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Abstract

As one of the candidates of the therapeutic strategy for asthma in addition to
inhaled corticosteroids (ICS), leukotriene receptor antagonists (LTRAs) are
known to be useful for long-term management of asthma patients complicated
by allergic rhinitis (AR) or exercise-induced asthma (EIA). Currently available
LTRAs are pranlukast hydrate, zafirlukast, and montelukast. These LTRAs have
a bronchodilator action and inhibit airway inflammation, resulting in a signifi-
cant improvement of asthma symptoms, respiratory function, inhalation fre-
quency of as-needed inhaled P2-agonist, airway inflammation, airway
hyperresponsiveness, dosage of ICSs, asthma exacerbations, and patients’
QOL. Although cys-LTs are deeply associated with the pathogenesis of asthma,
LTRAs alone are less effective compared with ICS. However, the effects of
LTRAs in combination with ICS are the same as those of LABAs in combination

T. Tamada (0<]) « M. Ichinose

Department of Respiratory Medicine, Tohoku University Graduate School of Medicine,
1-1 Seiryo-machi, Aoba-ku, Sendai 980-8574, Japan

e-mail: tamada@rm.med.tohoku.ac.jp; ichinose@rm.med.tohoku.ac.jp

© Springer International Publishing AG 2016
Handbook of Experimental Pharmacology, DOI 10.1007/164_2016_72


mailto:tamada@rm.med.tohoku.ac.jp
mailto:ichinose@rm.med.tohoku.ac.jp

T. Tamada and M. Ichinose

with ICS in steroid-naive asthmatic patients. Concerning antiallergy drugs other
than LTRAs, some mediator-release suppressants, H1 histamine receptor
antagonists (H1RAs), thromboxane A2 (TXA2) inhibitors/antagonists, and
Th2 cytokine inhibitor had been used mainly in Japan until the late 1990s.
However, the use of these agents rapidly decreased after ICS/long acting beta
agonist (LABA) combination was introduced and recommended for the man-
agement of asthma in the early 2000s. The effectiveness of other antiallergic
agents on asthma management seems to be quite limited, and the safety of oral
antiallergic agents has not been demonstrated in fetuses during pregnancy.
Further effectiveness studies are needed to determine the true value of these
orally administered agents in combination with ICS as an anti-asthma treatment.

Keywords
HIRA « LTRA « Mediator-release suppressant « Th2 cytokine inhibitor « TXA?2
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1 Leukotriene Receptor Antagonists (LTRAs)
1.1 Pharmacology of Leukotrienes and Its Receptors

Cysteinyl leukotrienes (cys-LTs) are produced in eosinophils, basophils, mast cells,
macrophages, and myeloid dendritic cells, involving several steps including the
oxidation of arachidonic acid by 5-lipoxygenase (5-LO) (Laidlaw and Boyce 2012;
Kanaoka and Boyce 2004, 2014; Clark et al. 1990). After the unstable epoxide
LTAA4 is synthesized, LTC4 synthase (LTC4S) conjugates LTA4 to reduced gluta-
thione, forming LTC4, the parent of the cys-LTs (Reid et al. 1990; Lam et al. 1994).
Once formed, LTC4 is transported to the extracellular space via the ATP-binding
cassette (ABC) transporters 1 and 4 and then metabolized to LTD4 and LTE4 by
y-glutamyl transpeptidases and dipeptidases, respectively. The rapid extracellular
metabolism of LTC4 and LTD4 results in short biologic half-lives relative to the
stable mediator LTE4, which is abundant and readily detected in biologic fluids.
Thus, three different ligands (LTC4, LTD4, and LTE4) arise from a single intracel-
lular synthetic event by successive enzymatic conversions (Laidlaw and Boyce
2012; Kanaoka and Boyce 2014). In addition to this intracellular pathway, there is
also a transcellular mechanism for cys-LTs generation that can be carried out by
cells that express LTC4S but not the proximal enzyme 5-LO in the pathway (e.g.,
platelets, endothelial cells). In the latter mechanism, the LTC4S-expressing cells
can convert extracellular LTA4 (released by neutrophils or other cells with an
active 5-LO enzyme) (Maclouf et al. 1994) and may serve as an additional source
of cys-LTs in certain inflammatory states (Laidlaw and Boyce 2012).

The bioactivities of the cys-LTs in the preclinical setting, particularly their
potency as smooth muscle constrictors, spurred interest in these mediators as
potential therapeutic targets in asthma (Laidlaw and Boyce 2012). The ability to
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monitor urinary levels of LTE4 as a reflection of systemic cys-LT generation
in vivo provided the proof that cys-LTs are generated by subjects with acute asthma
exacerbations (Drazen et al. 1992). Individuals with aspirin-induced asthma (AIA)
have especially high baseline levels of urinary LTE4 and a marked further incre-
ment in these levels in response to oral challenge with aspirin (Christie et al. 1991).
The role of cys-LTs in asthma has been well validated by clinical trials using the
available drugs. The 5-LO inhibitor and selective antagonists of CysLT1 receptor
both improve lung function, reduce the frequency of asthma exacerbations
(Laidlaw and Boyce 2012; Liu et al. 1996; Israel et al. 1996), and reduce the
severity of reactions to aspirin challenge in individuals with AIA (Berges-Gimeno
et al. 2002).

While the three cys-LTs (C4, D4, E4) share certain functions in vivo, including
smooth muscle contraction and vascular leak (Weiss et al. 1982a; Griffin
et al. 1983), important differences were identified in early studies that suggested
additional and distinct functions for each. Pharmacological profiling of guinea pig
lung demonstrated that LTC4 and LTD4 were equipotent as constrictors, whereas
LTE4 was inactive (Laidlaw and Boyce 2012). Remarkably, however, LTE4 was
ten times more potent for inducing guinea pig tracheal ring contractions in vitro
than LTC4 or LTD4 (Lee et al. 1984; Drazen et al. 1982). Together, these in vitro
and in vivo functional findings predicted the existence of at least three receptors for
cys-LTs: a high-affinity receptor for LTD4, a lower-affinity receptor for LTC4, and
a separate receptor for LTE4, with the latter potentially capable of eliciting the
secondary production of a prostanoid (Laidlaw and Boyce 2012).

Studies on human subjects also provided compelling evidence for the existence
of at least three receptors for cys-LTs (Weiss et al. 1982a, b, 1983). Unlike
non-asthmatic subjects, asthmatic subjects were much more sensitive to LTE4 in
terms of bronchoconstriction (Davidson et al. 1987). However, asthmatic and
non-asthmatic subjects had equivalent dose responses to LTC4 and LTD4 (Griffin
et al. 1983). Moreover, subjects with AIA demonstrated even greater sensitivity to
LTE4-induced bronchoconstriction than did aspirin-tolerant asthmatic controls
(Christie et al. 1993). In another study, inhalation of LTE4, but not of LTD4,
provoked the accumulation of eosinophils and basophils into the bronchial mucosa
and sputum of asthmatic subjects when the two cys-LTs were administered at doses
titrated to produce an equivalent degree of bronchoconstriction (Gauvreau
et al. 2001). Inhalation of LTE4 also enhanced the sensitivity of asthmatic subjects
to histamine-induced bronchoconstriction, an effect that was blocked by
pretreatment with oral indomethacin (Christie et al. 1992). These studies support
the concept that LTE4 acts through a receptor(s) that is distinct from those respon-
sible for the actions of LTC4 and LTD4 and suggest that the expression and/or
function of the LTE4 receptor may be selectively upregulated in asthma, specifi-
cally enhancing the pulmonary responsiveness to it (Laidlaw and Boyce 2012).

The CysLT1 and CysLT2 receptors are both G-protein-coupled receptors
(GPCRs) and were cloned and characterized several years after the original descrip-
tive pharmacology predicted their properties (Laidlaw and Boyce 2012). Human
and mouse CysLT1 receptors are 87 % identical (Mollerup et al. 2001), and the



T. Tamada and M. Ichinose

CysLT?2 receptors are 74 % identical (Hui et al. 2001), suggesting a high level of
functional conservation through evolution. Both receptors are structural
homologues of the purinergic (P2Y) receptors, which are specialized to recognize
extracellular nucleotides, with 25-34 % identity at the amino acid level (Mellor
et al. 2001). The CysLT1 receptor binds LTD4 with high affinity (10~ M) and
LTC4 with lesser affinity (10~ M), whereas the CysLT2 receptor binds both LTC4
and LTD4 with equal affinity (10~® M) (Laidlaw and Boyce 2012). Neither receptor
exhibits substantial affinity for LTE4 in radioligand binding assays, nor does LTE4
elicit strong signaling responses in cells expressing CysLT1 receptor or CysLT2
receptor in isolation (Lynch et al. 1999; Heise et al. 2000). It is therefore unlikely
that the pharmacology of LTE4 in vivo is attributable to the CysLT1 receptor and
CysLT2 receptor alone (Laidlaw and Boyce 2012). The CysLT1 and CysLT2
receptors are broadly expressed by structural and hematopoietic cells. Some cell
types (vascular smooth muscle) express mostly CysLT1 receptors (Heise
et al. 2000), whereas others (endothelial cells) dominantly express CysLT2
receptors (Hui et al. 2001). Both receptors are expressed by cells of the innate
(macrophages, monocytes, eosinophils, basophils, mast cells, dendritic cells) and
adaptive (T cells, B cells) immune system, implying potentially cooperative
functions in immunity and inflammation (Kanaoka and Boyce 2004, 2014).
Although the CysLT1 and CysLT?2 receptors both mediate calcium flux and activate
signaling cascades, the blockade or knockdown of CysLT1 receptors in mast cells
eliminated most LTD4-mediated signaling despite the presence of CysLT2
receptors on these cells (Laidlaw and Boyce 2012; Mellor et al. 2001, 2003; Jiang
etal. 2007). CysLT1 receptors and CysLT2 receptors were found to heterodimerize
in primary mast cells, a relatively common feature of GPCRs, which recognize
similar ligands (Franco et al. 2007). Thus CysLT2 receptors, by interacting with
CysLT]1 receptors, limit the surface expression levels and signaling ability of the
latter receptors, at least on mast cells. The absence of CysLT2 receptors may also
facilitate the formation of CysLT1 receptor homodimers (Lynch et al. 1999) that are
strong signaling units for LTD4 (Laidlaw and Boyce 2012).

1.2 Clinical Use of LTRAs

A currently available LTRA is a CysLT1 receptor antagonist. Three types of
LTRAs are available: pranlukast hydrate, zafirlukast, and montelukast. LTRAs
have a bronchodilator action and inhibit airway inflammation (Minoguchi
et al. 2002; Hui and Barnes 1991), resulting in a significant improvement of asthma
symptoms, respiratory function, inhalation frequency of as-needed inhaled (2-
agonist, airway inflammation, airway hyperresponsiveness, dosage of inhaled
corticosteroids (ICSs), asthma exacerbations, and patients’ QOL (Tohda
et al. 2002; Tamaoki et al. 1997; Drazen et al. 1999).

In several multicenter, randomized, double-blind trials, the usefulness of LTRAs
has been investigated as candidate medications to control chronic asthma.
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When estimated by FEV1 and symptoms, montelukast significantly improved
asthma control during a 12-week treatment period (Reiss et al. 1998). Note that
90 % of the participants had histories of allergic rhinitis (AR) and exercise-induced
asthma (EIA) in this study. Concerning EIA, unlike salmeterol, montelukast
showed a sustained bronchoprotective effect throughout 8 weeks of the study
(Edelman et al. 2000). Additionally, as compared with placebo, montelukast
provided significant protection against EIA over a 12-week period and with neither
tolerance to the medication nor a rebound worsening of lung function after discon-
tinuation of the treatment (Leff et al. 1998). Although montelukast provides a rapid
improvement in FEV1 to patients with chronic asthma, montelukast alone is less
effective compared with low doses of ICSs (Peters et al. 2007; Malmstrom
et al. 1999) (Fig. 1). On the other hand, LTRAs are known to be useful as agents
used concomitantly with an ICS in patients with asthma that cannot be completely
controlled even with a medium dose of an ICS, because the additional administra-
tion of LTRAS is as effective as a double dose of an ICS (Wada et al. 2000; Price
et al. 2003; Laviolette et al. 1999). Additionally, the effects of LTRAs plus ICSs are
reported to be the same as those of LABAs plus ICSs in steroid-naive asthmatic
patients (Peters et al. 2007; Price et al. 2011). There are some reports providing
evidence for the advantages of LTRAs plus ICSs. Not only inhaled fluticasone
(1000 pg/day) for 2 weeks but also oral prednisolone (60 mg/day) for 1 week did
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Fig. 1 Distribution of treatment responses for FEV1. The response distributions are shown as
histograms for predefined intervals of percentage change in FEV1. Of the montelukast recipients,
42 % had an improvement in FEV1 of at least 11 % from baseline (this was the median response of
beclomethasone recipients; that is, 50 % of the beclomethasone recipients had an improvement in
FEV1 of at least 11 % from baseline). The proportions of patients who did not show an improve-
ment in FEV1 were 22 % with beclomethasone and 34 % with montelukast. Striped bars represent
patients receiving montelukast, 10 mg once daily; white bars represent patients receiving inhaled
beclomethasone, 200 pg twice daily. [From reference Malmstrom et al. 1999]
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not decrease the LTE4 levels in bronchoalveolar lavage fluids (BALF) (Dworski
etal. 1994) and those in urine (O’Shaughnessy et al. 1993). Concerning the effect of
LTRA versus LABA added to ICS on asthma controls in patients whose symptoms
are inadequately controlled with ICS alone, montelukast used in combination with
fluticasone is less effective in improving symptoms and respiratory function and is
almost equivalent in preventing exacerbations, when compared with salmeterol in
combination with fluticasone (Bjermer et al. 2003; Ilowite et al. 2004). In some
patients, respiratory function improves early after the oral administration of an
LTRA (in several hours at the earliest, on the following day at the latest) (Hui and
Barnes 1991); however, anti-inflammatory effects develop later. Thus, efficacy is
generally judged 2—4 weeks after administration.

The potential usefulness of LTRAs for relief from acute asthma has been also
investigated. In a study that compared the effect of a single dose of intravenous
montelukast (7 mg), oral montelukast (10 mg), and placebo on FEV1 in patients
with chronic asthma, the onset of action for intravenous montelukast was faster than
that for oral montelukast, and the improvement in airway function lasted over the
24 h observation period for both treatments (Dockhorn et al. 2000). It was also
reported that intravenous montelukast added to the standard care produced signifi-
cant and sustained relief of airway obstruction throughout the 2 h after drug
administration, with an onset of action as early as 10 min (Camargo et al. 2010).

As a whole, LTRAs are generally useful for long-term management of patients
with asthma complicated by AR (Price et al. 2006), EIA (Leff et al. 1998), and AIA
(Dahlen et al. 2002).

While more reports have been published about EGPA patients who have
received an LTRA than about those who have received other antiasthmatic drugs,
no conclusion has been reached as to whether an LTRA can directly cause the onset
of EGPA (Beasley et al. 2008; Nathani et al. 2008). LTRAs are generally safe
drugs, although zafirlukast should be used with caution because it may cause severe
liver dysfunction and interact with other agents, such as warfarin, since it is
metabolized by CYP2C9. It was recently reported that CYP2CS8, but neither
CYP2C9 nor CYP3A4, contributes to the metabolism of montelukast at clinically
relevant concentrations (Filppula et al. 2011; Karonen et al. 2012). LTRAs seem to
be relatively safe for pregnant women. In 2008, the US Food and Drug Adminis-
tration (FDA) first issued a safety alert concerning a potential association between
montelukast and increased risk of suicide. However, more recent studies found that
the use of LTRAs was not associated with an increased risk of suicide attempts in
children, adolescents, and young adults with asthma. Further research needs to be
conducted to more fully understand the association between LTRAs and suicide
(Manalai et al. 2009; Schumock et al. 2012; Philip et al. 2009).
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2 Antiallergic Agents Other Than LTRAs

Antiallergic agents include either mediator-release suppressants or mediator
inhibitors and are effective in 30-40 % of the patients with mild-to-moderate atopic
asthma, although an administration period of 4-6 weeks or longer is needed to
determine their efficacy (Furukawa et al. 1999). The antiallergic agents presented
here had been used mainly in Japan, but the use of these agents rapidly decreased
after inhaled corticosteroids (ICSs) were introduced in the late 1990s. The safety of
oral antiallergic agents has not been demonstrated in fetuses during pregnancy.

2.1 Mediator-Release Suppressants

2.1.1 Pharmacology of Mediator-Release Agents

The anti-inflammatory and antiallergic effect of disodium cromoglycates (DSCG)
was shown to work in a dose-dependent fashion through the inhibition of
IgE-stimulated mediator release from human mast cells (Netzer et al. 2012;
Leung et al. 1988). Recent research has specifically demonstrated that the
cromoglycates are potent GPCR35 agonists and that GPCR35 is expressed in
human mast cells, basophils, and eosinophils (Kay et al. 1987). GPCR35 mRNA
is upregulated upon challenge with IgE antibodies, and cromoglycates may work by
dampening the effects of this interaction. DSCG also demonstrated a cell-selective
and mediator-selective suppressive effect on macrophages, eosinophils, and
monocytes (Yang et al. 2010). DSCG was demonstrated to have anti-inflammatory
effects in a study performed using biopsies of bronchial mucosa in nine patients
with asthma before and after treatment with inhaled DSCG by a metered-dose
inhaler (MDI) (Hoshino and Nakamura 1997). The numbers of eosinophils, mast
cells, T-lymphocytes, and macrophages were significantly reduced as a result of
DSCQG, and the expressions of intercellular adhesion molecule-1 (ICAM-1), vascu-
lar cell adhesion molecule-1 (VCAM-1), and endothelial leukocyte adhesion
molecule-1 (ELAM-1) were also significantly reduced (Hoshino and Nakamura
1997). Head-to-head comparison of DSCG with beclomethasone dipropionate
(BDP) revealed similar anti-inflammatory effects between DSCG and BDP in
terms of reduced mucosal populations of eosinophils, mast cells, and
T-lymphocytes (Hoshino et al. 1998). A review article revealed that DSCG has a
protective effect in reducing bronchial hyperreactivity if it is used continuously for
longer than 12 weeks (Hoag and McFadden 1991).

2.1.2 Clinical Use of DSCG

The main effect of mediator-release suppressants is inhibiting the release of chemi-
cal mediators from mast cells. It is reported that the long-term use of inhaled DSCG
inhibits airway inflammation in adult patients with atopic asthma (Hoshino and
Nakamura 1997; Hoag and McFadden 1991). Because DSCG has been
recommended as a maintenance treatment for children with moderate asthma, it
has been mainly used in children with asthma (Tasche et al. 2000). DSCG is
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supposed to be effective in 60 % of cases (Warner 1989), and no serious side effects
have been reported in trials (Tasche et al. 2000). However, the use of DSCG has
decreased since the 1990s, while the use of ICS is increasing, even in young
children (Price and Weller 1995; Warner 1995).

2.2 Histamine H1 Antagonists

2.2.1 Pharmacology of Histamine and Its Receptors

Histamine was first identified as a mediator of biological functions in the early
1900s, and drugs targeting its receptors have been in clinical use for more than
60 years. It is widely known that histamine is increased in the BALF from patients
with allergic asthma, and this increase negatively correlates with airway function
(Wenzel et al. 1988; Wardlaw et al. 1988; Liu et al. 1990; Jarjour et al. 1991; Casale
et al. 1987; Broide et al. 1991). During inflammation, histamine is released from
preformed stores in mast cells and basophils. Histamine acts on vascular smooth
muscle cells and endothelial cells, leading to vasodilation and an increase in
vascular permeability (Thurmond et al. 2008). All of the receptors for histamine
are of the GPCR family. In general, it has been found that many cells involved in
inflammatory responses express H1, H2, and H4 receptors. H1 receptors couple to
Gq proteins leading to phospholipase C activation, inositol phosphate production,
and calcium mobilization (Bakker et al. 2002). H2 receptors activate Gas and
increase cyclic AMP formation (Bakker et al. 2002). Activation of the H4 receptor
appears to be mainly coupled to pertussis toxin-sensitive Gai/o proteins, which
signal through increases in the intracellular calcium (Thurmond et al. 2008). H1
receptors are expressed on multiple cell types including endothelial cells and
smooth muscle cells, where they mediate vasodilation and bronchoconstriction.
HI1 histamine receptor antagonists (H1RAs), such as diphenhydramine and
loratadine, have been used for many years in the treatment of allergic inflammatory
responses. Indeed, airway hyperresponsiveness to histamine is one of the hallmarks
of asthma, and the plasma histamine concentrations are elevated during the early
and late responses to inhaled allergens and may also increase during spontaneous
acute asthma episodes. However, ordinary doses of currently available HIRAs have
minimal bronchodilator and bronchoprotective activity, and HIRAs have no sig-
nificant clinical effect in severe persistent asthma (Simons 1999). To date, it is
unlikely that monotherapy with most currently available HIRAs will provide
significant clinical benefit in asthma (Lordan and Holgate 2002).

2.2.2 Clinical Use of Histamine H1 Antagonists

Specific HIRA completely inhibited histamine-induced bronchoconstriction but
failed to completely inhibit inhaled allergen-induced bronchoconstriction (Rafferty
et al. 1987). Additionally, singular treatment with HIRA or LTRA caused signifi-
cant reductions in the mean maximal fall in FEV1 during the early asthmatic
reactions (EAR) and late asthmatic reactions (LAR), but the efficacy of HIRA
was inferior to that of LTRA (Roquet et al. 1997). HIRAs are not currently a
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frontline treatment for asthma (Thurmond et al. 2008; Ohta et al. 2014; Global
Initiative for Asthma (GINA) 2014). HIRAs are beneficial for asthma accompanied
by allergic rhinitis or atopic dermatitis. Adverse effects may include sleepiness and
malaise.

2.3 Thromboxane A2 (TXA2) and Its Receptors

2.3.1 Pharmacology of TXA2 and Its Receptors

Like cys-LTs (C4, D4, E4), TXAZ2 is a lipid mediator that powerfully contributes to
the airflow limitation by constricting bronchial smooth muscles, increasing mucous
secretion and microvascular leakage, and acting as a chemoattractant for inflam-
matory cells such as T-lymphocytes, eosinophils, and activated mast cells (Rolin
et al. 2006). TXA?2 is generated by thromboxane synthase, which belongs to the
cytochrome P450 superfamily (Tanabe and Ullrich 1995; Nusing et al. 1990). Due
to its prothrombotic and vasoconstrictor effects, this prostanoid is the physiological
antagonist of prostacyclin (Rolin et al. 2006). The human TXA2 receptor termed TP
was the first eicosanoid receptor cloned (Hirata et al. 1991). Two isoforms of this
receptor were described: TPa and TPp. Both isoforms functionally couple to a Gq
protein leading to phospholipase C activation, calcium release, and the activation of
protein kinase C (Huang et al. 2004; Shenker et al. 1991; Dorn and Becker 1993).
Nevertheless, they couple oppositely to adenylate cyclase. TPa activates adenylate
cyclase, while TP inhibits this enzyme (Hirata et al. 1996). TXA2 is mainly
produced by platelets, monocytes, macrophages, neutrophils, and lung parenchyma
(Nusing et al. 1990; Widdicombe et al. 1989; Higgs et al. 1983; Hamberg
et al. 1975). TXAZ2 is a potent stimulator of platelet shape change and aggregation
as well as a potent stimulator of smooth muscle constriction and proliferation and
bronchial hyperresponsiveness (Kurosawa 1995). TXA2 plays a crucial role in the
pathogenesis of bronchial asthma since it is a potent constrictor of bronchial smooth
muscles and a stimulator of airway smooth muscle cell proliferation (Tamaoki
et al. 2000a; Morris et al. 1980; Devillier and Bessard 1997). It has been shown that
TXA2 is increased in the airways of patients suffering from asthma after allergen
challenge (Wenzel et al. 1991). Several studies also demonstrated increased
concentrations of this mediator and metabolites in BALF, urine, and plasma from
asthmatic patients (Kumlin et al. 1992; Oosterhoff et al. 1995; Wenzel et al. 1989).
Activation of the prostanoid TP receptors present in bronchial smooth muscle cells
by TXA2 leads to intracellular calcium mobilization with bronchoconstriction as a
consequence (Capra et al. 2003; Hall 2000). Prostanoid TP receptor activation also
contributes to bronchial smooth muscle hyperplasia and airway remodeling, which
occur in response to chronic airway inflammation of asthma (Vignola et al. 2003).
Using a model of allergen-induced cough in guinea pig, it was demonstrated that
airway mucous cells are an important source of TXA2 and that this prostanoid
facilitates cough (Rolin et al. 2006). Moreover, this team showed the localization of
thromboxane synthase by immunohistochemical detection in the airways, mainly in
epithelial goblet cells and tracheal glands (Xiang et al. 2002).



T. Tamada and M. Ichinose

2.3.2 Clinical Use of TXA2 Inhibitors/Antagonists

TXA2 synthesis inhibitors and TXA2 receptor antagonists inhibit airway inflam-
mation, improve airway hyperresponsiveness (Hoshino et al. 1999; Fujimura
et al. 1986, 1991), and improve the impaired mucociliary transport (Fujimura
et al. 1991). However, like other antiallergic agents described in this chapter, the
use of TXA2 antagonists has decreased since ICS and ICS/LABA therapies became
widely disseminated worldwide, including in Japan. Their adverse effects include a
tendency for increased bleeding; thus, we should be cautious about the concomitant
use of other agents with inhibitory effects on platelet aggregation.

24 Th2 Cytokine Inhibitor

2.4.1 Pharmacology of Th2 Cytokine Inhibitor

Suplatast tosilate (IPD) is a unique compound that inhibits the release of Th2
cytokines, such as IL-4 and IL-5, and inhibits tissue infiltration by eosinophils
(Corry and Kheradmand 2006; Horiguchi et al. 2001; Yamaya et al. 1995; Oda
et al. 1999). This orally administered agent is effective in reducing the ECP level in
induced sputum, improving the peak expiratory flow (Horiguchi et al. 2001) and
airway hyperresponsiveness (Yoshida et al. 2002; Sano et al. 2003). These anti-
inflammatory features might be responsible for their beneficial effects on airway
function (Corry and Kheradmand 2006).

2.4.2 Clinical Use of Th2 Cytokine Inhibitor

In a randomized, double-blind, placebo-controlled, parallel-group study, IPD
improved pulmonary function and symptom control and enabled a decrease in the
dose of inhaled corticosteroid without significant side effects in steroid-dependent
asthma (Tamaoki et al. 2000b). This promising investigational agent is currently
available only in Japan. IPD enables a reduction in the dose of ICS (Tamaoki
et al. 2000b).

3 Conclusion

Although cys-LTs are deeply associated with the pathogenesis of asthma, LTRAs
alone are less effective compared with ICS. However, the effects of LTRAs in
combination with ICS are the same as those of LABAs in combination with ICS in
steroid-naive asthmatic patients. Currently, the use of LTRAs is mostly limited to
asthma patients with AR or EIA. Antiallergic agents other than LTRAs had been
used mainly in Japan, but the use of these agents rapidly decreased after ICS was
introduced and recommended for the management of asthma in the late 1990s.
Further effectiveness studies are needed to determine the true value of these orally
administered agents in combination with ICS as an antiasthma treatment.
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