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Itching of ocular allergy is alleviated but not completely relieved by H1 histamine receptor antagonists,
suggesting that histamine is not the sole itch mediator in ocular allergy. We investigated whether
leukotriene B4 (LTB4), a mediator of cutaneous itch, is involved in the itch of ocular allergy in mice. Mice
were immunized by the repeated subcutaneous injections of ragweed pollen and alum into the caudal
back, and given a subconjunctival injection of ragweed pollen extract into the palpebra for allergic
challenge. Challenge with ragweed pollen extract markedly elicited ocular scratching in sensitized mice.
The scratching was almost abolished by mast cell deficiency. The H1 antagonist terfenadine partially
inhibited scratching at a dose that almost completely suppressed plasma extravasation. Scratching was
inhibited by the glucocorticoid betamethasone and the 5-lipoxygenase inhibitor zileuton at doses that
inhibited the challenge-induced production of LTB4. A subconjunctival injection of LTB4 at doses 1/10,000
or less than that required for histamine elicited ocular scratching in naïve mice. The LTB4 receptor
antagonist ONO-4057 inhibited the ragweed pollen challenge-induced ocular scratching at doses that
suppressed LTB4-induced ocular scratching. In addition to histamine, LTB4 is involved in the ocular
itching of pollen allergy. H1 receptor antagonists with an inhibitory effect on the action and/or
production of LTB4 may have more potent anti-pruritic activity than selective H1 antagonists.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

The common form of ocular allergy is seasonal allergic
conjunctivitis, which is associated with exposure to airborne
allergens such as ragweed and oak pollens. The main symptoms of
allergic conjunctivitis are itching, lacrimation, and redness (Rosario
and Bielory, 2011). Pollen allergy-induced itching of the conjunctiva
is a severe clinical problem; frequent scratching or rubbing of itchy
eyes may lead to cataracts (Nagaki et al., 1999). Histamine released
from mast cells is an important itch mediator in pollen allergy,
especially allergic conjunctivitis. Ocular instillation with an H1
histamine receptor antagonist acutely reduced ocular itching
compared to a placebo (Fujishima et al., 2006). However, H1
histamine receptor antagonists with mast cell-stabilizing activity
are both superior and used more commonly than selective H1
histamine receptor antagonists are (Abelson et al., 2011; del Cuvillo
et al., 2009). This suggests the possibility that histamine is not the
sole itch mediator of ocular allergy.
ene B4; PBS, phosphate-buff-
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Regarding to cutaneous itch, there are many endogenous itch
mediators, including amines, peptides, proteases, cytokines, and
eicosanoids (Paus et al., 2006). Among them, leukotriene B4 (LTB4),
a 5-lipoxygenase metabolite of arachidonic acid, elicits an itch-
related response (hind-paw scratching) at intradermal doses 1/
10,000 or less than that required for histamine (Andoh and
Kuraishi, 1998; Andoh et al., 2007); it is also involved in scratch-
ing induced by passive cutaneous anaphylaxis and chronic allergic
dermatitis in mice (Andoh et al., 2011; Tsuji et al., 2010; Tsukumo
et al., 2010). The inhibitory effects of some H1 histamine receptor
antagonists on cutaneous itching may be mediated by the inhibi-
tion of the action and/or production of LTB4 (Andoh and Kuraishi,
2000, 2002, 2006). LTB4 is elevated in guinea-pig conjunctiva
after allergen challenge (Garceau et al., 1987) and in the tears of
patients with giant papillary conjunctivitis (Akman et al., 1998).
Thus, we investigated whether LTB4 is responsible for the itching
involved in ocular allergy.

Animal models of ocular allergy using various species such as
mice, rats, guinea-pigs, rabbits, and dogs have already been
reported (Bundoc and Keane-Myers, 2003; Groneberg et al., 2003).
Although allergic inflammation has been extensively investigated
using these animal models, there are only some reports of animal
(i.e., guinea-pig and mouse) models of itch-related to ocular allergy
(Fukushima et al., 2003; Kato et al., 2003; Sanchis-Merino et al.,
2008; Shii et al., 2009; Woodward et al., 1996). Therefore, we
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developed a mouse model of ocular itch of pollen allergy to
investigate the role of LTB4 in the itch of ocular allergy.

2. Materials and methods

2.1. Animals

Male ICR mice (4 weeks old at the start of experiment) were
used in all experiments except for a series of experiments, in which
male WBB6F1-W/Wv mice (mast cell-deficient, 9 weeks old) and
the normal littermates (WBB6F1-þ/þ) were used. All mice were
purchased from Japan SLC (Shizuoka, Japan). They were kept under
controlled room temperature (ca. 22 �C), humidity (ca. 55%), and
light (lit from 7:00 AM to 7:00 PM). Food and water were available
ad libitum. The study protocol was approved by the Committee for
Animal Experiments at the University of Toyama and was con-
ducted in accordance with the guidelines of the Japanese Phar-
macological Society.

2.2. Drugs

Zileuton, 5-[2-(2-carboxyethyl)-3-[6-(4-methoxyphenyl)-5E-
hexenyl] oxyphenoxy] valeric acid (ONO-4057), betamethasone,
and terfenadine were dissolved in 0.5% carboxymethyl cellulose
(Wako Pure Chemical Ind., Osaka, Japan) and administered orally
1 h before allergen challenge. LTB4 (Cayman Chemical, An Arbor, MI,
USA) and histamine (Wako Pure Chemical Ind.) were dissolved in
physiological saline containing 2% ethanol and physiological saline,
respectively. These pruritogens were administered to the subcon-
junctiva in a volume of 2 mL.

2.3. Behavioral observation

The mice were placed in an acrylic cage consisting of four equal-
sized cells (13 � 9 � 40 cm) for at least 1 h to allow them for
acclimation. They were returned to the same cells immediately
after injection of the allergen or pruritogen, and their behavior was
videotaped for 2 h; all lab personnel were kept out of the obser-
vation room during this time. The number of times a mouse
scratched its eye with its hind-paw was counted during video
playback. A bout of scratching was defined as when a mouse
stretched its hind-paw on the treated side toward its eye, leaned its
head toward the paw, rapidly scratched its eye several times for
approximately 1 s, and lowered its hind-paw. In a series of exper-
iments, wiping of the treated eye with the ipsilateral forelimb was
also observed; a single gentle stroke of the unilateral eye was
counted as one wipe.

2.4. Sensitization and challenge

Ragweed pollen (RP) from Ambrosia trifida (Sigma Chem. Co., St.
Louis, MO, USA) was suspended in a gel containing 40 mg/mL
aluminum hydroxide (Imject� Alum, Pierce, Rockford, IL, USA),
mixed for 30 min or more with a vortex mixer. The animals were
immunized with subcutaneous injections of RP (100 mg) in the
adjuvant alum gel (4 mg) into the caudal back in a volume of 100 mL
twice a week for 3 weeks; in a series of experiments, mice were
given repeated injections of RP suspended in phosphate-buffered
saline (PBS; pH 7.4) or alum alone.

RP extract was used for allergen challenge. RP was suspended in
PBS and left to stand overnight at 4 �C; it was then centrifuged at
4 �C at 2250 � g for 5 min. The supernatant was collected as RP
allergen, and its protein concentration was determined using
a protein assay kit (Bio-Rad Lab. Inc., Hercules, CA, USA). RP allergen
was injected subconjunctivally into the unilateral palpebra for
challenge at a dose of 2 mg/site in a volume of 2 mL.

2.5. Plasma extravasation

Mice were given an intravenous injection of 150 mL of 1% Evans
blue dissolved in physiological saline and subconjunctival chal-
lenge with RP allergen 20 min later. Under deep pentobarbital
(80 mg/kg, intraperitoneal) anesthesia, mice were euthanized by
cervical dislocation 20 min after challenge, the ocular skin
including the conjunctiva was immediately isolated. The bluish
region of the sample was punched out using an 8 mm diameter
punch and incubated in 1 mL of dimethyl sulfoxide overnight. The
concentration of dye extracted was determined spectrophotomet-
rically at 620 nm.

2.6. Determination of serum concentrations of total
immunoglobulins

Blood was collected from the orbital sinus under sodium
pentobarbital anesthesia (80 mg/kg, i.p.) and centrifuged at 4 �C at
2200 � g for 5 min. The serum was kept at �30 �C until assay. The
concentrations of total IgE, IgG1, IgG2a, and IgG2b in the serumwere
determined using a sandwich enzyme immunoassay (Ohtsuka
et al., 2001). For each immunoglobulin determination, 96-well
plates were coated with 100 mL/well of affinity-purified goat anti-
body against mouse IgE, IgG1, IgG2a, or IgG2b (1/100; Bethyl Labo-
ratories, Inc., Montgomery, TX, USA) at 4 �C overnight. The plates
were washed with 200 mL/well of PBS containing 0.1% Tween 20
and blocked with PBS containing 1% bovine serum albumin (Sigma,
USA) at room temperature for 1 h. After washing with PBS con-
taining 0.1% Tween 20, 100 mL/well of diluted serum (1/50 for IgE,
1/2000 for IgG1, IgG2a, and IgG2b) and standard (mouse IgE cali-
brator for IgE and mouse reference sera for IgG1, IgG2a, and IgG2b;
Bethyl Laboratories) were added to the coated plates at room
temperature for 1 h. After washing with PBS containing 0.1% Tween
20, the plates were treated with horseradish peroxidase
conjugated-goat antibodies against mouse (IgE (1/40,000), IgG1
(1/80,000), IgG2a (1/60,000), or IgG2b (1/50,000), Bethyl Laborato-
ries) at room temperature for 1 h. The plates werewashed with PBS
containing 0.1% Tween 20 and reacted with 100 mL/well of o-phe-
nylene diamine solution (1 mg/mL, Wako Pure Chemical Ind.,
Osaka, Japan) at room temperature. After stopping the reaction
with 2 N sulfuric acid, the absorbance was measured at 490 nm
using a microplate reader (Immuno Mini NJ-2300, Thermo Fisher
Scientific, Roskilde, Denmark).

2.7. LTB4 determination

Under deep pentobarbital (80 mg/kg, intraperitoneal) anes-
thesia, mice were euthanized by cervical dislocation 5 min after
challenge and the ocular skin, including the conjunctiva, was
removed. The tissue sample was immediately weighed, shredded
with scissors, and put into 2 mL of ice-chilled ethanol containing
10 mM indomethacin and 10 mM zileuton. Lipid extraction and the
enzyme immunoassay for LTB4 were performed as described
previously (Andoh et al., 2009).

2.8. Statistical analysis

Data are presented as means � SEM. Statistical comparisons
between groups were performed using Dunnett’s test, Tukey’s test,
or Bonferroni’s method. Time course data were analyzed using
repeated measures analysis of variance; p < 0.05 was considered
significant.
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3. Results

BALB/c mice are prototypical Th2-type mouse strain and useful
for studies of allergic conjunctivitis. However, BALB/c mice are low
responders to histamine; an intradermal injection of histamine
does not elicit scratching behavior in BALB/c mice (Inagaki et al.,
2001). In our preliminary experiments, instilling of histamine
solution to the eye did not significantly increase ocular scratching
in BALB/c mice; scratching bouts per hour were 7.5�1.8, 10.0� 2.4,
14.3� 3.9, and 16.0� 3.1 (n¼ 8 each) after the instillation of PBS, 2,
5 and 10 mmol/site of histamine, respectively. In contrast, instilling
of histamine at the same doses was reported to increase ocular
scratching in ICR mice (Nakano et al., 2009). Therefore, we used ICR
mice in this study to determine the role of histamine in itch of
allergic conjunctivitis.

In out pilot experiments, instilling a drop of RP allergen (100 mg
in a volume of 5 mL) to the eye did not increase ocular scratching in
sensitized ICR mice; the number of scratching bouts per 2 h were
22� 5 and 25� 7 (n¼ 8 each) in mice given an eye drop of PBS and
RP allergen, respectively. Therefore, in this study, RP allergen was
injected subconjunctivally to the palpebra, as shown in Fig. 1.

3.1. RP allergy-induced ocular scratching

A subconjunctival injection of RP allergen significantly elicited
hind-paw scratching of the treated eye in ICRmice immunized with
RP together with alum (Fig. 2). Although there was a tendency
toward increased ocular scratching bouts in mice immunized with
RP alone, most mice (88%) did not exhibit increased ocular
scratching (Fig. 2A). In mice immunized with RP together with
alum, scratching began within several minutes after challenge,
peaked during the first 10-min period, and decreased gradually
until 1 h; however, scratching frequency appeared to be slightly
higher 1e2 h after challenge (Fig. 2B).

Painful and itchy stimulation of the face elicits forelimb wiping
and hind-paw scratching in mice, respectively (Shimada and
LaMotte, 2008). Therefore, we examined whether a subcon-
junctival injection of allergenwould elicit pain-related behaviors in
addition to itch-related behaviors. In ICR mice immunized with RP
together with alum, a subconjunctival injection of RP allergen
markedly elicited hind-paw scratching of the treated eye; the
Fig. 1. Subconjunctival injection site in the palpebra. Toluidine blue staining of the
murine eyelid. Arrow indicates the direction and site of allergen injection. Scale
bar ¼ 100 mm. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)
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Fig. 2. Effects of ragweed pollen (RP) immunization on allergy-induced ocular
scratching and serum immunoglobulin (Ig) concentration in ICR mice. Mice were
immunized with RP alone or together with alum. (A) Cumulative scratch bouts after RP
allergen challenge. Mice were challenged subcunjunctivally with RP allergen, and
hind-paw scratching of the treated eye was quantified. Open circles, individual data for
24 mice; closed diamonds, mean of each group. *p < 0.05 vs. vehicle (VH) and RP
(Bonferroni’s method). Values represent the mean and SEM of eight animals. (B) Time
course of scratching after RP allergen challenge. Values represent the mean and SEM of
eight animals. Main effect of treatment, F2231 ¼13.53, p ¼ 0.0002; interaction between
treatment and time, F22,234 ¼ 4.82, p < 0.0001 (repeated measures of analysis of
variance). (C) Serum concentrations of total IgG1, IgG2a, IgG2b, and IgE. Immunoglobulin
concentration was determined using a sandwich enzyme immunoassay (see text).
numbers of scratching bouts per 2 h were 9.9 � 1.5, 8.9 � 3.1, and
86.6 � 16.8 (n ¼ 8 each) without injection, after vehicle injection,
and after RP allergen injection, respectively. In contrast, no forelimb
wiping behaviors were observed during the 2-h period in naïve
mice and mice given subconjunctival injections of vehicle and RP
allergen.



T. Andoh et al. / Experimental Eye Research 98 (2012) 97e103100
The serum concentration of total immunoglobulin (Ig)G1 was
significantly increased by immunization with RP alone, but the
serum concentrations of total IgG2a, IgG2b, and IgE were not
increased in ICRmice (Fig. 2C). Immunizationwith RP together with
alum significantly increased the serum concentration of total IgE
without effects on the concentrations of total IgG2a and IgG2b, and
IgG1 concentration was similar to that of immunization with RP
alone (Fig. 2C).

3.2. Roles of mast cells and histamine

In this series of experiments, we used mast cell-deficient
WBB6F1-W/Wv mice and normal WBB6F1-þ/þ mice to determine
the role of mast cells in the RP allergy-induced ocular scratching.
Subconjunctival injection of RP allergen markedly elicited ocular
scratching in WBB6F1-þ/þ mice immunized with RP and alum.
Moreover, there was a tendency toward increased average ocular
scratching inmice immunizedwith RP alone (Fig. 3A). However, the
increase in ocular scratching after challenge was almost abolished
in WBB6F1-W/Wv mice (Fig. 3A).
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Fig. 3. Involvement of mast cells and histamine in RP allergy-induced ocular
scratching. Mice were administered repeated subcutaneous injections of alum alone,
RP alone or RP plus alum, and then RP allergen was injected subconjunctivally into the
palpebra for challenge. (A) Effect of mast cell deficiency on the ocular scratching. �,
mast cell-deficient WBB6F1-W/Wv mice; þ, normal WBB6F1-þ/þ littermates. *p < 0.05
vs. mast cellþ and #p < 0.05 vs. alum alone and RP alone (Tukey’s test). (B) Effects of
terfenadine on the ocular scratching in ICR mice. Terfenadine (30 mg/kg) and vehicle
(0.5% carboxymethyl cellulose) were administered orally 1 h before challenge.
*p < 0.05 vs. vehicle (Bonferroni’s method). (C) Effects of terfenadine on plasma
extravasation in ICR mice. Evans blue was injected intravenously into mice immunized
with RP and alum, and 20 min later RP allergen or phosphate-buffered saline (PBS) was
injected subconjunctivally; the amount in the treated eyelid was determined 20 min
after challenge. Terfenadine (30 mg/kg) and the vehicle were administered orally 1 h
before challenge. #p < 0.05 vs. PBS and *p < 0.05 vs. RP without terfenadine (Tukey’s
test). The number of animals per group was 8 (A), 8e12 (B), or 6 (C).
Pretreatment with terfenadine (30 mg/kg), a peripherally acting
H1 histamine receptor antagonist, partially but significantly
inhibited ocular scratching induced by RP allergen in ICR mice
immunized with RP and alum (Fig. 3B). The same dose of terfena-
dine almost abolished the plasma extravasation induced by chal-
lenge with RP allergen in the sensitized mice (Fig. 3C).

3.3. Effects of a glucocorticoid, 5-lipoxygenase inhibitor and LTB4
receptor antagonist on RP allergy-induced ocular scratching

The glucocorticoid betamethasone (0.3 and 1 mg/kg), the
5-lipoxygenase inhibitor zileuton (30 and 100 mg/kg), and the LTB4
receptor antagonist ONO-4057 (30 and 100 mg/kg) dose-
dependently inhibited RP allergen-induced ocular scratching in
ICR mice immunized with RP and alum (Fig. 4).

3.4. LTB4- and histamine-induced ocular scratching

A subconjunctival injection of LTB4 (1.2 pmol/site) markedly
increased hind-paw scratching of the treated eye in naïve ICR mice;
marked effect was observed for 30 min after injection (Fig. 5A).
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Fig. 4. Effects of a glucocorticoid, 5-lipoxygenase inhibitor, and LTB4 receptor antag-
onist on RP allergen-induced ocular scratching in sensitized ICR mice. Betamethasone
(A), zileuton (B), ONO-4057 (C), and vehicle (VH, 0.5% carboxymethyl cellulose) were
administered orally 1 h before the subconjunctival injection of RP allergen in mice
sensitized with RP and alum. Dotted lines denote the number of scratching bouts after
allergen injection in naïve ICR mice. Values represent the mean and SEM of eight
animals. *p < 0.05 compared with VH (Dunnett’s test).
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There was a tendency toward increased ocular scratching at
0.12 pmol/site, and significant increases at 1.2 and 12 pmol/site;
however, the effect of a 120 pmol/site dose was less than that of
12 pmol/site (Fig. 5B). The effective doses of LTB4 were 1/10,000 or
less than that (100 nmol/site) required for histamine (Fig. 5B). Oral
pretreatment with ONO-4057 (30 and 100 mg/kg) significantly and
dose-dependently inhibited ocular scratching induced by LTB4 at
1.2 pmol/site; near complete inhibition was observed at 100 mg/kg
(Fig. 5C).
3.5. LTB4 production

A subconjunctival injection of RP allergen markedly increased
LTB4 content in the conjunctiva and subconjunctiva of ICR mice
immunized with RP and alum, although it had no effects in non-
sensitized mice (Fig. 6). LTB4 production induced by RP allergen
challenge was significantly and almost completely inhibited by oral
pretreatment with betamethasone (1mg/kg) and zileuton (100mg/
kg) (Fig. 6).
4. Discussion

The results of the present study show that subconjunctival
challenge with RP allergen elicited ocular scratching with the hind-
paw in sensitized mice. The challenge did not elicit ocular wiping
with the forelimb. Intradermal injections of pruritogen (histamine)
and algogen (capsaicin) into the murine cheek elicit hind-paw
scratching (i.e., an itch-related response) and forelimb wiping
(i.e., a pain-related response) at the injection site, respectively
(Shimada and LaMotte, 2008). Therefore, the present results
suggest that subconjunctival allergen injection induces itch but not
pain in sensitized mice.

The present study demonstrated that ocular challenge with RP
allergen elicited hind-paw scratching in mice immunized with
allergen and the adjuvant alum, but not in mice immunized with
allergen alone. Ocular scratching peaked within the first 10-min
period and subsided by 1 h, and it was almost abolished by mast
cell deficiency; these results suggest that it is due to immediate
ocular allergy. When RP adheres to the conjunctiva, antigenic
components may be eluted in tears, permeating the conjunctiva
and causing allergic reactions in sensitized individuals. In this
study, topical instillation of RP allergen to the eye did not increase
scratching. This result is concordant with a previous report, in
which topical instillation of 40 mg ragweed to the eye did not elicit
scratching in sensitized mice although it caused mast cell degran-
ulation (Shii et al., 2009). It was also reported that topical instilla-
tion of ovalbumin elicits scratching in ovalbumin-sensitized mice
(Shii et al., 2009). In RP-sensitized mice, topical instillation with RP
allergen causes moderate eyelid edema (Magone et al., 1998) and
increases plasma extravasation by approximately 2.5 times (Shii
et al., 2009), while subconjunctival challenge produced an
approximately 30-fold increase in the present experiment. Tight
junctions connect conjunctival epithelial cells and function as
a barrier to allergen penetration (Irkec and Bozkurt, 2003). Thus,
the conjunctiva may act as a mechanical barrier to RP allergen, and
the amount of RP allergen permeating the conjunctiva might not be
sufficient to cause itching in sensitized mice.

Although the ocular scratching induced by RP allergen injection
was almost abolished by mast cell deficiency, it was only partially
inhibited by the H1 histamine receptor antagonist terfenadine at



T. Andoh et al. / Experimental Eye Research 98 (2012) 97e103102
a dose that almost completely inhibited the challenge-induced
plasma extravasation; this raises the possibility that mast cell
mediator(s) other than histamine are also involved in the itching of
ocular allergy. The LTB4 receptor antagonist ONO-4057 inhibited
ocular scratching induced by RP allergen challenge at doses similar
to those that suppressed LTB4-induced ocular scratching; this
suggests that LTB4 plays a role in itching in our model of ocular
allergy. Zileuton and betamethasone also inhibited RP allergen
challenge-induced ocular scratching at doses that suppressed the
LTB4 production induced by the challenge; this also suggests that
LTB4 is involved in itching in our model of ocular allergy.

A subconjunctival injection of LTB4 significantly increased ocular
scratching at 1.2 and 12 pmol/site in naïve mice. These doses were
roughly similar to doses at which intradermal injection of LTB4
elicits cutaneous scratching in naïve mice (Andoh and Kuraishi,
1998), and 1/10,000 or less than that of subconjunctival injection
of histamine. Thus, LTB4 is a potent itch mediator in the conjunctiva
as well as the skin.

The present results did not provide information concerning the
primary site of pruritogenic action of LTB4. There are two LTB4
receptor subtypes: BLT1 and BLT2; they are G-protein-coupled
receptors and have high and low binding affinities for LTB4,
respectively (Yokomizo et al., 1997, 2000). BLT1 mRNA is
predominantly expressed in leukocytes in humans and mice
(Tager and Luster, 2003). However, the distribution of BLT recep-
tors in the eye and trigeminal ganglion neurons is unknown. BLT1,
but not BLT2, mRNA is expressed in the dorsal root ganglia and
skin in mice (Andoh and Kuraishi, 2005). LTB4 increases intracel-
lular Ca2þ concentration in cultured murine dorsal root ganglion
neurons, approximately half of which also responds to capsaicin,
suggesting the expression of BLT1 receptor in TRPV1 channel-
expressing sensory neurons (Andoh and Kuraishi, 2005). There-
fore, the trigeminal sensory neurons are a possible site of LTB4
action.

Subconjunctival challenge with RP allergen increased the LTB4
concentration in the ocular skin and conjunctiva in sensitized mice,
which was inhibited by zileuton. These results are concordant with
those of a previous report in which ovalbumin challenge increased
LTB4 concentration in guinea-pig conjunctiva (Garceau et al., 1987).
LTB4 is derived from arachidonic acid via the catalytic actions of 5-
lipoxygenase and LTA4 hydrolase (Murphy and Gijón, 2007). The
distributions of these enzymes in the eye are unknown. However,
the fact that the ocular scratching induced by RP allergen challenge
was almost abolished by mast cell deficiency in the present study
permits us to speculate that these cells play a key role in the
production of pruritogenic LTB4 in the allergic eye. In this context,
stimulation of mast cells, including the IgE-mediated activation,
causes the production of LTB4 (Miyahara et al., 2009; Yamashita
et al., 2000). Mast cells express H4 histamine receptors (Lippert
et al., 2004), the stimulation of which results in Ca2þ mobilization
from intracellular Ca2þ stores (Hofstra et al., 2003) and the
production of LTB4 (Takeshita et al., 2003). Thus, histamine released
from mast cells may act in an autocrine/paracrine manner to
produce LTB4, thus enhancing itching.

Repeated immunization with RP alone significantly increased
serum concentration of total IgG1 but not IgE. There was
a tendency toward increased ocular scratching after RP allergen
challenge in ICR and WBB6F1-þþ mice immunized with RP
alone and the tendency was almost abolished in WBB6F1-WWv

mice. In our preliminary experiments, intradermal injection
of RP allergen markedly increased scratching in ICR and
WBB6F1-þþ mice immunized with RP alone and the increase
was partially but significantly inhibited by mast cell deficiency.
Although the first mosquito bites do not increase scratching,
repeated bites increase scratching in ICR mice, in which serum
concentration of total IgG1 increases and there is a tendency
toward increased concentration of total IgE (Ohtsuka et al.,
2001). Scratching of mosquito-bitten skin is not inhibited by
terfenadine at a dose that almost abolishes mosquito bite-
induced increase in plasma extravasation (Ohtsuka et al.,
2001). Thus, mechanisms of allergic itch and the role of mast
cell mediators appear to be different between the conjunctiva
and skin. Although the precise causes of the difference are
unknown, it is possible that IgG1 is involved in itching of cuta-
nenous but not ocular allergy. In this context, the high-affinity
IgG receptor FcgRI is present in the primary afferent fibers in
the skin, and RP allergen binds to cutaneous nerve fiber in mice
immunized with RP alone (Andoh and Kuraishi, 2004).

In summary, we developed a mouse model of ocular itching of
immediate pollen allergy that critically depends on mast cells. We
confirmed the role of histamine, a mast cell mediator, and
demonstrated the involvement of LTB4, another mast cell mediator,
in the ocular itching due to pollen allergy. H1 antagonists with
inhibitory effect on the action and/or production of LTB4 may have
more potent anti-pruritic activity than selective H1 antagonists. The
present results provide basic evidence for the idea that H1 antag-
onists with mast cell-stabilizing action are superior to specific H1
antagonists for the treatment of pruritic ocular allergy (Abelson
et al., 2011).
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