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Abstract

Allergic rhinitis is the medical term for hay fever affecting 10% to 20% of all people
worldwide. In this bachelor thesis the circadian influences on allergic rhinitis will be
discussed.

There is some predictability of the concentration of pollen over the day. There is a peak
in the pollen concentration between 12:00 h and 16:00 h. Weather conditions and speed
and direction of the wind seem to be a great factor. Therefore, there is some day by day
variation between sites.

Much is known about the mechanism and pathophysiology of allergic rhinitis. Also
research has been done on the occurrence of symptoms over the day. Further research
is needed to indicate a circadian component in the immune response to allergic rhinitis.
The pattern of occurrence of symptoms over the day can be taken into account in the
treatment of allergic rhinitis.

Appropriate treatment of allergic rhinitis is important to prevent the accumulation into
a severe chronic upper-airway disease as well to maintain the quality of life. The
therapeutic approach contains: avoiding allergens, pharmacotherapy and
immunotherapy. Knowing at which time of the day symptoms of allergic rhinitis occur,
the time of treatment can be adjusted so that the treatment is most effective and major
reactions of side effects can be avoided. Antihistamines are most effective when taken in
the evening.

In pollen there seems to be a circadian component. There is also a circadian pattern in
the occurrence of symptoms of allergic rhinitis; a circadian pattern in the mechanism of
the immune system has yet to be determined. The circadian component in the
occurrence of symptoms of allergic rhinitis can be taken into account in the treatment of
allergic rhinitis.
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Introduction

Allergic rhinitis is the medical term for hay fever, an allergic reaction that mimics a
chronic cold. It is the most common type of chronic rhinitis (Small et al., 2011). Allergic
rhinitis is an inflammatory disorder of nasal mucosa, characterized by pruritus,
sneezing, rhinorrhea and nasal congestion (Maurer et al., 2007). Other symptoms are a
clear runny nose, eye itching and tearing of the eyes. Postnasal dripping of clear mucus
frequently causes a cough, loss of smell and occasionally loss of taste. Even nosebleeds
may occur. Allergic rhinitis affects 10% to 20% of all people worldwide, with high
prevalence recorded in industrialized nations (Brozek et al., 2010). Boys are more likely
to have allergic rhinitis than girls. This tendency reverses in puberty so that, by
adulthood, men and women are affected equally. Allergic rhinitis is closely related to
other inflammatory diseases affecting respiratory mucous membranes, such as asthma,
rhinosinusitis and allergic conjunctivitis. Allergic rhinitis is a risk factor for asthma
(Leynaert et al., 2004). Studies have shown that rhinitis is present in up to 95% of
patients with asthma (Greiner et al., 2011). Comorbid allergic rhinitis and asthma can
impact patients’ well being and worsening allergic rhinitis symptoms in patients with
asthma can be associated with worsening asthma symptoms (Magnan et al., 2008).

The allergic reaction is mediated by the immune system. The immune system protects
the body against diseases through different types of cells and proteins, distinguishing
between normal and abnormal cellular components and between self and non-self. The
response to allergens in allergic rhinitis is off-balance (Akdis et al., 2004), leading to an
overreaction of the immune system to allergens. Pollen are the key allergens in allergic
rhinitis. Other allergens are dust and air pollution (Annesi-Maesano et al., 2012).

Circadian rhythms are ubiquitous in mammals governing many aspects of cellular and
behavioral physiology. Circadian rhythms are endogenous oscillators with periods of
approximately 24 h, which are generated by networks of central and peripheral clocks.
Many immune parameters show systematic fluctuations over the 24 h day in human
blood (Lange et al., 2010). The circadian information is transmitted to immune tissues
by neural and endocrine signals and most, if not all, immune cells contain molecular
clock components which have been shown to mediate immune responses, including
natural-killer cell (NK) cytotoxicity, phagocytosis and inflammation (Logan et al., 2012).

In this bachelor thesis the effect of the time of day on the symptoms related to allergic
rhinitis will be discussed. To come to this, there will be discussed if there is an effect of
the time of day in the availability of allergens of allergic rhinitis, how the immune
system responds to allergens in allergic rhinitis, and how the immune response is
influenced by circadian rhythmicity. Also therapies on allergic rhinitis and their
effectiveness related to the time of day will be discussed.



Rhythmicity in pollen emission

Airborne pollen are the key allergens to patients of allergic rhinitis. For an effective
avoidance of the airborne pollen and treatment of allergic rhinitis, it is necessary to
know at which time of the day there is the greatest risk to inhale the pollen. There can
be a diurnal or a circadian rhythm in the emission of pollen. Also weather can be of
influence.

According to Spieksma et al. (1986) the highest concentrations of airborne grass-pollen
grains are observed in the afternoon, between 12:00 h and 16:00 h. At this time
advection occurs from distant dry inland source areas. The afternoon peak is likely
caused by the release of pollen grains from the anthers in the course of the day. The
release of pollen is mediated by solar radiation and moderate wind speeds. Also the
decrease of turbulence and convection in the afternoon might add to the pollen
concentration in the lower atmosphere (Steel, 1983). The second high concentration
period, in the study of Spieksma et al. (1986) is observed during the night. The
occurrence depends on several processes: advection during dry weather conditions,
stable temperature, the onset of fall-out of pollen grains, which are released during the
daytime and absence of dew or shallow fogbanks in the open field, which often develop
in the late night period (Steel, 1983).
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Figure 1 - From: Spieksma et al. (1986). Average concentrations of grass pollen
(grains/m3) in the 6 four-hour periods of the day, June and first half of July, 1979, 1980,
1981; Leiden, The Netherlands.



Concentrations of Airborne grass-pollen are low when the source area, from where the
air is advected, is wet by past or present rain, dew or fog. According to Spieksma et al.
(1986), nightly peak concentrations may occur after a pollen productive day, with a not
too large mixing height in the afternoon, and the development of pollen concentrating
meteorological processes during the night, such as temperature inversion of the air, fall
out of pollen grains, and the absence of permanent deposition of pollen grains and of
dew or fog (Spieksma et al., 1986).

Norris-Hill and Emberlin (1991) have determined the diurnal variation in three types of
pollen in the urban area. Small differences in pollen concentration are shown in their
study as a result of changes in wind direction and temperature.

Kasprzyk et al. (2001) analyzed the incidence of airborne pollen at 5 sites in Poland.
They found that there was no regional or annual difference in composition. Between
years, there was only a difference in spring. According to Kasrzyk et al. (2001) there can
be made a distinction between a regular pollen grain occurrence group and an irregular
pollen grain occurrence group. In this study, three herb plants were looked at, Secale,
Artemisia and Urtica. All of the herb plants were in the regular pollen grain occurrence
group. The diurnal variations of concentration of pollen grains of these plants were
constant and similar between sites and years. In all sites, a clear maximum was found in
the middle of the day. In the evening and at night the concentrations of pollen were at a
minimum. Also noticed by Kasrzyk et al. (2001) is that in Spain the maximum of pollen
concentration was observed at midday, when the temperature is highest (Trigo et al.,
1996), while in England it was observed in the early afternoon (Corden and Millington,
1991). This difference in results can be explained by the difference in climate. The
diurnal pattern of Artemisia was more constant than the pattern of Urtica, although the
genus Artemisia has many species, while there is only one common species of Urtica.
This may be due to the fact that Urtica pollen grains are small and light and remain
longer in the air. The second group is the irregular pollen grain occurrence group, which
in the study of Kasrzyk et al. (2001) contains Alnus, Betula and Poaceae. The pollen in
this group show irregular diurnal presence, with one or more maxima, and show no
similarity between sites and years.

Studies on the circadian periodicity of Poaceae airborne pollen are ambiguous. In
London two maxima are found, in the evening and at night (Norris-Hill and Emberlin,
1991). In Spain the maximum concentration was observed before noon (Galan et al.,
1991). Possible cause of the difference in concentration of airborne pollen in the
different sites is that the family of Poaceae has a large number of species opening their
anthers at different times. Poaceae species also have a characteristic phenology of
blooming. Norris-Hill and Emberlin (1991) report that meteorological factors, especially
temperature, can also influence the diurnal periodicity of pollen grains. Examination by
Kasrzyk et al. of results obtained in Finland, Spain, England and Poland confirms, that
circadian periodicity of Poaceae pollen concentration is very irregular, differs between
sites and between years and depends on several factors (Kasrzyk et al., 2001).

Meeuse and Morris (1984) reported that Alnus and Betula start to pollinate at about 2
p.m., when the temperature is the highest during the day. Their diurnal maxima were
observed in the afternoon and in the evening as well as at night and in the early
morning. In Poaceae, the time of pollen emission may be very long during the day) and is



related to the particular species that occur in the vicinity of sampling sites. Therefore, in
the case of Alnus, Betula and Poaceae there is no clear relation between the time of
anthesis, when the anther is fully open, and the time of diurnal maxima of pollen
concentration (Mas'lankiewicz, 1957; Kasrzyk et al., 2001). According to Mas'lankiewicz
(1957), Secale cereale opens its anthers between 6:00 h and 7:00 h. The maximum
diurnal concentration of airborne pollen was observed from two to eight hours later.
The lag is possibly induced by such weather conditions as speed and direction of wind,
or air turbulence and the distance from pollen sources (Subba Reddi and Reddi, 1985).

The results of the study done by Kasrzyk et al. (2001) of diurnal periodicity of allergenic
pollen also have a practical aspect as they can be used in the pollen forecasts. For
example in Poland, persons allergic to Urtica pollen grains should avoid contact with
pollen just before noon and in the afternoon, while those allergic to Artemisia pollen
should stay indoors in the morning. Patients suffering from pollinosis because of
Poaceae, Alnus and Betula allergens can be subjected to them almost all day, even at
night. In general the concentration of those allergens is only low in the early morning
(Kasrzyk et al., 2001).

The above studies showed that there is some predictability of the concentration of
pollen over the day. Weather conditions and speed and direction of the wind seem to be
a great factor. Therefore, there is some day by day variation between sites. The question
that arises now is whether the immune system is adapted to the predictability of the
concentration of pollen.



Circadian influences on the immune response

The immune system reacts to the allergens in the nasal mucosa. For understanding the
basic mechanisms of allergic rhinitis, it is necessary to know if there is a circadian
rhythm in the immune system, related to allergic rhinitis. A rhythm in the immune
system can be beneficial. By dividing power of the reaction over the day, the reaction
can become more effective. When the availability of allergens is low, the immune
system does not have to react as alert as when the availability of allergens is high. In this
part, an overview of the occurrence of symptoms over the day, as well as the mechanism
of the response will be given.

Nicholson and Bogie in 1973 had 246 unmedicated British hay fever sufferers identify
the time of day when their most troublesome symptomes, i.e., sneezing, wheezing, red
itchy eyes, and stuffy nose, commenced. Each of the symptoms was found to occur most
frequently before breakfast and in the morning and least frequently in the middle of the
day. Overall, approximately 75% of the subjects indicated that their allergic rhinitis
symptoms occurred overnight or in the morning (Nicholson and Bogie, 1973).

Binder et al. (1982) also explored the day-night distribution of allergic rhinitis
symptoms in two groups of presumably untreated subjects. Recall methods were used to
obtain information about the time of day of dominating symptoms. One group consisted
of 512 persons who had a medical history of perennial allergic rhinitis, and the other
consisted of 462 persons with a medical history of seasonal allergic rhinitis. Sneezing
was the most common symptom of both seasonal (55% of participants) and perennial
(42% of participants) allergic rhinitis, consistent with the study of Nicholson and Bogie.
Nasal congestion (16%) and rhinorrhea (26%) were the next most common symptoms,
which were experienced by the participants. About 10% experienced dyspnea, which is
as a main symptom indicative for asthma. 56% of the seasonal and 66% of the perennial
allergic rhinitis participants reported their most severe symptom occurred in the
morning. Only a small proportion stated their most severe symptom occurred in the
evening or at night (Binder et al., 1982).

Reinberg et al. in 1988 utilized a different and more thorough method to investigate and
quantify the diurnal variation in allergic rhinitis symptom intensity. This chrono-
epidemiologic study involved a total of 765 medication-free allergic patients who were
recruited from 17 different clinical centers throughout France. The diagnosis of allergic
rhinitis was based on conventional clinical criteria: positive skin reaction to allergens,
total and differential white cell count, immunoglobulin E concentration, and medical
history. Each participant self-assessed the severity of the allergic rhinitis symptoms
using 100 mm visual analog scales (VAS) at least four times daily. The clock times of the
self-assessments done by the 765 participants were almost uniformly distributed
between 6:00 h and 12:00 h. The symptoms of sneezing, nasal congestion, and nasal
rhinorrhea were most severe in the morning. There was a second peak in the early
evening. The temporal pattern in symptom intensity was similar in men and women, in
smokers and nonsmokers, and participants having only a recent or long medical history
of allergic rhinitis. The magnitude of the variation over time of the response of each



individual symptom amounted to roughly 20-25% of its overall mean score, which was
derived from all the self-assessment scores of each individual symptom (Reinberg et al.,
1988). This clearly demonstrates that the immune system is differentially sensitive to
stimuli at different times of the day.
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Figure 2 - From: Smolensky et al, 2007 based on data from Reinberg et al., 1988. Diurnal
variation in allergic rhinitis symptoms — sneezing, nasal congestion, rhinorrhea and
pruritis. Self-assessments were performed using visual analogue scales four equally spaced
times during the waking span for 1 week. On average, the severity of all the symptoms was
greatest in the morning, both in men and women. Open and shaded portions of the time
axis indicate the clock time of activity and sleep of subjects.

The day-night difference in allergic rhinitis symptoms intensity may also represent, at
least to some extent, circadian rhythm differences in nasal tissue vulnerability to
allergen exposure (Aoyagi et al., 1999). Aoyagi et al. exposed groups of allergic rhinitis
and non-allergic rhinitis medication-free children, with an average age of 11.3 years, to a
12 mg aerosol methacholine nasal challenge at two different times of the day, 6:00 h and
15:00 h. Nasal secretions were collected for 10 min after each clock-time challenge. The
volume of nasal secretions collected following the 6:00 h challenge was significantly
greater than that collected after the 15:00 h challenge. A greater concentration of
inflammatory and related mediator chemical substances, eosinophil cationic protein,
histamine, and tryptase, was detected in the nasal secretions of allergic rhinitis subjects
following the morning than afternoon challenge. The findings of this two-time of day
study on young children document a morning-afternoon difference in the concentration
of inflammatory activation products in nasal secretions induced by the methacholine



chemical challenge. Such a day-night variation in nasal reactivity suggests a circadian
rhythm-dependent difference in the ability of specific allergens as well as non-specific
chemical substances to induce pro-inflammatory activities in the upper respiratory tract
tissue (Aoyagi et al., 1999; Smolensky et al. 2007).

The above reviewed studies relied either on recall of the clock time or span of day when
allergic rhinitis symptoms commenced or were most intense, or they relied on self-
ratings done at specific times only during the daytime. None of these studies were
specifically designed to gather data on symptom intensity during the night. More recent
investigations document the inflammation, manifested as nasal congestion and nasal
obstruction, of allergic rhinitis (Smolensky et al., 2007). They worsen significantly
nocturnally, presumably due to so-called late-phase response pathophysiologic
phenomena, staging of certain endogenous circadian rhythms, and supine posture for
sleep, as discussed below (Smolensky et al., 2007). The findings of many studies show
that the nasal congestion and obstruction of allergic rhinitis can become so great during
the night that the sleep of moderately and severely affected persons can be disturbed,
compromising quality of life with difficulty in awakening in the morning, daytime
fatigue, poor daytime concentration, poor work and school performance, and altered or
depressed mood and irritability. Taken together, many studies indicate the
manifestation and severity of allergic rhinitis display marked and predictable 24-h
variation (Smolensky et al., 2007). Symptoms are likely to be much more intense
nocturnally, during intended sleep, and/or in the early morning on awakening (Stuck et
al,, 2004). During sleep, air exchange between the lungs and environment occurs
primarily through the nose. The exacerbation of nasal rhinorrhea, congestion, and
obstruction, due to the late-phase response, neuroendocrine circadian rhythms, and
change in posture (from upright to supine) can easily impair the quality and continuity
of nighttime sleep. The upper airway obstruction that results from nasal congestion is a
known risk factor for sleep-disordered breathing events, i.e., apneas (momentary
absence of breathing), hypopneas (shallow/slow breathing), and snoring (Smolensky et
al., 2007). Compared to non-congested subjects, nasally congested allergic rhinitis
sufferers are at nearly double the risk of moderate to severe sleep-disordered breathing
(Young et al.,, 1997). Furthermore, allergic rhinitis sufferers are prone to fragmented
sleep, as demonstrated by a tenfold greater number of microarousals (brief
awakenings), compared to non-allergic rhinitis control subjects, that occur in
association with episodes of periodic breathing, hypopnea, and hyperpnoea (abnormal
deep/rapid breathing) during sleep (Lavie et al.,, 1981). The known consequences of
allergic rhinitis are several and include daytime fatigue and somnolence, poor daytime
performance, irritability and depression, and altered quality of life. Another yet to be
explored and feasible clinical consequence of allergic rhinitis and associated sleep apnea
disorder could include nocturnal (sleep-time) hypertension, which can increase one's
risk of renal, heart, and blood vessel pathology (Smolensky et al., 2007).
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Figure 3 - From: Okano et al,, 2009. Pathophysiology of allergic rhinitis. After allergens are
inhaled into the nasal mucosa of sensitized subjects, they bind to immunoglobulin (Ig)E on
the surface of mast cells, inducing the release of chemical mediators. The early-phase
response, which is characterized by sneezing, rhinorrhoea and nasal congestion, is the
response of the sensory nerve terminals and blood vessels on the nasal mucosa to these
chemical mediators. After the nasal exposure to allergen, infiltration of inflammatory cells.
This inflammation, referred to as the late-phase response, develops 6-10 h after allergen
challenge and causes prolonged nasal congestion.

Remodelling

'

Besides the symptoms of allergic rhinitis, it is necessary to understand the mechanisms
underlying the pathophysiology. The mechanisms of the 24-h pattern in allergic rhinitis
symptom occurrence and severity have yet to be completely elucidated. Here I present
an overview of what is known about the mechanisms.

When allergic rhinitis subjects inhale allergens, the allergens pass through the epithelial
tight junctions in the nasal mucosa to bind immunoglobulin E on the surface of mast
cells in the epithelial layer of the nasal mucosa. In the epithelial layer of the nasal
mucosa the release of chemical mediators including histamine, prostaglandins and
cysLTs by aggregation of FceRI is induced (Okano, 2009). Histamine regulates tight
junctions via the coupling of histamine receptors and increases paracellular
permeability (Flynn et al., 2009). This increased permeability allows dendritic cells to
penetrate epithelial tight junctions easily and enhance allergen presentation to T cells
(Takano et al., 2005).

Experimental studies reveal challenge of the nasal tissue of allergic rhinitis subjects with
specific allergens, e.g., grass pollens results in both early (developing within minutes)
and late (developing several hours later) phase responses (Smolensky, 2007).

The late-phase response, which may not be fully developed and manifested until 12-16
hours after the initial allergen exposure earlier in the day, primarily involves cellular
events, i.e., the elaboration, adhesion, and infiltration of circulating leukocytes, T cells,
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and eosinophils, in particular. Eosinophils when chemically activated release histamine,
prostaglandins, and leukotrienes, resulting in local vasomotor changes and local tissue
edema, inflammation, and injury, plus mucus secretion (Smolensky et al., 2007). The
early-phase response in allergic rhinitis typically evokes the symptoms of sneezing,
nasal itch, and rhinorrhea, while the late-phase response typically evokes the symptoms
of nasal congestion and obstruction due to the exacerbation of inflammation of the nasal,
sinus, and other tissue of the upper airway (Storms, 2004; Smolensky et al., 2007). The
worsening of nasal rhinorrhea and congestion nocturnally arises mainly from the
exacerbation of inflammation of the nasal mucosa as a manifestation of the late-phase
response to provoking environmental allergens encountered earlier in the day. The
greater severity of late-phase allergic rhinitis symptoms, i.e., nasal congestion,
obstruction, and rhinorrhea, than the early-phase response ones, could also involve key
neuroendocrine circadian rhythms. For example, cortisol, which modulates tissue
inflammation, attains near peak or peak blood concentration in the morning around the
time of commencing daily activity and remains elevated throughout the waking span;
cortisol declines in the late evening and reaches its lowest concentration of the 24 h
around the middle of the nighttime sleep period. The circadian rhythms in adrenaline
and noradrenaline may also be involved since they can play a role in controlling the
trafficking of eosinophils and the stability of their membranes. The circadian rhythm in
adrenaline could result in differential release of pro-inflammatory mediator substances
during the 24 h (Smolensky et al., 2007). In this regard, plasma histamine and other
eosinophil-derived mediators are circadian rhythmic in bronchial asthmatic subjects;
plasma histamine concentrations are greatest during the night when plasma adrenaline
and noradrenaline concentrations are lowest (Barnes et al., 1980).

In healthy individuals there is a good balance between the T-helper type 1 cells and the
T-helper type 2 cells. In allergic rhinitis patients there is an inbalance between the T-
helper type 1 cells and the T-helper type 2 cells with a surplus of the T-helper type 2
cells. The T-helper type 2 cells are the key effector cells in the mediation of allergic
diseases (Akdis et al., 2004). Early IL-4 and thymic stromal lymphopoietin (TSLP)
produced by basophils in response to allergens with protease activity may contribute to
the differentiation of T-helper type 2 cells. These T-helper type 2 cells induce the
production of immunoglobulin E by producing interleukins IL-4, IL-5 and IL-13 and
expressing CD40L (Romagnani et al., 1994). CD40L promotes the class switching of B
cells to immunoglobulin E (Okano, 2000). Interleukins such as IL-4, IL-5, IL-13 and
granulocyte-macrophage colony stimulating factor (GM-CSF) are produced mainly in T-
helper type 2 cells and mast cells. However, eosinophils also have the potential to
produce these cytokines (Hogan et al., 2008). Chemical mediators such as platelet-
activating factor (PAF), leukotriene B4 (LTB4), cysteinyl leukotrienes (cysLTs) and
thromboxane A2 (TXAZ2) are also released mainly from mast cells and eosinophils
(Durham et al., 1992). Chemokines such as eotaxin, chemokine ligand 5 (CCL5) and
thymus and activation regulated chemokine (TARC) are produced mainly in fibroblasts,
epithelial cells and vascular endothelial cells (Okano, 2009; Takahashi et al., 2006). Pro-
inflammatory cytokines such as tumor necrosis factor, TNF-q, are also produced and
participate in allergic inflammation (Marcucci et al., 2001; Iwasaki et al., 2003). The
sensitivity of the nasal mucosa to different stimulants increases along with the progress
of allergic inflammation in the nasal mucosa. The increased sensitivity is referred to as
the priming effect (Bousquet et al., 1996). The secondary reaction with inflammatory
cells and their mediators, especially the cysLTs produced by eosinophils, causes oedema
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of the nasal mucosa (Fujita et al., 1999; Okano 2009).

Much is known about the mechanism and pathophysiology of allergic rhinitis. Also
research has been done on the occurrence of symptoms over the day. Further research
is needed to indicate a circadian component in the immune response to allergic rhinitis.
The pattern in the occurrence of symptoms over the day gives an implication of a
circadian component. Although, when the occurrence of allergens is rhythmic over the
day there can be rhythmicity in the occurrence of symptoms over the day even when the
immune system acts independently on the time of the day. The pattern of occurrence of
symptoms over the day can be taken into account in the treatment of allergic rhinitis.
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Therapies

When not treated properly, allergic rhinitis can cause a severe chronic upper-airway
disease (Bousquet et al., 2009). Also allergic rhinitis can cause a decrease in the quality
of life. Patients can have difficulties as fatigue, irritability and reduced alertness. These
difficulties can lead to lower work performance in adults and a learning impairment in
children (Arrighi et al., 1996). Allergic rhinitis impairs the health related quality of life as
much as asthma (Leynaert et al., 2000). Appropriate treatment of allergic rhinitis is
important to prevent the accumulation into a severe chronic upper-airway disease as
well to maintain the quality of life. The therapeutic approach contains: avoiding
allergens, pharmacotherapy and immunotherapy.

Allergen avoidance

The immune response is activated by allergens. When allergens are completely avoided
the immune response won'’t be activated. Complete avoidance and reduction of allergens
is very hard to achieve. Pollen cannot access the nasal mucosa when a nasal filter is
used, leading to reduction of the symptoms of allergic rhinitis (O’Meara et al., 2005).
Pollen are the key allergens of allergic rhinitis, the non-specific stimuli, e.g. changes in
temperature and pollution should be avoided as well. Reduction of pollen can be
established through limiting the amount of time spent out-doors, especially during peak
pollen seasons. In-doors the use of an air conditioner and keeping the windows closed
are of help.

Pharmacotherapy

Pharmacotherapy is the treatment of disease through the administration of drugs. There
is a variety of types of pharmacotherapy to allergic rhinitis e.g. histamine-receptor
antagonists also antihistamines, decongestants, and anti-inflammatory drugs
(luekotriene-receptor antagonists and modifiers and aerosol glucocorticoid).
Antihistamines and corticosteroids are the major used types of pharmacotherapy in
treatment of allergic rhinitis.

Antihistamines

Antihistamines are the first-line of pharmacological treatments recommended for all
patients with allergic rhinitis. These agents have been found to effectively reduce
sneezing, itching and rhinorrhea when taken regularly at the time of maximal symptoms
or before exposure to an allergen. Older types of antihistamines have a negative impact
on cognition and functioning and, therefore, they are not routinely recommended for the
treatment of allergic rhinitis (Small et al., 2007).

Corticosteroids

Intranasal corticosteroids are also first-line therapeutic options for patients with allergic
rhinitis. When used regularly and correctly, intranasal corticosteroids effectively reduce
inflammation of the nasal mucosa and improve mucosal pathology. Studies and meta-
analyses have shown that intranasal corticosteroids are superior to antihistamines and
leukotriene receptor antagonists in controlling the symptoms of allergic rhinitis,
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including nasal congestion, and rhinorrhea (Yanez et al., 2002). They have also been
shown to improve ocular symptoms and reduce lower airway symptoms in patients
with concurrent asthma and allergic rhinitis (Watson et al., 1993). Ideally, intranasal
corticosteroids are best started just prior to exposure to relevant allergens and, because
their peak effect may take several days to develop, they should be used regularly (Lee et
al.,, 2009).

It is important to note that most patients with allergic rhinitis presenting to their
primary-care physician have moderate-to-severe symptoms and will require an intra-
nasal corticosteroid. Bousquet et al. (2003) noted improved outcomes in patients with
moderate-to-severe symptoms treated with a combination of these agents.

Oral corticosteroids have also been shown to be effective in patients with severe allergic
rhinitis that is refractory to treatment with oral antihistamines and intranasal
corticosteroids (Lee et al., 2009). Intramuscular corticosteroid injections are associated
with potentially severe adverse events such as systemic side effects and subcutaneous
and muscular necrosis and are therefore not recommended (Nasser et al., 2001).

Immunotherapy

By contrast with symptom suppression by pharmacotherapy, immunotherapy aims to
alter the immune system by sensibilize it through allergens and could represent a cure
for allergic rhinitis. Subcutaneous immunotherapy is effective in people with allergic
rhinitis, with long-lasting reduction of symptoms and drug requirements, and it seems
to prevent new sensitisations and asthma (Calderon et al., 2008; Greiner et al., 2011).
Allergen immunotherapy involves the subcutaneous administration of gradually
increasing quantities of the patient’s relevant allergens until a dose is reached that is
effective in inducing immunologic tolerance to the allergen. Allergen immunotherapy
can be used when symptoms of allergic rhinitis are not controlled sufficiently with
pharmacotherapy or who get side effects from drugs that restrict treatment choices.
Although subcutaneous allergen immunotherapy is effective, a small but definite risk of
inducing a systemic allergic reaction is possible, which arises in less than 0-1% of those
treated. Patients should only be given subcutaneous allergen immunotherapy in clinics
supervised by doctors who are trained and skilled in adjustment of doses of
immunotherapy. Because of the risk of severe systemic side effects, patients need to be
observed for 30-60 min after injection. The injections should only be undertaken in
medical settings where resuscitation equipment and expertise are available.

Sublingual immunotherapy is also effective in adults and children (Canonica et al.,
2009). It seems to be safer than subcutaneous immunotherapy because side-effects are
usually restricted to the upper airways and gastrointestinal tract; rare anaphylactic
episodes, but no deaths, have been reported (James et al., 2008). Although patients will
be able to self-administer the sublingual formulation, close monitoring by a physician
will still be required. Evidence suggests that clinical and immunological benefits of
sublingual immunotherapy persist after 3 years of continuous use similar to benefits
noted with subcutaneous immunotherapy. Furthermore, local oral changes unique to
sublingual immunotherapy are seen (Durham et al., 2010; Greiner et al., 2011). Although
further studies on longevity and concordance, especially in children, are needed, there is
some cautiously optimism about sublingual immunotherapy as an effective treatment
and possible preventer of asthma (Kuo et al., 2009). Note that mild, intermittent allergic
rhinitis can generally be managed effectively with avoidance measures and oral
antihistamines.
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Knowing at which time of the day symptoms of allergic rhinitis occur, the time of
treatment can be adjusted so that the treatment is most effective. Treatments can have
side effects. Especially in the case of immunotherapy the side effects can be very
dangerous. The occurrence of the symptoms over the day can be taken into account to
avoid major reactions of side effects.

Chronopharmacology

Chronopharmacology is the study of biological rhythm influences, in relation to drug
administration-time, on the pharmacokinetics and dynamics of medications and other
chemical substances. Chronotherapy is either the delivery of medications in synchrony
with endogenous biological rhythms to optimize treatment outcomes or the timed
delivery of medications according to biological rhythm determinants to minimize or
avoid troublesome and/or dose-limiting adverse events. In certain instances
chronotherapy also entails the high frequency-modulated delivery of therapeutic agents
(Smolensky et al., 2007).

Even though a large segment of the population suffers from allergic rhinitis, so far only
the chronopharmacology of histamine-receptor antagonist medications have been
explored (Smolensky et al., 2007).

Effect of antihistamine

The area of the cutaneous reactions to histamine, as well as several different antigens
like house dust, grass pollens, and feathers, in persons is threefold greater on average in
tests conducted in the evening, between 19:00 h and 23:00 h, than in the morning,
between 7:00 h and 11:00 h (Smolensky et al., 2007). The high-amplitude circadian
rhythm in the cutaneous reaction to histamine and antigens invalidates the findings of
before-after test paradigms used to assess the potency, effect duration, and other
pharmacodynamic parameters of antihistamine medications. The magnitude of the
cutaneous reaction to intradermally injected histamine solution increases in a near
linear manner from the morning to late evening and declines in a near linear manner
from the late evening to morning. (Smolensky et al., 2007; Lee et al., 1977).

Histamine House Dust

Skin Response as % 24-Hour Mean

. i/lnduralion

60— Mean + SE

7 am 3pm 11 pm 7 am 3 pm 11 pm
Time (Clock Hour)

Figure 4 - Circadian rhythm in skin reactivity to intradermal injections of histamine, a
mediator of allergic reactions (11 subjects) and house dust antigen (7 subjects). Tests were
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conducted at 4-h intervals using sites of comparable cutaneous reactivity on the forearms.
For histamine, reactivity is highest between 7 and 11 p.m., exceeding by 40% the 24-h
mean area of the respective erythema and induration values, and it was lowest at 7 a.m., by
40% of the respective 24-h mean areas. (Figure drawn by Smolensky et al., 2007 using data
of Leeetal, 1977).

The chronotherapy of allergic rhinitis takes into consideration the 24-h pattern in the
manifestation and intensity of symptoms and known circadian differences in the
pharmacodynamics of individual therapies (Smolensky et al., 2007). The subsequent
discussion of the chronotherapy of allergic rhinitis focuses exclusively on histamine-
receptor antagonist medications, since only these have been tested by acceptable
investigative methods. The chronotherapy of other commonly prescribed medications,
such as gluco-corticoids, luekotriene antagonists, vagolytics, and mast cell stabilizers,
has yet to be explored in allergic rhinitis (Smolensky et al., 2007).

Surprisingly few studies have explored the role of the administration time of the
histamine-receptor antagonists as a means of better controlling symptoms or drug-
associated adverse effects.

Smolensky et al. (2007) reviewed the study of Reinberg et al. (1985). The
administration-time differences in the effects of histamine-receptor antagonist
mequitazine through a large multicenter study involving 1053 French allergic rhinitis
patients. Different dose and morning and evening treatment-time schedules of
mequitazine were trialed in comparable groups of adult allergic rhinitis subjects.
Participants did self-assessments of allergic rhinitis symptom intensity as well as
adverse drug effects at four equally spaced times during the daytime for a control day
and thereafter for at least six consecutive days during treatment with one of seven
different mequitazine regimens. Mequitazine was effective in moderating the morning
peak and overall 24-h mean level of allergic rhinitis symptom intensity no matter the
schedule trialed. However, its therapeutic effect was optimized when two-thirds or the
entire daily dose was ingested around dinnertime. The medication was least effective
when most or all the daily dose was ingested in the morning. Evening administration of
the 10 mg dose was especially effective for persons who exhibited very prominent
morning allergic rhinitis symptoms. No sedative effect of this histamine-receptor
antagonist was observed, no matter the dosing time or schedule. The chronotherapy of
the histamine-receptor antagonist medication mequitazine thus entails a treatment
regimen in which most or the entire daily dose is ingested in the evening (Reinberg et
al,, 1985; Smolensky et al., 2007).

Research has been done on the effect of the time of administration of antihistamine on
occurrence of symptoms in the morning. The antihistamines were most effective when
taken in the evening. There is a circadian component in the occurrence of the symptoms
of allergic rhinitis. By adjusting the time of treatment on the circadian component, the
peak of effectiveness of the medication can be matched to the peak of the symptoms.
Immunotherapy aims to alter the immune system by sensibilization. By taking the
circadian component of the occurrence of the symptoms and the availability of pollen
into account, the time of the treatment can be adjusted so that side effects can be limited.
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Figure 5 - From Smolensky et al.,, 2007 based on data from Reinberg et al, 1985
Chronoeffectiveness of the antihistamine (10 mg) mequitazine evaluated by control of the
morning allergic rhinitis symptoms — sneezing, nasal congestion, and nasal rhinorrhea —
of 98 allergic rhinitis subjects experiencing very intense morning symptoms of allergic
rhinitis. Mequitazine, in comparison to the control baseline condition, reduced the severity
of all the allergic rhinitis symptoms whether ingested in the morning or evening; however,
evening dosing exerted best effect (p .005).

18



Discussion

In this bachelor thesis the effect of the time of day on the symptoms related to allergic
rhinitis is discussed. There has been given insight on effect of the time of day in the
availability of the key allergens of allergic rhinitis, how the immune system responds to
allergens in allergic rhinitis, how the immune response is influenced by circadian
rhythmicity. Also therapies on allergic rhinitis and their effectiveness related to the time
of day are discussed.

In pollen, the key allergens in allergic rhinitis, there is no consistent circadian pattern.
The emission of pollen depends mostly on weather conditions, but also on the taxa of the
plant or tree. As a consequence there is large day to day variation. Yet, on average, a
peak of airborne pollen can be found between 12:00 h and 16:00 h and a second peak
during the night. These peaks occur when advection is from dry inland source areas. The
concentration of airborne grass pollen is always low when the advected source area is
wet by rain, dew or fog.

People living or working in large urban areas are more likely to suffer from allergic
rhinitis than those from rural areas (Emanuel 1988). The peak concentrations occur
mostly in the late afternoon and early evening, a time when many people are outdoors,
returning from work, and so will be exposed to high concentrations of pollen.

Each of the allergic rhinitis symptoms was found to occur most frequently before
breakfast and in the morning and least frequently in the middle of the day. Major
symptoms are: sneezing, nasal congestion, rhinorrhea and nasal pruritus. After waking
up, most people do not go outside before breakfast, so they won’t have contact with
pollen. Therefore the occurring symptoms in the morning have to be a delayed reaction
to allergens. The early phase response of the immune system occurs within minutes
after contact with allergens. The early-phase response represents the cascade of
multiple mediators leading to sneezing, rhinorrhea and nasal congestion. The late phase,
occurring several hours after contact with allergens, is mediated by molecular/cellular
factors leading to inflammation of the nasal mucosa.

There are different types of treatment including pharmacotherapy and immunotherapy.
Also avoidance is seen as a treatment to allergic rhinitis, effective but hard to
accomplish. Immunotherapy is the second line of defense for a structural approach to
desensitize the immune response. Antihistamines and corticosteroids are the major
used types of pharmacotherapy in treatment of allergic rhinitis. Research has been done
on the effect of the time of administration of antihistamine on occurrence of symptoms
in the morning. The antihistamines were most effective when taken in the evening.

As indicated above, the availability of pollen is high in the afternoon and early evening.
Therefore it is expected that the symptoms of the early phase will occur mostly in the
afternoon and early evening. This seems not to be the case, the symptoms of the early
phase are indicated to occur mostly in the morning. Antihistamine prevents the release
of histamine, which is released just after contact with allergens. This lowers the early
phase response as well as the late phase response. When antihistamine is taken just
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after contact with allergens, the antihistamines are expected to be more effective. This is
supported by the study of Reinberg et al., 1985 which indicates a more effective evening
dose than the morning dose of antihistamines.

In pollen there seems to be a circadian component, although there is a great influence of
weather conditions and wind direction and speed. There is a circadian pattern in the
occurrence of symptoms of allergic rhinitis; a circadian pattern in the mechanism of the
immune system has yet to be determined. The circadian component in the occurrence of
symptoms of allergic rhinitis can be taken into account in the treatment of allergic
rhinitis. There are circadian influences on allergic rhinitis, although further research,
especially on the mechanism of the immune system has to be done.
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