in hypertensive patients. As the pineal hormone

might interfere with calcium channel blocker therapy, it

cannot be considered simply a dietary supplement, and its

use should be restricted to its proven medical indication.
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