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In spite of histamine mimicking the symptoms of allergic bronchoconstriction and severe anaphylaxis,
histamine antagonists most probably represent no effective treatment for these conditions. Anti-
leukotrienes proved effective for preventing attacks of allergic asthma. In vitro evidence supports a
supra-additive effect of histamine H; receptor antagonists and anti-leukotrienes in vitro, in asthma
models utilizing human bronchi. The same seems to hold true for human allergen provocation tests
in vivo. We conclude that combinations of second-generation antihistamines and anti-leukotrienes
deserve a large-scale clinical trial for preventing and/or treating attacks of allergic asthma. If useful,
these drugs could provide a cost-effective alternative to some recent antiasthmatics. Given that
redundant mechanisms may be included in asthma pathophysiology, other combinations (including
thromboxane or platelet activating factor antagonists) could also be considered.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

In the first half of the 20th Century there was great hope that
antihistamines would suppress the symptoms of bronchial
asthma and maybe other diseases involving bronchoconstriction
or even anaphylaxis. Exogenous histamine induced bronchocon-
striction, although with different potencies and efficacies in
different animal species, humans showing an intermediate sensi-
tivity. Histamine was detected in tissues and release of an
“H-substance” — later that of histamine itself — was detected
in the course of anaphylactic or other allergic reactions, from
animal and human lungs (see Schild et al., 1951; Sheard et al.,
1967, Sheard and Blair, 1970; Piper and Walker, 1973). Mast cells
and basophils have been identified as the main source of the
release of histamine, as well as other mediators of IgE-mediated
reactions. These cell types (especially mast cells) are still con-
sidered as protagonists in allergic asthma, especially at its early
phase. Considerable progress has been made concerning the way
of mast cell activation in the course of antigen-fixed IgE reaction,
the release of preformed and freshly-synthesized mediators, as
well as other consequences of mast cell activation (for reviews see
Holgate, 1999, 2009; Nauta et al., 2008; Rivera et al., 2008; Hamid
and Tulic, 2009; Weller et al., 2011).
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2. Antihistamines: no established place in allergic asthma
therapy?

2.1. Histamine receptor antagonists

The hopes mentioned above were practically ruined by the
very modest usefulness of antihistamines (histamine H; receptor
antagonists) in bronchial asthma, and also in anaphylactic shock;
although these antagonists could inhibit the deleterious effects of
injected (exogenous) histamine and are effective in milder forms
of hypersensitivity reactions, such as hay fever and urticaria.!
They are currently among the most frequently prescribed medi-
cines. Practically all current pharmacological textbooks label
histamine H; receptor antagonists as essentially useless in the
treatment of asthma (see Barnes, 2011), though some protection
has been noted in a few studies, at least under experimental
conditions of allergen provocation (Herxheimer, 1949; Popa,
1980; Rafferty et al.,, 1987). Patients with allergic rhinitis and
comorbid asthma may benefit from antihistamine treatment in
respect to the lower respiratory tract (for review see Bachert and
Maspero, 2011). Combination of histamine H; with H, receptor
antagonists offers no additional usefulness; connections of more

! For a pharmacology teacher — hopefully also a physiology/pathopysiology
teacher — this is a suitable argument to demonstrate the paramount importance
of the criterion “identity of antagonism” and a considerably weaker predictive
value of “identity of action”or “mimicry” in demonstrating the possible role of an
endogenous substance in tissue reactions in health and disease.
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recently discovered histamine receptors and asthma have not yet
been clarified (Van Ganse et al., 1997).

Second-generation H; receptor antagonists have fewer side
effects than first-generation ones, consequently, higher doses
(yielding a higher receptor occupancy) can be administered
(Nelson, 2003), yet these drugs alone probably cannot reliably
control asthmatic symptoms (Diamant et al., 2007; Barnes, 2011;
Bachert and Maspero, 2011; for some further clinical studies see
below). As far as laboratory animals are concerned, histamine H;
receptor antagonists can protect guinea-pigs against the serious
consequences of antigen-antibody reaction, i.e. bronchospasm in
sensitized animals, while in rats and mice the prominent feature
of such antigen-antibody reactions is circulatory shock with
modest bronchospasm, and antihistamines fail to provide strong
protection.

2.2. Anti-leukotrienes

On the other hand, cysteinyl leukotriene antagonists, e.g.
montelukast, as well as 5-lipoxygenase inhibitors (such as zileu-
ton) offer partial protection against allergic asthma in humans
(O’'Byrne et al., 1997; Barnes, 2011; Nagai, 2012). They are usually
taken orally for prevention, rather than for releaving asthmatic
attacks.

2.3. Current asthma therapy

Further keystones of allergic asthma therapy are adrenergic 3,
receptor agonists and corticosteroids; inhaled muscarine receptor
antagonists or injectable theophylline may provide additional
relief in some cases (see Brand, 2011; Barnes, 2011; Nagai,
2012). There is progress also in this field, e.g., the widespread
use of long-acting bronchodilators. Biological therapy of asthma is
an emerging field (see among others Barnes, 2000; Bisset and
Schmid-Grendelmeier, 2005; Holgate, 2009; Hamid and Tulic,
2009; Nagai, 2012; Chipps et al., 2012 for recent reviews).
Omalizumab, a humanized monoclonal anti-IgE preparation is
already in use. In general, however, it can be assumed that some
of the new drugs (especially biological preparations), though
effective, are rather expensive and in part still investigational;
some older, well-established drugs may have disturbing side
effects and important limits of single and daily dosage. Thus,

Table 1

any progress in asthma therapy is still timely, especially if the
drugs included are cost-effective.

3. Supra-additive relations between mediators

There are several examples of supra-additive interactions,
“redundant mechanisms” of mediators (neurotransmitters, local
hormones) in the mechanisms of physiological and/or pathopy-
siological reactions of the body. In such cases, antagonizing one of
the mediators may yield no or only minor reduction in the
reaction, but inhibiting additional mediators can result in pro-
found inhibition of the process. Even simple addition offers some
advantages, first of all, a reduction of dosage of the individual
components.

3.1. Human respiratory mast cell-derived mediators

Mediators whose release from human respiratory mast cells or
bronchial tissue in vitro has been proven include histamine,
prostaglandin D,, thromboxane A,, peptido-leukotrienes (LTC,,
LTD,4, LTE4), phosholipase A, and tryptase (Sheard et al., 1967;
Paterson et al., 1976; Schulman et al., 1982; Dahlén et al., 1983;
Schleimer et al., 1985; Salari et al., 1985; Flint et al., 1985; Undem
et al., 1987; Broide et al., 1991; Triggiani et al., 2009; Granata
et al, 2010). Mast cells are harvested from broncho-alveolar
lavage fluid and bronchi from pulmonary tissue removed because
of cancer. Release from dispersed lung cells is less considered in
the present work. Many more tissue factors (including interleu-
kins) have been shown to be released from mast cells of animals
(for human and/or animal data see reviews by Piper, 1983;
Dahlén et al, 1986; Holgate et al, 1987; Befus, 1987;
Henderson, 1991; Holgate and Church, 1992; Oliver and Black,
2006; Nauta et al., 2008; Rivera et al., 2008; Hamid and Tulic,
2009; Weller et al., 2011, among others).

3.2. In vitro evidence for supra-additive interactions of mast
cell-derived mediators in human allergic bronchoconstriction

Human allergic bronchospasm has been shown to occur in
isolated bronchial preparations taken from allergic individuals
and exposing them to the respective allergen (Schild et al., 1951).
An alternative to this method is to take bronchial tissue from non-

Effects of drug combinations on allergic bronchoconstriction in vitro, in human preparations.

Experimental protocol

Key results

Reference

Passively sensitized human bronchus, challenged with the antigen H; receptor antagonist diphenhydramine inhbits the initial, while the Adams and Lichtenstein,

SRS-A antagonist FPL 5517 the prolonged phase of the response.

1977

Combined administration strongly reduces the entire response

Preparations taken from asthmatic subjects; challenge with
allergen
or anti-human IgE

No inhibition with antihistamines (mepyramine plus metiamide);
half-maximal inhibition with anti-leukotrienes (among others, ICI
198,615); full inhibition with ICI 198,615 plus antihistamines

Bjorck and Dahlén, 1993

Intralobar bronchi; spontaneous tone

Passively sensitized preparations; challenge with anti-human IgE
antibody

Passively sensitized slices of human lung; bronchial diameter
followed by videomicroscopy; challenge with grass-pollen
extract or activating immunoglobulin E antibody

Bronchi passively sensitized with IgE; challenge with anti-IgE

Bronchi passively sensitized with IgE; challenge with anti-IgE

Relaxation with LTD,4 antagonists (SKF 104353 or ICI 198615) or the
antihistamine pyrilamine. Additive effect with the combination of the
two types of drugs

Slight inhibition with the antihistamine chlorpheniramine; moderate
inhibition with anti-leukotriene (MK-571) strong inhibition with
combination of the two drugs

A combination of the leukotriene antagonist montelukast and the
thromboxane receptor antagonist SQ 29548 shows a higher inhibition
than either drug alone

Strong inhibition with 5-lipoxygenase inhibitors (zileuton and
MK-886) in the presence of the antihistamine mepyramine*

Strong inhibition with the lipoxygenase inhibitor SB 202235 in the
presence of mepyramine®

Ellis and Undem, 1994

Ruck et al., 2001

Wohlsen et al., 2003

Poaty et al., 1993

Chabot-Fletcher et al.,
1995

* Not tested separately.
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allergic individuals and passively sensitize it by incubating, for
several hours or overnight, with high IgE-serum from allergic
persons, then exposing it to the allergen. Pure, specific IgE can
also be used. A somewhat different method is that preparations are
exposed (with or without being sensitized) to anti-IgE antiserum.
(There are many thousands of IgE receptors at the plasma mem-
brane of each mast cell.) For some of the above methods references
are given in Table 1. Finally, a non-immunological activator of mast
cells, e.g., compound 48/80 can be used (Paton, 1951; Davis et al,,
1983). In the study of Davis et al. (1983) an antihistamine was
inferior to FPL-55712, a moderately specific SRS-A antagonist
(model compound for the development of zafirlukast). Above this
paper hardly any human data of the literature with compound 48/
80 are available. For non-immunological release of mast cell
mediators see the review by Ferry et al. (2002).

In technical terms, larger-diameter bronchi can be studied by
using classical organ bath experiments, while with smaller pre-
parations superfusion and high-sensitivity myography or video
microscopy can be exploited.

In nearly all studies where this problem has been addressed,
histamine H; receptor antagonists caused no or only modest
reduction of allergic bronchospasm, while they seemed to
impressively enhance the effect of cysteinyl leukotriene antago-
nists, the latter alone being moderately effective (Table 1).
The overall effect of the combination seems to be higher in
peripheral than in more proximal bronchi (Ellis et al., 1994).
One study, however, indicates a favorable interaction of the
antileukotriene montelukast and the thromboxane receptor
antagonist SQ 29548 (Table 1), while, in a low number of
preparations, combining either montelukast or SQ 29548 with
the antihistamine triprolidine fails to show any notable effect
(Wohlsen et al., 2003). Tested separately, the antihistamine
diphenhydramine delayed the development, while the SRS-A
antagonist FPL 55712 reduced the delayed phase of the antigen-
evoked contractile response in passively sensitized human
bronchi; combining the two drugs yielded a strong inhibition of
the entire response (Adams and Lichtenstein, 1977).

A supra-additive relation between leukotrienes and histamine
has been confirmed in our laboratory with non-immunologic
mast cell activation. In strips prepared from human bronchi, the
mast cell activator polyamine compound 48/80 (p-methoxyphe-
nethyl-methylamine units, connected through methylene groups;
Paton, 1951) caused contraction that was also strongly reduced
by a combination of a leukotriene receptor antagonist (MK 571;
Jones et al, 1989) and the histamine H; receptor antagonist
chloropyramine, but neither drug alone (L. Bartho, unpublished
results).

4. Clinico-pharmacological studies with combined
antihistamine — anti-leukotriene treatment

Promising human studies have been published with the
combination of antihistamines and anti-leukotrienes. The studies
were prospective provocation tests performed on a low number of
asthmatics. Patients with allergic asthma were challenged with
the allergen; bronchoconstriction was inhibited by zafirlukast or,
to a lesser extent, by loratadine. Combining the two drugs yielded
an approximately additive effect (Roquet et al., 1997). Similarly, a
combination of azelastine and montelukast inhibited both the
early and late phase of allergen-induced bronchoconstriction;
used as a sole drug, either medication was less effective than
the combination. Montelukast was superior to azelastine in the
early, but not late, phase of the response (Reicin et al., 2000).
In the study of Davis et al. (2005) montelukast was moderately,
while  montelukast+desloratadine  strongly effective in

preventing the early phase of allergen-provoked bronchoconstric-
tion. Desloratadine alone was practically ineffective. With the late
phase, both desloratadine and montelukast offered some protec-
tion, but the strongest inhibition was again found with the
combination (Davis et al., 2009).

5. Conclusions and the authors’ thoughts about future
perspectives

This minireview only deals with a special aspect of allergic
asthma therapy, i.e., antihistamine-anti-leukotriene combination.
Other types of asthma, e.g., exercise-induced bronchoconstriction,
are beyond our current topic. We feel that there is ample evidence
to justify larger-scale clinical studies with combinations of anti-
leulotrienes (receptor antagonists or 5-lipoxygenase inhibitors)
and second-generation H; histamine receptor antagonists in
patients with allergic asthma, as already proposed by Holgate
(1999). The latter group of drugs is very widely used in patients
with allergic rhinoconjunctivitis and urticaria; hence, there is
widespread clinical experience that shows a low incidence of side
effects. (Drugs of higher risk have been withdrawn from the
market.) Neither anti-leukotrienes nor second-generation anti-
histamines are particularly new drugs, hence the combination
may prove cost-effective. Oral treatment with this combination
could prevent asthmatic episodes and/or reduce their severity.
Should this be the case, administration of an antihistami-
ne+antileukotriene (receptor antagonists) might be tested by
the parenteral route for helping relieve asthmatic attacks. A
possible broadening of medical uses, especially for the injection
preparations, might be other severe allergic/anaphylactic
manifestations.

We also feel that specific antagonists of bronchoconstrictor
prostanoids, as well as platelet activating factor antagonists (that
showed disappointing clinical effects alone, see Kuitert and
Barnes, 1995) would deserve clinical studies in combination with
anti-leukotrienes and, possibly, antihistamines. Overall, the prin-
ciple of supra-additive mediation should be kept in mind in
establishing new ways of asthma therapy, possibly also as
adjuvant for currently established anti-asthmatics.
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