CHAPTER 4

Histamine in Allergic Rhinitis
Thomas Taylor-Clark*

Abstract
istamine plays a major role in allergic rhinitis. In susceptible individuals, allergen
H induces nasal mast cell degranulation and the release of histamine into the nasal mu-
cosa. Histamine has been detected after controlled challenges with allergen and, when
administered into the nasal cavity, elicits signs and symptoms similar to those elicited by allergen.
All four histamine receptors have been demonstrated in the nasal mucosa. The role of the four
histamine receptors in the pathophysiology of allergic rhinitis are discussed.

Introduction

Allergic rhinitis is the result of abnormal inflammation of the nasal mucosa, characterized by
nasal congestion, nasal itchiness (pruritus), sneezing and a runny nose (rhinorrhea).! In man, these
symptoms are due to the release, into the nasal mucosa, of pro-inflammatory mediators from mast
cells (and basophils) after IgE-dependent activation. The presence on the surface of mast cells of
specific IgE against specific acroallergens determines the sensitivity of individuals to a wide range
of innocuous substances. These acroallergens include substances that vary throughout the year (e.g.,
grass pollen—“Seasonal”) and those that do not (e.g., animal dander—“Perennial”) and according
to the World Allergy Organization approximately 24-28% of the population of the United States
and the United Kingdom suffer from some form of allergic rhinitis.

The signs and symptoms of seasonal allergic rhinitis (SAR) can be recreated in a laboratory set-
ting, with nasal challenges of solubsilized pollen sprays eliciting a two-phase response in sensitized
subjects (early phase starts immediately and typically lasting up to an hour and the late phase occurs
approximately 4-12 hours post challenge). Concurrent with the symptoms of congestion, pruritus,
sneezingand rhinorrhea is the release of mast cell mediators such as histamine, leukotrienes, pros-
taglandins and tryptase. The inflammatory environment is increased by the influx of lymphocytes
and granulocytes and the production of a wide array of cytokines, chemokines, growth factors and
adhesion molecules. Allergic rhinitis is also characterized by airway hyperreactivity, in that nasal
challenge of vasoactive or neuroactive stimuli elicit greater responses in rhinitics. In addition, a
large percentage of individuals with allergic asthma also have allergic rhinitis and there is evidence
that alleviation of nasal symptoms has beneficial effects on lower airway function.*?

This book chapter will concentrate, where possible, on data derived from studies on human
subjects and human tissue. In addition, the focus of the chapter will be on the role of histamine
in seasonal allergic rhinitis. Although allergic reactions generally follow the same inflammatory
pathways independent on the type of allergen, it is well established that some perennial allergens
such as house dust mite have non-IgE-mediated activity which can alter the pathophysiology of
the disease.
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Histamine and the Early Phase Response in Allergic Rhinitis

Despite the complex inflammatory environment produced following IgE-dependent mast
cell activation, histamine plays a critical role in the symptoms of allergic rhinitis. Histamine,
synthesized from L-histidine by histidine decarboxylase, is present in nasal mast cells and cir-
culating basophils and is released following allergen challenge. Histidine decarboxylase is also
expressed by other immune cells, such as dendritic cells and lymphocytes.

When administered to the nasal mucosa histamine mimics the early phase of allergen chal-
lenge, causing nasal blockage, pruritus, sneezing and rhinorrhea.*® These symptoms develop
rapidly and fade within 15-20 minutes due to metabolism and venous clearance.

To date, four histamine receptors have been described and all four metabotropic GPCRs
(HR, H,R, H;R and H,R) have been detected in the nasal mucosa.” Antagonists at H,R and
H,R have been widely used clinically to study the roles of these receptors in histamine- and
allergen-induced nasal symptoms. Recently, ligands at H;R and H,R have been approved for
some human studies. Histamine research has also benefitted from the development of knockout
mouse strains of HDC as well as all four histamine receptors.

H, Receptors: Sensory Nerve Activation and Central Reflexes

The selective H,R agonist betahistine, but not the selective H,R agonist dimaprit or the H;R
agonist R-a-methylhistamine, causes sneezing, pruritus and rhinorrhea in humans.® The crucial
role of H,R in histamine-induced neuronal symptoms is confirmed by the inhibition of sneezing,
pruritus and rhinorrhea by H,R antagonists following nasal challenge with histamine.”** H,R
antagonists have no effect on histamine-induced neuronal symptoms.*'*'4

Both pruritus and sneezing are completely mediated by nasal sensory nerves that originate
from the Sth cranial nerve (trigeminal nerve). These afferent sensory nerves (which are dis-
tinct from olfactory nerves, 1st cranial nerve, that encode information of smell) innervate the
epithelium, blood vessels and glands of the nasal mucosa. Although detailed studies in this
field are limited, it appears that there are at least two kinds of nerves innervating the nasal
mucosa of mammals:" touch/air flow-sensitive fibers and neuropeptide-containing polymodal
nociceptors which respond to noxious stimuli such as histamine, ATP, mustard oil and cap-
saicin.'®"® It is likely that this nociceptive subtype mediates allergen and histamine-induced
sneezing and pruritus.’”?? Nasal trigeminal afferents terminate in the brain stem trigeminal
nuclei, forming synapses with central neurons that either ascend to the thalamus (sensations)
or modulate nasal and lower airway efferent nerve activity (central reflexes). Histamine is un-
able to directly activate nasal submucosal glands, but histamine-induced activation of nasal
nociceptive sensory nerves causes a central reflex-dependent bilateral increase in the release of
acetylcholine from nasal parasympathetic nerves, which results in increased mucus secretion
from nasal submucosal glands.?* Correspondingly, contralateral glandular secretion induced
by unilateral histamine challenge is only reduced by muscarinic antagonists that are applied to
the contralateral side, unlike H,R antagonists that are effective when applied to the ipsilateral
side.” Glandular secretion and plasma extravasation (see below) combine to cause the sensa-
tion of rhinorrhea associated with histamine challenge and may contribute to the sensation
of nasal congestion.

Allergen-induced sneezing, pruritus and rhinorrhea in allergic individuals are reduced by H,R
antagonists (Table 1), but not by H,R antagonists.***” Evidence suggests that allergen-induced
sneezing is largely abolished whereas residual itch and rhinorrhea remains in the presence of
H,R antagonists. The reasons for this remain unknown, but it is known that some nociceptor
stimuli, such as capsaicin (pungent ingredient in chilli peppers) can cause reflex glandular
activation without eliciting sneeze.?® Perhaps histamine is the sole allergen-induced mediator
that contributes to the initiation of sneeze, but other mediators are released during allergic
inflammation that can activate nasal nociceptive nerves.
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Table 1. Nasal blockage as measured subjectively by symptom scores (SS) and
objectively by expiratory or inspiratory peak flow (PF), rhinomanometry (R)
and acoustic rhinometry (AR)

Allergen
Antagonist Exposure  Sneeze Pruritus  Rhinorrhea Nasal Blockage Ref
Astemizole Challenge | | L(R) 66
Astemizole Ambient | | No effect (SS) 67
Chlorpheniramine  Ambient | 1) | No effect (SS) 68
Cetirizine Ambient I ! ! 69
Cetirizine Ambient | | | No effect (SS) 70
Cetirizine Challenge | ) | No effect (AR) 1
Cetirizine Challenge | 1) | No effect (PF) 71
Desloratadine Ambient | No effect L(PF) 72
Desloratadine Challenge | | |(PF,SS) 73
Desloratadine Ambient L(SS) 74
Desloratadine Challenge No effect (PF) 60
Desloratadine Ambient I No effect No effect No effect (SS) 75
Desloratadine Ambient | 1) 1) No effect (SS), |(R) 76
Desloratadine Ambient | ! | No effect (SS) 77
Diphenhydramine ~ Ambient | ) | L(SS) 75
Dimetindene Challenge | ! ! No effect (PF) 78
Fexofenadine Ambient 1) No effect L(PF) 72
Hydroxyzine Challenge | ! ! No effect (SS) 79
Hydroxyzine Ambient | | | No effect (SS) 68
Levocabastine Challenge No effect (PF) 80
Levocabastine Challenge | | No effect (R) 81
Levocabastine Challenge | | No effect (R,SS) 26
Olopatadine Challenge | ! ! 1(SS) 82
Terfenadine Challenge I | No effect (R) 83
Terfenadine Ambient I No effect No effect (SS) 67

In addition to its effects on nasal reflexes, there is evidence that histamine-induced activation
of nasal sensory nerves can augment cough sensitivity in some individuals. Although histamine
nasal challenge does not evoke cough, it increases the number of coughs elicited by ‘mouth-only’
inhalation of the tussive stimulant capsaicin.”” Cough associated with allergic rhinitis remains
a controversial topic,” but H,R antagonists are commonly used as a first line of defense in the
treatment of chronic cough in individuals with allergic rhinitis. The evidence suggests that 1st
generation H,R antagonists (e.g., chlorpheniramine) are perhaps better at reducing cough com-
pared to 2nd generation H,R antagonists (e.g., cetirizine), although the mechanisms through
which this occurs is not fully understood.?
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H, Receptors and the Nasal Vasculature

Nasal blockage is defined as a parameter objectively measured using acoustic rhinometry,
rhinomanometry or nasal peak flow meters and is thought to be the result of vasodilation of
nasal blood vessels, in particular sinusoids (also known as capacitance vessels). This causes
the turbinate tissue to protrude into the nasal cavity, which is experienced as nasal conges-
tion. Initially histamine was thought to cause nasal blockage solely through the activation of
H;R. The selective H,R agonist betahistine causes nasal blockage and H,R antagonists reduce
histamine-induced nasal blockage.13%3!' H|R have been shown, using autoradiography, on
human turbinate vascular endothelium®? and histamine induces an increase in calcium in
cultured human turbinate endothelial cells that is blocked by H,R antagonists but not H,R
or H;R antagonists.” In addition, in vitro airway blood vessels fail to dilate in response to
histamine following endothelial denudation.*® Human studies with nitric oxide synthase®
and cyclooxygenase inhibitors®® suggest that neither nitric oxide nor prostanoids are the
H,R-induced endothelium-dependent relaxing factor. However, nitric oxide does play a role in
H,R-mediated increase in plasma extravasation.” Through this mechanism barrier function in
the nasal vasculature becomes leaky, resulting in increased plasma release into the nasal cavity
(which contributes to rhinorrhea).

H,R antagonists, however, have been far less effective in reducing allergen-induced nasal
blockage (Table 1). A large number of studies have been published investigating the effect of a
range of H,R antagonists in reducing nasal blockage as measured by a wide variety of objective
and subjective techniques. Many studies failed to demonstrate a reduction in allergen-induced
nasal blockage. Meta-analysis by Hore et al (2005) of double-blind randomized controlled trials
of oral H,R antagonists suggest that there is indeed a significant reduction of allergen-induced
nasal blockage,” but this seems at best to be inconsistently demonstrated throughout the lit-
erature (at least compared to the effectiveness of H;R antagonists in reducing allergen-induced
sneezing). One H R antagonist that may be efficacious is desloratadine. However, compared to
other H;R antagonists such as cetirizine and fexofenadine, desloratadine is relatively unselective
for H,R.*® Calculations based on their published H R affinities and oral bioavailability sug-
gest that both desloratadine and cetirizine occupy a very similar proportion of H,R following
standard oral doses. Thus it scems likely if desloratadine does reduce allergen-induced nasal
blockage, it does so via nonH;R-mediated mechanisms. The failure of H;R antagonists to re-
duce allergen-induced nasal blockage is unlikely to be due of a decrease in H,R on nasal blood
vessels, as H;R mRNA levels are higher in individuals with allergic rhinitis.*” More likely is the

existence of redundancy in the vasodilatory mechanisms following allergen challenge.

Other Histamine Receptors in the Early Phase Response

Analysis of the effect of high-dose H,R antagonists on histamine-induced nasal blockage
suggests that histamine causes nasal blockage via H;R and nonH,R mediated pathways.*’
Consistent with this, dimaprit, the selective H,R agonist, causes nasal blockage in humans that
is abolished by H,R antagonists.**! Based on work in other vascular systems, the H,R-mediated
nasal blockage is likely due to the activation of H,R on the nasal vascular smooth muscle,
causing endothelial-independent vasodilation.” Despite this data, histamine-induced nasal
blockage is inconsistently reduced by H,R antagonists, although combinations of H,R and
H,R antagonists appear to be more effective than H;R antagonists alone.® Importantly, in the
limited number of published studies, the combination of H,R and H,R antagonists failed to
reduce allergen-induced nasal blockage.?%4!

Nasal challenge with the selective H;R agonist R-a-methylhistamine causes nasal blockage
in humans that is reduced by a topical application of the H;R/H,R antagonist thioperamide.*’
In vitro mechanistic studies of nasal tissue taken from both pigs and humans demonstrate that
R-o-methylhistamine indirectly causes vasodilation by reducing the release of the vasoconstrictor
noradrenaline from nasal sympathetic nerve endings.”* Compound 48/80, a mast cell activator,
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mimicked the effect of R-a-methylhistamine and both were inhibited by thioperamide (H,R/
H,R) and clobenpropit (H;R antagonist/H R agonist). Nasal blood vessels and, to a much lesser
extent, submucosal glands are innervated by sympathetic neurons originating from the superior
cervical ganglion. Stimulation of nasal sympathetic nerves in vitro causes vasoconstriction mainly
via noradrenaline’s activation of a;-adrenoceptors on the vascular smooth muscle,** although
postjunctional a,-adrenoceptors and neuropeptide Y may also play a role.*¢ Consistent with
these in vitro studies, nasal challenge with the selective a;-adrenoceptor agonist corynanthine
caused nasal blockage in humans,’" demonstrating that there is a basal sympathetic vasocon-
stricting tone in vivo.

In vivo evidence for a contribution of H;R in histamine-induced nasal blockage has been
demonstrated in both cats and humans. However, the H;R antagonist thioperamide only re-
duced histamine-induced nasal blockage in humans when given in combination with an H,R
antagonist.”’ Similar results have been observed in compound 48/80-induced nasal blockage
in cats.”” The reasons for this requirement of H,R antagonism are not clear, but one theory
suggests that activation of H,R receptors functionally antagonizes the effect of H;R activation
on sympathetic output.®

Unfortunately, the H;R antagonists available at the moment (thioperamide and cloben-
propit) are not suitable for clinical development and as such we must await more potent and
selective tools before any assessment of the role of H;R in allergen-induced nasal blockage
in humans. If allergen-induced histamine release does indeed reduce the sympathetic tone
to the nasal blood vessels via H;R, perhaps a combination of H,R and H;R antagonists may
be efficacious. Indeed the function of efferent autonomic nerves in the nasal mucosa may be
perverted in allergic individuals,”>* which may result in a more critical role for H;R. However,
it is important to note that in murine models of allergic rhinitis a different role of H;R has
been described.®! In these studies a combination of an H,R antagonist and an H;R agonist
reduced allergic symptoms. The mechanism suggested for the role of H;R was through the
inhibition of substance P release from nasal nociceptive sensory nerves. Although H;R have
been immunohistochemically demonstrated on human nasal nerves,” this study unfortunately
did not characterize these nerve fibers (e.g., afferent vs efferent autonomic). Nevertheless, it
seems unlikely that a reduction in substance P release from nociceptive sensory nerves in the
human nasal mucosa would greatly inhibit allergen-induced sneeze, pruritus, rhinorrhea and
nasal congestion because although human nasal challenge with substance P does cause plasma
extravasation (and therefore rhinorrhea) and nasal blockage, it does not cause sneeze or pruri-
tus.’>*® In addition, nasal challenge with capsaicin, which causes the activation of nociceptive
sensory nerves innervating the airways,'¢ leading to the release of substance P from afferent
peripheral terminals, fails to induce nasal blockage,®>*% suggesting that endogenously pro-
duced substance P is unable to elicit the nasal responses that exogenously applied substance P
can. Unfortunately, until better pharmacological tools (specifically selective and potent H;R
ligands) can be developed, the role of H;R in the early phase response of allergic rhinitis will

remain unclear.

Histamine Receptors and Immune Modulation

Many immune cell types including mast cells, ecosinophils, dendritic cells, T-lymphocytes,
monocytes and macrophages, express histamine receptors and there is growing evidence that his-
tamine can exert influence on the immune response. In some cases multiple histamine receptors
are expressed on the same cell type and activation of these receptors can have opposing effects to
one another. Histamine modulates chemotaxis of granulocytes: positively via H,R and negatively
via H,R.>* Histamine also modulates the production of Th2 cytokines and chemokines, mainly via
the H;R.”" There is some evidence that H,R antagonists reduce mast cell function and cosinophilia
following allergen challenge in allergic subjects,®* but there is ongoing debate on whether these
effects were due to off-target functions of the antihistamine.®**



38

Histamine in Inflammation

Conclusion

Histamine is released during both early and late phases of the nasal allergic response and can
modulate the function of virtually every important cell type in the nasal mucosa. The principle
pro-rhinitis actions of histamine are mediated via H,R. H,R appear to play a minor role. The
discovery of H;R and H,R have yielded interesting and sometimes controversial hypotheses,
but until selective and safe ligands can be developed and tested in the clinic, the debate will
rage on.
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