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Transdermal nitroglycerin
BILL GEORGE, CHANDRA K. NAIR, W. PAUL BIDDLE

ABSTRACT
Nitroglycerin has been used in the medical management
of angina pectoris for over one hundred years. Recent
advances in scientific methods and improved experimental
design have resulted in a better understanding of the
mechanism of action of nitrates, and has led to some
newer uses of nitrates in congestive heart failure and acute
myocardial infarction. Although topical nitrates have
been available for over 25 years and studies have docu-
mented their beneficial effects, the recent introduction of
transdermal patch technology for controlled and pro-
longed drug delivery has stimulated renewed interest in
the subject. This article reviews the status of transdermal
nitroglycerin in the treatment of cardiovascular disease.

INTRODUCTION
Before evaluating the clinical trials of the trans dermal
nitroglycerin delivery system, it is pertinent to review the
mechanism of action of nitrates. The mechanisms of vascu-
lar contraction and relaxation are both complex and incom-
pletely understood. As shown in Fig. 1, the postulated
series of events in vascular smooth muscle contraction
include the influx of calcium which binds to calmodulin
and stimulates myosin kinase. Myosin is phosphorylated
so that it can interact with actin resulting in shortening of
the cell, concomitant with hydrolysis of adenosine
triphosphate. The primary mechanism for relaxation is
mediated through reduction of the intracellular calcium
ion concentration. Calcium is bound to the sarcolemma
and taken up by the sarcoplasmic reticulum and possibly
pumped out of the cell. Phosphorylation of the myosin
chain is essential for smooth muscle relaxation. The
haemodynamic activity of nitrates is mediated primarily
by the relaxation of vascular smooth muscle.

The nitrates react with organic thiols to form S-nitro-
sothiols.' These compounds playa central role by crossing
the vascular smooth muscle cell and activating guanylate
cyclase which, in the presence of magnesium and calcium,
converts guanosine monophosphate to cyclic guanosine
monophosphate. Although the mechanism of cyclic
guanosine .monophosphate accumulation and smooth
muscle relaxation is not well defined, intracellular levels
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FiG. 1. Mechanism of action of nitrates

of cyclic guanosine monophosphate have been shown to
correlate with smooth muscle reiaxation. Nitric oxide can
cross into the intracellular compartment where it can
react with thiol compounds and form the S-nitrosothiols
which then activate guanylate cyclase.? Nitroprusside,
amyl nitrate, sodium nitrite, and organic nitrates are simi-
larly converted to form the S-nitrosothiols and activate
guanylate cyclase (Fig. 1). Chemical amines, cholines-
terase and calcium channel blockers can all cause smooth
muscle relaxation but do not appear to act by this
mechanism. In addition, nitrates at clinically attainable
concentration levels cause a dose-dependent increase in
synthesis of prostacyclin by endothelial cells.! Thus alter-
ation of the prostacyclinlthromboxane A2 ratio in the
vascular smooth muscle may be yet another mechanism of
action of nitrates independent of the "thiol reaction'.
Although the dilatation of veins predominates, nitro-
glycerin relaxes both venous and arterial smooth muscle
resulting in a dose-dependent reduction in systolic and
diastolic arterial pressure. Venodilation reduces preload
and arterial dilatation decreases the afterload of the left
ventricle. Nitroglycerin also dilates extramural coronary
arteries and intracoronary collateral channels, increasing
the flow to ischaemic regions and redistributing it from
the epicardial to the more vulnerable subendocardial
layers.
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CLINICAL TRIALS IN PATIENTS WITH
ANGINA PECTORIS
Although there are various clinical trials designed to test
the efficacy of the commercially available transdermal
nitrate delivery systems (Nitrodisc, Nitro-Dur and Trans-
derm), these trials have used different exercise protocols
and criteria of efficacy, as well as varying doses and dura-
tions of nitrate therapy. For the purpose of convenience
we have divided these into chronic studies (in which
patients were treated for longer than one week) and acute
studies (in which patients were treated for less than three
days). Exercise variables chosen as end-points of efficacy
include total duration of exercise, total workload, exer-
cise time to onset of anginal pain, and exercise time to
onset of ST segment depression.

Acute Studies (therapy less than three days)
The numerous available preparations make it difficult to
find the exact dose of nitrates used in different studies. The
doses of nitrates referred to and listed in Tables I and II
are those delivered over 24-hour periods. In the majority
of studies, patients with angina were selected who fulfilled
one or more of the following criteria: previous myocardial
infarction, coronary arteriography demonstrating
advanced coronary artery disease, a positive exercise
tolerance test or a positive thallium perfusion scan.

The first four studies listed in Table I illustrate the
beneficial effect of transdermal nitroglycerin. The studies
by Naafs et al. utilized the system delivering 5 mg of nitro-
glycerin over 24 hours." Exercise tests were performed
between 12 and 16 hours after the dose and there was a
significant increase in exercise duration from 6.2±3.6to
7.2±3.8 minutes (p<0.002). Hollenberg and Go studied
10 patients utilizing 2.5 and 5 mg of nitroglycerin per 24
hours.> Depending upon the response, a third dose of
either 7.5 or 10 mg per 24 hours was employed. Exercise
tests were performed at four and seven hours after the
dose and a significant increase in exercise time to the
development of a 1 mm STsegment depression (4.2 to 5.6
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minutes, p<O.OOOI)and an overall treadmill exercise score
was demonstrated. A significant dose-related increase,
however, did not appear in these variables. Sellier and
colleagues studied six patients using 10 mg of nitroglycerin
per 24-hour dose and the exercise tests were performed at
4, 10 and 24 hours after the dose." The total work and
exercise duration were again significantly increased with
nitroglycerin as compared to a placebo. The study by
Cerri et al. consisted of 20 patients utilizing two doses; 5
mg and 10 mg of nitroglycerin per 24 hours." The chosen
variables were exercise time to the onset of moderate
angina and 2 mm of ST segment depression. The exercise
tests were performed 3 and 24 hours after the dose and
they noted a significant improvement in the treated group
compared to the placebo group. However, no significant
improvement occurred when the dose of nitroglycerin was
increased from 5 to 10 mg.

In contrast, the last three studies in Table I show some-
what different results. Reichek and his colleagues studied
seven patients using 10 mg per 24 hours and found no sig-
nificant improvement in the workload at which angina
was provoked." The study was repeated with five other
patients using 25 mg of nitroglycerin per 24 hours.
Improvement was seen 2, 4 and 8 hours after the dose, but
the effect disappeared after 24 hours. Parker and
associates studied 11 patients with 5, 10 and 15 mg of
nitroglycerin per 24 hours and found improvement after 4
and 8 hours, but no effect was noted at 24 hours." Sub-
sequently six other patients were studied using doses of
15, 30 and 45 mg of nitroglycerin per 24 hours. These
doses prolonged treadmill walking time at two and four
hours, but only the 45 mg dose improved treadmill walk-
ing time at 24 hours. Sullivan and co-workers studied 16
patients utilizing 10 mg of nitroglycerin per 24 hours and
noted no improvement in exercise factors at either 1 or 24
hours.!? In addition, recent studies by Thadani et al. 11 in
which varying doses of transdermal nitrates were given to
14 patients failed to show significant improvement in
treadmill walking time to onset of angina at 24 hours.

TABLE I. Use oftransdermal nitroglycerin patch in acute studies (less than 3 days)

No. of
patients

Exercise test resultDose
mg/24h

.;; 4 h 5 to 12 h 13 to 24 h

Naafs et al. 4 10 5
Hollenberg and G05 10 2.5 +

5 +
7.5 to 10 +

Sellier et al. 6 6 10 +
Cerri et al:' 20 5 +

10 +
Reichek et al. 8 7 10 0

5 25 +
Parker and Fung? 11 5 +

10 +
15 +

6 15 +
30 +
45 +

Sullivan et al. 10 16 10 0

N.B. + = significant effect 0 = no significant effect

+ +
+
+
+
+ +

+
+

o 0
+ 0
+ 0
+ 0
+ 0
+ 0
+ 0
+ +

o
- = no data
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Chronic Studies (therapy more than one week)
Georgopoulos and associates'? studied 13patients for two
weeks utilizing 5 mg of nitroglycerin per 24 hours and
noted a decreased frequency of anginal attacks and a
decrease in exercise-induced ST segment depression by
61% at 2, 8 and 24 hours after the dose. Thompson'!
studied eight patients using a dose of 10 to 20 mg of nitro-
glycerin per 24 hours over a two-week period and noted a
prolongation of exercise time to the onset of angina and
total duration of exercise performed at 2 and 26 hours
after the dose. Martines" studied 24 patients for three
weeks utilizing both 5 mg and 10 mg of nitroglycerin per
24 hours. He noted a reduction of 85% to 90% in the
number of weekly anginal attacks with the 10 mg dose
compared to a 60% to 70% reduction with the 5 mg dose.
There was significant improvement in the total duration
of exercise and the maximum workload in the treatment
group as compared with the placebo group. However,
only a single exercise test was performed three hours after
the application of the patch. Hollenberg and G05 studied
five patients for four weeks utilizing 5 mg of nitroglycerin
every 24 hours and noted significant improvement in exer-
cise variables at 4 and 7 hours after the dose based on total
treadmill score and time to 1mm ST depression. In contrast
Parker and Fung studied ten patients for 1 to 2 weeks
utilizing 15 mg of nitroglycerin per day and noticed no
evidence of improved treadmill walking time at 2 or 24
hours after the drug." Crean et at. studied 11 patients
utilizing 5 mg patch daily for a week and noticed no
decrease in frequency of anginal attacks or increase in
treadmill walking time to 1 mm of ST segment depression
or total duration of exercise period at two and four hours
after the dose. 15

In eight of these studies medication was stopped 1 to 10
days before the beginning of the study. Patients were left on
beta-blockers and nifedipine for the total duration of the
study by Sullivan et al. 10 The studies by Hollenberg and
Cerri did show significant haemodynamic change (heart
rate and blood pressure) while those of Naafs, Sellier,
Reichek, Parker, and Sullivan reported no significant
haemodynamic change at 24 hours after the dose. 4-10

Naafs et at. excluded three patients; two because exercise-
induced angina was prevented by both nitroglycerin and
placebo, and one because onset of angina occurred sooner
with nitroglycerin than with placebo." In the studies by
Hollenberg and Cerri, the exercise improvement did not
seem to be dose-related.t-?
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In eight of the studies reviewed, the patients were able
to tolerate discontinuation of their medication for up to
10 days before the start of the study. This may be because
these patients had only moderate angina. In the study by
Sullivan et al. other medication (e.g. beta-blockers and
calcium channel antagonists) were continued, with no dif-
ference seen between those using placebo or transdermal
nitroglycerin.l" This may not mean that the transdermal
nitroglycerin is ineffective but that the other therapy is
adequate. Besides, there are several mechanisms for
angina and it is possible that the constant levels of nitrates
available through transdermal delivery systems may be
effective in one way and not another. It is also possible
that the patients with less severe angina, receiving trans-
dermal therapy in the morning, may derive adequate pro-
tection during their daily activity and may not need the
anginal protection during the night. Three of the studies
reviewed, however, showed no effect of the transdermal
delivery system early after application.v-v-"

Bridgman and associates reported that of the 2461
patients they studied 1776 (72%) treated with transder-
mal nitrates were satisfied with the treatment while the
physicians were satisfied with the treatment in 1809 (74%)
of their patients. 16 Thus, the' variance between the physi-
cians' and patients' opinions and the conflicting results of
the previously mentioned studies would indicate that our
means of assessing efficacy may be less than ideal.

The studies by Hollenberg and Go, and Cerri et al.
which established the effectiveness of this form of nitrate
therapy in angina also showed significant haemodynamic
changes, i.e. lowering of systolic blood pressure and an
increased pulse rate.S? The studies which failed to show
haemodynamic changes did not show anti-anginal effec-
tiveness of the transdermal delivery system. This would
support the theory that these effects are dependent upon
the haemodynamic effects of nitroglycerin, and if the
haemodynamic effects are attenuated the anti-anginal
effects will also be diminished.

CLINICAL TRIALS IN PATIENTS WITH
CONGESTIVE HEART FAILURE
Olivari and associates reported their results in nine
patients with severe congestive heart failure using 15-20
mg per 24-hour doses of trans dermal nitroglycerin.l? For
at least six hours, the mean right atrial, pulmonary artery
and pulmonary capillary wedge pressures and pulmonary

TABLE II. Use of transdennal nitroglycerin patch in chronic studies (longer than 1week)

No. of Duration Dose Exercise test result
patients mg/24h

.;;4h 5 to 12 h 13to 26 h

Georgopoulos et al. 12 13 2wk 5 + + +
Thompson'! 8 2wk 10 to 20 + +
Martines'? 24 3wk 5 +

10 +
Hollenberg and Go> 5 4wk 5 + +
Parker and Fung? 10 1 to Zwk 15 0 0
Crean et al." 11 1wk 5 0

N.B. + = significant effect 0 = no significant effect - = no data
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vascular resistance remained lower than the control values
but heart rate and mean systemic arterial pressure were
not significantly different. Between 6 and 18 hours the
pulmonary artery diastolic pressure remained lower than
the control values and after 24 hours pulmonary capillary
wedge pressure and pulmonary vascular resistance were
lower than the control values; but only the mean pulmo-
nary artery pressure remained significantly reduced
(p<O. 05). However, 30 to 40 minutes after removal of the
transdermal patch the mean arterial pressure and the
systemic and pulmonary vascular resistance increased to
significantly greater levels than controls, suggesting the
occurrence of a vascular rebound or a shift in intravascular
volume. Sharpe and Coxon reported results in 16patients
with severe congestive heart failure treated with 5-10 mg
of trans dermal nitroglycerin for 24 hours." They found a
significant reduction in the pulmonary capillary wedge
pressure which persisted for 24 hours with no rebound
after removal of the patches. This beneficial effect was
noticed in 10 surviving patients at the end ofthree months
of therapy with some attenuation noted in the magnitude
of decrease in pulmonary wedge pressure. Conversely,
Jordan and co-workers in a study involving 15 patients
with congestive heart failure noted development of rapid
tolerance to the transdermal route of administration. 19

Tolerance to isosorbide dinitrate is also reported by
various investigators. Parker and colleagues found in
10 patients with chronic stable angina that the
haemodynamic response, particularly the standing blood
pressure, was significantly blunted 45 hours after the
institution of oral isosorbide dinitrate in doses of 15 to 120
mg every six hours.P After institution of a placebo, the
haemodynamic reponse initially seen was again present 21
hours after the last dose. They found that the plasma
levels of isosorbide dinitrate were higher during the 'toler-
ant state' than those observed initially. Hence, itwas their
conclusion that decreased bio-availability was not
responsible for isosorbide tolerance. •

Thadani and associates using oral isosorbide in an acute
study of 12 patients found that an increase in treadmill
walking time and haemodynamic changes persisted for
eight hours after the dose, but that a dose greater than 30
to 60 mg did not further enhance treadmill performance
or prolong or augment haemodynamic changes." The
same authors, during sustained therapy with a dose of 15
to 120 mg every six hours, reported that the treadmill
walking time was not significantly prolonged beyond two
hours.FThe haemodynamic effects were maximal at two
hours and near placebo values for standing blood pressure
were attained after four to six hours. These data again
indicate a rapid development of tolerance to oral isosorbide
dinitrate.

Danahy and Aronow reported similar results with mar-
kedly attenuated effects of isosorbide dinitrate from two
to five hours.P No study has established cross-tolerance
to the haemodynamic or anti-anginal effectiveness of sub-
lingual nitroglycerin.P These studies, however, have
shown that the development of tolerance is not related to
decreased blood levels of nitroglycerin and the effective-
ness is, to a certain extent, unrelated to the dose. Needle-
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man and Johnson proposed that tolerance may develop
owing to the reduction of available sulph-hydryl groups
by oxidation. I Ignarro et al. felt that two populations of
sulph-hydryl groups existed and that they act through a
common pathway of S-nitrosothiol mediated C-GMP
induced smooth muscle relaxation.f

CONCLUSIONS
The phenomenon of receptor 'down regulation' is well
known. The metabolites of isosorbide dinitrate may affect
receptor affinity or numbers in such a way as to isolate the
nitrate from the S-nitrosothiols and, therefore, attenuate
smooth muscle relaxation. The seemingly uniform
responsiveness of patients to sublingual nitrates manifest
by increased exercise tolerance and haemodynamic
change while in the 'tolerant state' would suggest receptor
change in either numbers or affinity by the 'pulse' therapy
of nitroglycerin administered by the sublingual route.

In summary the new trans dermal delivery system that
allows 24 hour release of nitroglycerin after a single appli-
cation has recently gained wide physician and patient
acceptance. However, the problems of nitrate tolerance,
reflected by the development of haemodynamic attenua-
tion seen in these and other forms of 'long-acting' nitrate
therapies may actually be made worse by continuous drug
delivery. Although the quantity of the drug delivered can
probably be increased by the use of large surface areas of
the skin, whether or not the increase in drug delivery will
overcome the development of haemodynarnic attenuation
and allow the beneficial effects to persist with chronic
therapy is doubtful. Attenuation of arterial dilating
effects would parallel the attenuation of anti-anginal
activity and the decrease in treadmill walking time. It
appears that the veno-dilating effects are less subject to
tolerance. The lack of 'cross-tolerance' to sublingual nitro-
glycerin would seem to support a 'pulse effect' possibly
mediated by a change in receptor affinity and/or numbers.

Although still controversial, the accumulated evidence
over the past decade provides support for the beneficial
effects of nitrates in chronic stable angina, unstable
angina, silent myocardial ischaemia, acute myocardial
infarction and congestive heart failure. Since nitrates
have a long tradition of use in cardiac patients without
significant long-term toxicity, it would be prudent to
suggest that nitrates be included in the standard regime
for the pharmacological management of patients with
coronary heart disease. The dosage and the form of nitrate
administration may be largely left to individual prefer-
ence. Transdermal preparations of nitroglycerin have
gained wide popularity in recent years because of the
apparent ease with which they can be used. Nitroglycerin
ointment appears to have a satisfactory haemodynarnic
effect similar to that observed with oral nitrates. It may be
important, however, to allow the blood level of nitrate to
decrease nearly to zero with nitrate-free intervals of 8-10
hours to prevent the development of nitrate tolerance. This
can be accomplished by removing the transdermal prepa-
ration from the skin during the night if the patients have
no nocturnal symptoms.
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