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Abstract

Since 1990 it has repeatedly been reported that some histamine Hi receptor

antagonists (e.g. terfenadine and astemizole) are able to produce ventricular ar-
rhythmias (e.g. torsade de pointes) when they are given at dosages above the
therapeutic range and/or administered together with cytochrome P-450 3A4 in-
hibitors, such as ketoconazole or erythromycin. Although the mechanism by
which these arrhythmias are produced remains unclear, the recently reported
ability of these drugs to block outward K+ currents has been suggested as the
cause of their arrhythmogenic effects. Alternatively, we have observed that some
H1 antihistamines, including terfenadine and astemizole, are able to release his-
tamine from guinea-pig cardiac mast cells. Thus, we have proposed that the lib-
erated histamine, acting through an Hy receptor-stimulating mechanism, can
prolong the action potential duration and hence induce arrhythmogenic effects.
This paper describes experimental observations supporting the hypothesis that
some Hj antihistamines can induce severe cardiac arrhythmias via the local re-

|ease of histamine.

Dale and Laidlaw!! first showed in 1919 that
histamine had profound effects, including in-
creases in the rate and force of contraction, on iso-
lated cat and rabbit hearts. Subsequent in vivo stud-
ies demonstrated that intravenous administration
of histamine caused tachycardia and changes in
coronary blood flow and contractility, together
with avariety of arrhythmias, in both animals and
humans.[24 Such observations raise the question

of the possible role of endogenous histamine in
drug-induced cardiotoxicity.

In this context, it has recently been shown that
some histamine H; receptor antagonists (e.g. ter-
fenadine and astemizole), which are able to pro-
duce rare but life-threatening arrhythmias in hu-
mans by prolonging the action potential duration
(APD), can also induce the release of histamine
from mast cell stores.®! Despite suggestions that
the effect on APD ismainly related to the blockade
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of some delayed rectifier potassium channels, the
mechanism by which these arrhythmias are pro-
duced remains unclear. The aim of this paper isto
discuss the effects of histamine on the heart, the
sources of endogenous cardiac histamine, the evi-
dence that endogenous histamine can be released
in sufficient quantitiesto cause arrhythmogenic ef-
fects and, finally, the evidence that certain hista-
mine H; receptor antagonists can indeed liberate
cardiac histamine.

1. The Histamine Release Hypothesis
of Antihistamine-Induced
Cardiac Arrhythmias

The idea that histamine released from cardiac
mast cells by some antihistamines could be related
to the reported induction of severe arrhythmias by
these drugs followed the description by Tobin et
al .18 of astemizole overdosage in a child. These
authorsobserved cardiotoxic effectsthat ‘ resemble
more that caused by histamine than by an antihis-
tamine’ and arrived at the conclusion that such ef-
fects might be produced as a consegquence of an
activity on the histamine Hj receptors.

As aconsequence of this observation, we tested
terfenadine on the isolated guinea-pig ventricular
strip preparation and observed that it induced a
positive inotropic response through a histamine H,
receptor-dependent mechanism.[”l We proposed
the hypothesis that the cardiac arrhythmias pro-
duced by some antihistamines could be mediated
through local mast cell histamine release onto car-
diac histamine H receptors.

This hypothesisis based on 4 facts:

« Histamine affects cardiac contractility and can
increase the ventricular APD in the human
heart.[8]

» The amount of histamine present in human car-
diac mast cells would be sufficient to produce
cardiac arrhythmiasiif it were released.[29.10

e Cardiac histamine can be released by the two
established ‘arrhythmogenic antihistamines’,
terfenadine and astemizole.[®!

» Although therapeutic plasma concentrations of
terfenadine and astemizole are much lower than
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those needed to induce cardiac release of hista-
mine, the extensive accumulation of these
drugs, at least in the animal heart, is more than
sufficient to produce such release and thereby
induce cardiac arrhythmias.[11]

2. Effects of Histamine on Cardiac
Contractility and Cardiac
Action Potential

A number of histamine effects on the heart have
been reported in avariety of animal species. These
include increases in the ventricular force of con-
traction, increasesin atrial rate, coronary vasodila-
tion and/or constriction, increased atrioventricular
conduction time, and a variety of arrhythmias.
There is evidence that both histamine H; and H>
receptors are involved in these effects.[912-14]

The contractile effects of histamine on the heart
are very species dependent (table 1), and this has
obvious relevance when animal models are used to
predict cardiotoxicity involving endogenous hista-
mine. Thus, guinea-pig and human heart are both
very sensitive to histamine, whereas the cat heart
showsan atrial, but not aventricular, response, and
the dog heart is completely insensitive to the direct
effects of histamine.l® In the rat, histamine pro-
duces adecrease rather than an increase in ventric-
ular contractility.['¥ In terms of receptors, hista-
mine Hy receptors are involved in these effects in
human and guinea-pig heart,!'® whereas H; recep-
torsareinvolved in the ventricular response in the
pig and rabbit.[31°]

In addition to the effects of histamine on con-
tractility in human ventricular preparations, its

Table I. Species dependence of cardiac effects of histaminel31516]

Species Effect/histamine receptor
ventricle Fc atrial rate

Human t Ho 1 Ho

Guinea-pig t Hz 1 H2

Cat No effect 1 H2

Dog No effect No effect

Pig T Hp 1 H2

Rat L2

Rabbit T Hp 1 Hi

Fc = force of contraction. 1 = increase; | = decrease; ? = receptor

unknown.
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Fig. 1. Concentration-response curves for the effect of histamine on action potential in human papillary muscles (R.W. Cristwood,
unpublished data).l®] For each parameter, mean absolute control values (0) and mean values obtained after equilibration with

histamine (10~ mol/L, n = 11; other values, n = 13) + SEM are

shown. APD (90% and 20%) = action potential duration at 90% and

20% repolarisation, respectively; RP = resting potential; OS = overshoot. Op < 0.05, [ p <0.01, [ p < 0.001 vs baseline values.

effects on action potential have also been investi-
gated. At athreshold concentration of 0.1 umol/L,
histamine produced concentration-dependent in-
creases in the force of contraction and reductions
in timeto peak tension and relaxation time. At the
sametime, marked changesin action potential con-
figuration, such as an elevation of the plateau
height and an increase in the duration of the action
potential, reflected in the increase in APD at 20%
of repolarisation (ADP 20%) and APD at 90% of
repolarisation (APD 90%), respectively, was
found (fig. 1). However, no effect on dV/dt na or
resting potential has been reported. The largest

Table Il. Histamine content of guinea-pig and human hearts

effect seemsto be on APD, with a mean increase
of 30% at the 10 mol/L concentration.l8171 All ef-
fectsof histamine on the human heart were H, recep-
tor mediated.

3. Cardiac Histamine Content, its
Release by Anaphylaxis and the Role
of Cardiac Histamine Hz Receptors

Clinica evidence indicates that cardiac hista-
mineH; receptorsdo not have aphysiological role.
This evidence is based on findings that, at doses
blocking the cardiovascular effects of the H, ago-
nist impromidine, cimetidine has no effect on car-

Species Region Histamine content n Reference
(mag/kg fresh weight)
Guinea-pig Right atrium 18.10 + 2.40 17 18
Right ventricle 9.80 +£1.30 17 18
Left ventricle 5.10 + 0.60 17 18
Human Right atrium 1.04 £ 0.07 3 9
Right ventricle 5.30 £ 0.50 25 19
Left ventricle 0.71+0.10 4 8
5.40 + 0.60 25 19
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Table Ill. Effects of the mast cell histamine releaser compound 48/80 on human right atrium in vitrol®l

Parameter Untreated

+ Cimetidine pretreatment

Histamine ECso 4.3 pmol/L

(range 2.6-7.5 pumol/L)

Histamine equivalent response
of comp. 48/80

4.1 ymol/L

4.7 umol/L
(range 3.7-7.6 pmol/L)

No response

ECso = concentration releasing 50% of the total histamine content.

diovascular parametersin humans at rest or during
exercise. However, histamine is present in various
tissues within the body, including the heart, and
can be released under certain circumstances.[18:19]

When considering a myocardial response to re-
leased endogenous histamine, release of both car-
diac and extracardiac histamine could be impor-
tant. However, localised myocardial release would
be expected to result in much higher localised
levels within the heart.

Histamineis present in the heart, and is largely
contained within mast cells. Table Il compares the
histamine content in human and guinea-pig heart.
Although the histamine content of guinea-pig right
atrium is much higher than that of human right
atrium, the contents of theventriclesaremoresimilar.

In order to examine the consequences of re-
leased histamine, anumber of studies have used the
anaphylactic response in the isolated guinea-pig
heart: Animals were sensitised to ovalbumin and,
2 weeks later, the hearts were removed and
perfused. They responded strongly when chal-
lenged with ovalbumin, with resulting increasesin
sinusrate, left ventricular contractility, aortic flow
and cardiac output.l*20-24] Coronary flow was de-
creased and there were severe arrhythmias. These
effects occurred soon after the challenge and coin-
cided with histamine release, which peaked at 30
seconds after challenge. The mgjority of the ef-
fects, including the arrhythmias, were histamineH,
receptor mediated.

Effects similar to those seen during anaphylaxis
were produced by the potent mast cell histamine
releaser compound 48/80 in the guinea-pig heart.
In human right atrium in vitro, compound 48/80
elicited an inotropic response, which was blocked
by pretreatment with cimetidine (table II1). The
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magnitude of the 48/80 response was equivalent to
the 50% maximal histamine response.l9

During a severe anaphylactic response in the
guinea-pig, up to 70% of the endogenous histamine
was released from the heart.[]

4. Hy Antihistamines and Cardiac
Histamine Release

Histamine release is not generally observed
with H; receptor antagonists. Histamine release by
H1 receptor antagonistswasfirst describedin 1946,
when Pdllerat and Murat!2%] reported that the blood
histamine level was increased after administration
of various antihistamines. In 1952, Arunlaksh-
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Fig. 2. Comparative effects of terfenadine, diphenhydramine,
d-chlorpheniramine, ebastine, loratadine and cetirizine on ven-
tricular strips (n = 10 to 21) from reserpinised guinea-pigs. Val-
ues are expressed as mean+ SEM. Op <0.05 vs basal values.[”]
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Fig. 3. Effects of terfenadine on guinea-pig ventricular strips
pretreated with vehicle or cimetidine at 106 mol/L, 3 x 10~ mol/L
and 107> mol/L (n = 7 to 21).[7 Values are expressed as mean
+ SEM. Op < 0.05 vs vehicle.

anal?®! reported that diphenhydramine was similar
to compound 48/80 in its ability to release hista-
mine from human lung tissue (releasing up to 36%
of the endogenous histamine).

In 1995, CardelUs and colleagued” studied the
effects of severa histamine Hy receptor antago-
nists: diphenhydramine, d-chlorpheniramine, lora-
tadine, ebastine, cetirizine and terfenadine on ven-
tricular strips from reserpinised guinea-pigs.

The results showed that terfenadine, with a
threshold concentration between 3 and 10 umol/L,
produced concentration-related increases in the
force of contraction. By contrast, none of the
other antihistamines studied had this effect. The
maximum observed effect with terfenadine at
100 pumol/L represented an increase of 441 + 42%
(fig. 2).

Pretreatment of preparationswith cimetidinein-
hibited the effects of terfenadine (fig. 3), showing
that these are H, receptor mediated. Sinceterfenad-
ineis not a histamine H; ligand, the effects of ter-
fenadine must be due to the liberation of hista-
mine.l”]
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These findings with terfenadine prompted fur-
ther studies using guinea-pig isolated cardiac mast
cells. Theresultswere reported by Herediaet al.[®!

Figure 4 shows the release of histamine from
guinea-pig cardiac mast cells produced by antihis-
tamines. The result for terfenadine confirms the
previous evidence for histamine release in the
heart. Terfenadine was the most potent compound,
with asteep dose-response curve and an ECsq (con-
centration that releases 50% of the total histamine
content) value of 13.5 pmol/L and virtualy total
release at 30 umol/L. Terfenadine wasnot aonein
producing this effect, and both astemizole (ECsg =
21.9 umol/L) and descarboethoxyloratadine (ECsp
=43.5 umol/L), the main metabolite of |oratadine,
also caused the virtual complete release of hista-
mineat 100 pumol/L. Loratadine, fexofenadine and
carebastine were without effect up to 100 umol/L
and ebastine (ECsg >100 umol/L) induced only
partial release of histamineand showed avery shal-
low dose-response curve.l%!
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Fig. 4. Comparative effects of several antihistamines on spon-
taneous histamine release from guinea-pig heart mast cells.®!
Values are expressed as mean + SEM. DC-Loratadine =
descarboethoxyloratadine.
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5. Accumulation of Antihistamines
in the Heart

Concentrations of antihistamines inducing the
release of cardiac histaminein vitro exceed plasma
concentrations seen in humans even under condi-
tions of overdose or metabolic inhibition. Never-
theless, some of these agents, particularly astemi-
zole and terfenadine, accumulate in cardiac tissue
and can achieve histamine-releasing concentra-
tions. Furthermore, certain pathological condi-
tions, e.g. myocardial ischaemia or dilated cardio-
myopathy, could facilitate the release in vivo at
even lower concentrations. In fact, Patellaet al .[27]
have recently reported that the rel ease of histamine
was significantly higher in human heart mast cells
from cardiomyopathy patients than from healthy
controls.

6. Conclusions

The data presented support the hypothesis that
cardiac histamine release could, at least in part,
contribute to the adverse cardiac effects of some
antihistamines, such asterfenadine and astemizole.

References

1. Dale H, Laidlaw P. Histamine shock. J Physiol (Lond) 1919;
52: 355-90

2. Wolff A, Levi R. Histamine and cardiac arrhythmias. Circ Res
1986; 58: 1-16

3. Levi R, RubinL, Gross S. Histamine in cardiovascul ar function
and dysfunction: recent developments. In: Uvinas B, editor.
Handbook of experimental pharmacology. Berlin: Springer-
Verlag, 1991; 97: 347-84

4. Gristwood R, Owen D, Smith I. Inhibition by cimetidine of
cardiac stimulation due to mast cell degranulation. Br J Phar-
macol 1980; 70: 105-6

5. Heredia A, Beleta J, Llenas J, et al. Terfenadine and the main
metabolite of loratadine release histamine from cardiac mast
cells: possible cardiotoxic consequences. Ann Allergy
Asthma lmmunol 1997; 78: 142

6. Tobin J, Doyle T, Ackerman A, et al. Astemizole-induced car-
diac conduction disturbances in a child. JAMA 1991; 266:
2737-40

7. CardelUs|, Llenas J, Gristwood R, et al. Terfenadine increases
the force of contraction of guinea pig ventricular strips by a
histamine Hx>-dependent mechanism. Br J Pharmacol 1995;
114: 258P

0 Adis International Limited. All rights reserved.

8. Eckel L, Gristwood R, Nawrath H, et al. Inotropic and electro-
physiological effects of histamine on human ventricular heart
muscle. J Physiol 1982; 330: 111-23

9. Gristwood R, Lincoln J, Owen D, et a. Histamine release from
human right atrium. Br J Pharmacol 1981; 74: 7-9

10. Levi R, Mam J, Bouman F, et a. The arrhythmogenic actions
of histamineon human atrial fibres. Circ Res1981; 49: 545-50

11. CaronJ, AdamantidisM, Bordet R, et al. Effets proarythmiques
des antihistaminiques H1. Lett Pharmacol 1996; 10: 200-7

12. Levi R, Hordof A, Edie R, et a. Histamine effect on human
atria. Circulation 1978; 58: 105

13. Ginsburg R, Bristow M, Stinson E, et a. Histamine receptors
in the human heart. Life Sci 1980; 26: 2245-9

14. Ginsburg R, Erikson M, Bristow M, et al. Histamine receptors
in rabbit, pig and human myocardium. Clin Res 1980; 28: 6A

15. Owen D. Histamine receptorsin the cardiovascular system. Gen
Pharmacol 1977; 8: 141-56

16. Flynn B, Gristwood RW, Owen DA. Histamine-induced
increases in cardiac work in vitro. Agents Actions 1978;
8:388

17. Borchard U, Hafner D, Hirth C. Electrophysiological actions of
histamine and Hi-, Ho-receptor antagonists in cardiac tissue.
Agents Actions 1986; 18: 186-90

18. Giotti A, Guidotti A, Mannaioni P, et al. The influences of
adrenotropic drugsand noradrenalineon the histaminerelease
in cardiac anaphylaxisin vitro. J Physiol 1966; 184: 924-41

19. PatellaV, Marino |, Lamparter B, et al. Human heart mast cells.
Isolation, purification, ultrastructure and immunologic char-
acterization. J Immunol 1995; 154; 2855-65

20. Feigen G, Vaughan Williams E, Peterson J, et al. Histamine
release and intracellular potentials during anaphylaxisin the
isolated heart. Circulation Res 1960; 8: 713-23

21. Feigen G, Prager D. Experimental cardiac anaphylaxis. Physi-
ologic, pharmacologic and biochemical aspects of immune
reactionsin theisolated heart. Am JCardiol 1969; 24: 474-91

22. Capurro N, Levi R. Immunologic release of histamine from the
heart: inhibition by dibutyryl cyclic AMP. Fedn Proc 1971;
30: 499

23. CapurroN, Levi R. Anaphylaxisintheguineapigisolated heart:
selective inhibition by burimamide of the positive inotropic
and chronotropic effects of released histamine. Br J Phar-
macol 1973; 48: 620-8

24. Levi R. Effects of exogenous and immunologically released
histamine on the isolated heart: a quantitative comparison. J
Pharmacol Exp Ther 1972; 182: 227-38

25. Pellerat J, Murat M. Action des antihistaminiques de synthese
sur " histaminémie. C R Soc Biol Paris 1946; 140: 297

26. ArunlakshanaO. Histaminerelease by antihistamines. JPhysiol
1952; 119: 47

27. Patella V, de Crescenzo G, Lamparter-Schummert B, et al.
Increased cardiac mast cell density and mediator releasein
patients with dilated cardiomyopathy. Inflamm Res 1997
Mar; 46 Suppl. 1: S31-2

Correspondence and reprints: Dr J. Llenas, Department of
Pharmacological Development, Research Centre, Almirall
Prodesfarma S.A., Cardener, 68-74, 08024 Barcelona,
Spain.

Drug Safety 1999; 21 Suppl. 1



	Abstract 33
	1. The Histamine Release Hypothesis of Antihistamine-Induced Cardiac Arrhythmias 34
	2. Effects of Histamine on Cardiac Contractility and Cardiac Action Potential 34
	3. Cardiac Histamine Content, its Release by Anaphylaxis and the Role of Cardiac Histamine H2 Receptors 35
	4. H1 Antihistamines and Cardiac Histamine Release 36
	5. Accumulation of Antihistamines in the Heart 38
	6. Conclusions 38
	References 38
	Correspondence and reprints 38

