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ABSTRACT—We investigated itch-associated responses (scratching) to mosquito bites and the role of
histamine and mast cells in mosquito-induced itching in mice. Although the first bites of mosquito Aedes
albopictus did not increase scratching, repeated bites increased scratching. The response was not diminished
even after an interval of 2 months. Similarly, repeated intradermal (i.d.) injections of salivary gland extract
(SGE) from Aedes albopictus increased scratching after SGE injection itself and mosquito bites. The scratch-
ing peaked within 10 min and almost subsided by 60 min. The opioid antagonist naloxone (1 mg/kg, s.c.)
inhibited scratching following SGE injection. Although the non-sedative H;-histamine-receptor antagonist
terfenadine (30 mg/kg, p.o.) significantly suppressed scratching induced by histamine (100 nmol/site, i.d.)
in either naive or mosquito-sensitized mice, it did not affect mosquito-induced scratching in mosquito-
sensitized mice. Repeated injections of SGE increased scratching in mast cell-deficient (WBB6F1-W/W")
mice as well as in normal (WBB6F1-+/+) littermates. Repeated exposure to mosquito bites roughly doubled
serum concentrations of total IgE and IgG;, but not IgG,,. Repeated injections of SGE markedly increased
plasma extravasation induced by mosquito bites and such an increase was almost completely suppressed
by terfenadine (30 mg/kg, p.o.). The results show the presence of histamine-mediated and histamine-
independent mechanisms in cutaneous itching and suggest that histamine probably released from mast cells
does not play an important role in itching in immediate allergic reaction. Our murine model of mosquito

itching may be useful for studying the mechanisms of immediate allergic itching.
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Allergic skin disorders, such as atopic dermatitis, contact
dermatitis and urticaria, are accompanied by severe pruritus
(1, 2). The primary target cells in immediate allergic reac-
tions are mast cells, which are main sites of histamine stor-
age and have high affinity immuoglobulin E (IgE) receptors
on the plasma membrane. As intradermal (i.d.) injection of
histamine elicits itch, this biogenic amine may be involved
in allergic itch sensation. However, many inflammatory
mediators of mast cells and neuropeptides of primary
afferents also elicit itch following i.d. injection in human
subjects (3, 4). In mice, histamine does not always induce
an itch-associated response such as scratching (5 —7). Al-
though substance P produces the degranulation of cutane-
ous mast cells to release histamine (8, 9), this degranulation
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does not play an important role in substance P-induced
scratching in mice (10). NC mice show chronic dermatitis,
IgE hyperproduction and severe scratching, although they
do not show scratching following an i.d. injection of hista-
mine (11), suggesting that histamine is not involved in the
chronic pruritus in NC mice. Therefore, the precise mecha-
nisms of chronic allergic pruritus, especially the roles of
mast cells and the mediator histamine, are unclear. Thus,
we were interested in whether mast cells and histamine
would be involved in immediate allergic pruritus.

Some insects are an important source of allergens pro-
ducing an immediate response in humans. A number of
biting insects cause intense allergic reactions. Although the
bites of many insects generally elicit pain sensation as well
as itch, the bite of mosquitoes causes mainly itch (12, 13).
Mosquito bites cause immediate and delayed local cutane-
ous reactions and occasionally systemic reactions (13 — 15).
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When volunteers are bitten by a mosquito for the first time,
there is no immediate cutaneous response or itch (12).
However, itch as well as allergic cutaneous reactions
develops after repeated mosquito bites (12). The bite of
a mosquito whose salivary duct has been cut does not
produce wheal and itching (16). The serum concentrations
of IgE and IgG specific for mosquito salivary gland were
higher in subjects with immediate reactions to mosquito
bites than in those without immediate reactions (15).
Mosquito extract-induced proliferation of lymphocytes was
higher in the subjects with delayed reactions than those
without delayed reactions (15). Serum from patients with
mosquito allergy causes immediate cutaneous reactions in
mosquito bite-tolerant subjects (17). These findings taken
together suggest that mosquito bite-induced itch is a result
of an allergic reaction, probably to antigenic materials in
the salivary gland.

Mice that have been exposed repeatedly to mosquito
bites develop an immediate wheal after treatment with
mosquito antigens, while naive mice do not (18). Repeated
i.d. injections of recombinant mosquito salivary allergen
increase IgE and IgG, and induce immediate skin reaction
in mice (19). Thus, mosquito bites and injections of sali-
vary allergen may produce allergic cutaneous reactions in
mice. In the present experiments, we first examined whether
mosquito bites and injections of extracts of mosquito sali-
vary gland would elicit itch-associated responses in ICR
mice which respond to i.d. injection of histamine. Second,
we determined the role of mast cells and histamine in itch-
associated responses induced by mosquito allergic stimula-
tion.

MATERIALS AND METHODS

Animals

Male ICR mice were used, except in one experiment in
which genetically mast cell-deficient WBB6F1-W/W" mice
and the normal (WBB6F1-+/+) littermates were used, all
being from Japan SLC, Inc., Shizuoka. They were 5-week-
old at the start of the experiments, except acute experiments
in which the mice were used at 5—7 weeks of age. They
were housed in a room under controlled temperature (22
+2°C), humidity (55+10%) and light (light on 07:00 —
19:00 h). Food and water were freely available. The experi-
mental procedures for mice were conducted in accordance
with the guidelines of the Guiding Principles for the Care
and Use of Laboratory Animals approved by The Japanese
Pharmacological Society.

Mosquitoes Aedes albopictus were bred in our labo-
ratory. They were ordinarily fed on a 3% sugar solution
in a room under controlled temperature (25°C), humidity
(70%) and light (light on 07:30 —21:30 h).

Drugs

Histamine (Wako Pure Chemical Ind., Osaka) and nalox-
one hydrochloride (Sigma Chemical Co., St. Louis, MO,
USA) were dissolved in physiological saline. Terfenadine
(a generous gift from Dr. M. Satoh, Kyoto University) was
suspended in 0.5% carboxymethyl cellulose. Histamine
was injected intradermally into the hair-clipped skin in a
volume of 50 u1. Naloxone hydrochloride (1 mg/kg) was
administered subcutaneously 15 min before the i.d. injec-
tion of salivary gland extract in a cross-over fashion; the
mice divided into two groups were given either naloxone
or saline and switched to the other treatment 7 days later.
Terfenadine was administered perorally 30 min before
histamine injection or exposure to mosquito bites. When
administered into the mosquito-sensitive mice, terfenadine
was administered in a cross-over fashion; the mice divided
into two groups were pretreated with terfenadine or the
vehicle before mosquito bites and switched to the other
treatment 7 days later. One week later, they were pretreated
with terfenadine or vehicle before histamine injection and
switched to the other treatment 7 days later.

Preparation and injection of extract of mosquito salivary
gland

As female, but not male, mosquitoes suck blood to lay
eggs, salivary glands were isolated from female adult
mosquitoes. Two hundred mosquitoes were anesthetized
by exposure to a cold temperature of —20°C, and the thorax
including the salivary glands was isolated under a stereo-
scopic microscope. They were homogenized in a small
amount of distilled water at 4°C, and then the volume was
adjusted to 20 ml with distilled water. The suspension was
centrifuged at 9,000 x g for 30 min, and then the superna-
tant was filtered through a cellulose acetate membrane with
0.45-pm pores and divided into tubes at a volume of 100 1.
They were lyophilized and kept at —80°C until use. We
designated the dose of sample in a tube as one salivary
gland extract (SGE). SGE was injected i.d. in a volume
of 50 ul twice a week; it was injected generally into the
hair-clipped skin of the caudal back and immediately be-
fore behavioral observation into the rostral back.

Exposure to mosquito bites

The hair was clipped from the rostral part of the back
the day before the start of the experiment or as needed
during the period required for the sensitization to mosquito.
The mice were put individually in wire mesh cages (5 x 10
x 4 cm). Four mice were exposed at a time generally to
50 — 80 female mosquitoes that had been fed only on water
for 10 h; in one experiment, mice were exposed to 50 — 80
male mosquitoes. The 1-h mosquito exposure was ordinarily
repeated twice a week for 4 — 8 weeks.
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Observation of scratching

For the observation of scratching after mosquito bites,
four mice confined individually in wire mesh cages were
put in an acrylic box (28 x 32 x 36 cm) containing 50 — 80
female mosquitoes. Immediately after the first mosquito
bite of the hair-clipped skin, the murine behaviors were
videotaped. For the observation of scratching following the
injection of SGE, four mice were put individually into four
cells of an acrylic box (26 x 18 x 30 cm) immediately after
the extract injection and their behaviors were videotaped.
The mice were acclimated to the experimental environment
for at least 1 h just before the experiment and the video-
taping of behavior was performed with experimenters kept
out of the observation room. Playback served for counting
the scratching of the hair-clipped skin by the hind paws as
described (10). The mouse generally showed several
scratchings for about 1 s and a series of these movements
was counted as one bout of scratching (5).

Determination of serum levels of total IgE, IgG; and IgG>,

Blood was collected from the abdominal aorta using a
21G needle under chloral hydrate (300 mg/kg) anesthesia
and centrifuged at 4°C at 2,000 x g for 20 min. The super-
natant was kept at —80°C until assay. The levels of total
IgE, IgG, and IgGs. in the serum were determined with the
sandwich enzyme immunoassay, as described (11). For the
IgE assay, anti-mouse IgE monoclonal antibody (mAb)
MCA419 (1/500; Serotec, Oxford, UK), biotin conjugated
anti-mouse IgE mAb MCA420B (1/500, Serotec), and
anti-DNP IgE mAb SPE-7 (Yamasa Syouyu, Chiba) were
used as the first and second antibodies and standard, respec-
tively. For the 1gG; or IgG,, assay, goat x-mouse IgG,- or
1gGo,-affinity purified (1/100; Bethyl, Montgomery, TX,
USA), goat x-mouse IgG;- or IgG,.-horseradish peroxidase
(1/1000, Bethyl) and mouse Ig reference serum (Bethyl)
were used as the first and second antibodies and standard,
respectively. After treatment with streptavidine-horse-
radish peroxidase conjugate (1/1000; Gibco BRL, Gaithers-
burg, USA) and then o-phenylene diamine (Wako Pure
Chemical Ind.), the fluorescence at 490 nm was measured
with 365 nm excitation.

Toluidine blue staining

A piece of the skin was removed from the rostral back
and fixed in 4% formaldehyde in 0.1 M phosphate buffer
(pH 7.3) overnight at a room temperature. After sufficient
washing with tap water, the skin was embedded in paraffin
by the conventional method, cut into 5-um sections and
stained with toluidine blue for the observation of mast cells.
Stained cells were counted in an area of 5 mm.

Plasma extravasation
For the observation of plasma extravasation, 150 x1 of 1%

Evans blue dissolved in physiological saline was injected
into the tail vein of mice. After 10 min, the mice were ex-
posed to female mosquitoes, as described above. They were
euthanized via cervical dislocation 20 min after mosquito
bites, the skin (hair-clipped region) was removed, and the
bluish area of the skin (a circle of 9-mm diameter) was
punched out. The amount of Evans blue in the skin was
determined by the method of Katayama et al. (20). In brief,
the skin sample was incubated in 200 4l of 1N KOH
overnight at 37°C. After the addition of 1.8 ml of 0.6 N
H;PO, / acetone (5:13) to the sample solution, insoluble
components were removed with filtration through a cotton
stopper. The filtrate was centrifuged at 3,000 x g at 4°C for
1 h, and the concentration of Evans blue was determined
spectrophotometrically at 620 nm.

Statistical analyses

Values are represented as the mean and S.E.M. Statisti-
cal significance was determined with Student’s #-test,
paired #-test, one-way analysis of variance (ANOVA) fol-
lowed by Dunnett’s multiple comparisons and repeated
measures two-way ANOVA. For all tests, differences were
considered significant at P<0.05.

RESULTS

Scratching after mosquito bites

When the mice were bitten by female mosquitoes for the
first time in their life, they showed some scratching behavi-
ors, the frequency of which was similar to that following
exposure to male mosquitoes (Fig. 1A). However, when the
exposure to female mosquitoes was repeated twice a week,
the number of scratch bouts increased gradually depending
on the number of times that an animal was exposed to a
mosquito bite (Fig. 1A); the number of scratch bouts was
significantly (P<0.05, Dunnett’s test) greater after the four-
teenth exposure than after the exposure to male mosquitoes.
When the fifteenth exposure was carried out 2 months after
the fourteenth exposure, there was no apparent difference
in scratching between the fourteenth and fifteenth exposure
(Fig. 1A). Figure 1B shows the time-course of scratching
following the fourteenth exposure to female mosquitoes;
the peak response was during the initial 10-min period after
mosquito bites and the responses almost subsided by
60 min.

Scratching after injection of extract of mosquito salivary
glands

When naive mice were given an i.d. injection of SGE,
the number of scratch bouts was not dependent on the
concentration (1/1,000—1) of SGE and the number of
scratch bouts after the injection was not significantly differ-
ent from that of saline (Fig.2A). Repeated injections of
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1 and 1/10 SGE, but not 1/100 and 1/1,000 SGE, signifi-
cantly increased scratching (Fig. 2A). As shown in Fig. 2B,
the responses peaked during the initial 10-min period
following the eleventh injection of 1/10 SGE and almost
subsided by 60 min.

To determine whether repeated injections of SGE would
affect the scratching responses to mosquito bites, we com-
pared mosquito bite-induced scratching of the mice given
repeated injections of SGE with that of naive mice. When
the mice were exposed to mosquito bites 45 days after
eight injections of SGE, they showed apparent scratching
(Fig. 2C). Naloxone (1 mg/kg) partially but significantly
(P<0.05, repeated measures two-way ANOVA) inhibited
SGE-induced scratching (Fig. 3).

Fig.2. Effects of repeated injections of salivary gland extract
(SGE) of mosquitoes on the scratching of ICR mice following SGE
injection and mosquito bites. A) The mouse was given an intradermal
injection of saline (SAL, open diamond) or SGE at doses of 1/1,000
(closed diamond), 1/100 (closed triangle), 1/10 (closed square) and
1 (closed circle) salivary glands of one mosquito into the rostral
back twice a week. *P<0.05, as compared with saline (Dunnett’s
test). B) Time-course of scratching following the eleventh injection
of 1/10 SGE. C) Scratching responses after mosquito bite. The
treated mice were exposed to mosquito bites 45 days after 8 times
of injections of SGE from one mosquito twice a week and naive
mice were exposed to mosquito bites without injection of SGE.
*P<0.05, (Student’s #-test). Values represent the means and S.E.M.
of 8 animals.
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Fig. 3. Effect of naloxone on scratching induced by an intradermal
injection of salivary gland extract in ICR mice. The mice were given
8 injections of 1 SGE (extract from salivary glands of one mosquito)
for 2 months. Thereafter, they were given 2 injections of 1/10 SGE
and the scratching was counted for one hour after each injection.
Saline (A) and naloxone (1 mg/kg; B) were administered subcutane-
ously 15 min before the SGE injection in a cross-over fashion. Values
represent the means and S.E.M. of 8 animals. Repeated measures
two-way analysis of variance: main effect of naloxone, F(1,7) = 6.59,
P<0.05.

Roles of histamine and mast cells in scratching

An i.d. injection of histamine (1, 10 and 100 nmol/site)
dose-dependently increased scratching in healthy mice
(Fig. 4A). Peroral pretreatment with terfenadine (3, 10 and
30 mg/kg), a non-sedative H; histamine receptor antago-
nist, dose-dependently inhibited scratching induced by hista-
mine (100 nmol/site, i.d.), with a significant inhibition at
a dose of 30 mg/kg (Fig. 4B). Therefore, in the following
experiments, we administered terfenadine at a dose of
30 mg/kg. In mice that had been exposed repeatedly to
mosquito bites, an i.d. injection of histamine (100 nmol
/site) elicited apparent scratching and the histamine effect
was significantly (P<0.05, paired ¢-test) suppressed by
pretreatment with terfenadine at a dose of 30 mg/kg (Fig. 4C).
In contrast, the same dose of terfenadine did not affect the
scratching following mosquito bites (Fig. 4C).

In mast cell-deficient (WBB6F1-W/W") mice, the first
i.d. injection of 1/10 SGE did not increase scratching, as
compared with saline (Fig. 5A). Although the fifth injec-
tion of SGE did not yet increase scratching, the eighth
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Fig. 4. Effects of terfenadine on scratching induced by an intra-
dermal injection of histamine and mosquito bite in ICR mice.
A) Histamine-induced scratching in naive ICR mice. B) Effects of
terfenadine on the histamine-induced scratching in naive ICR mice.
Terfenadine or vehicle was administered perorally 30 min before
histamine (100 nmol/site) injection. *P<0.05, when compared with
vehicle (Dunnett’s test). C) Effects of terfenadine on histamine- and
mosquito bite-induced scratching in mosquito-sensitized mice. The
mice were exposed to mosquito bites 15 times for 2 months. There-
after, terfenadine (30 mg/kg) was administered perorally 30 min
before histamine injection or mosquito bite. *P<0.05 (Student’s
t-test). Values represent the means and S.E.M. of 8 animals.

and eleventh SGE injections significantly increased the
response. There were no apparent differences in the effects
of repeated injections of SGE and in the time-course after
the eleventh injection between the mast cell-deficient and
control mice (Fig. 5). The number of toluidine blue-stained
cells in the skin was 24.4+5.3 (n=7) and 1.6 £0.7 cells
/5 mm (n=7) in WBB6F1-+/4+ and WBB6F1-W/W" mice,
respectively.

Serum concentrations of total IgE, IgG, and IgG>,

The serum concentrations of total IgE and IgG; in mice
that had been exposed repeatedly to mosquito bites and
showed apparent scratch responses was about twice those
of naive mice, although only the difference in IgG, was
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significant (Fig. 6). On the other hand, the serum concen-

tration of IgG,, was not altered after repeated mosquito
bites (Fig. 6).

Plasma extravasation after mosquito bites

Figure 7 shows typical examples of plasma extravasation
after mosquito bites. When the naive mice were exposed
to mosquito bites, there were scattered blue spots in the skin
(Fig. 7A). On the other hand, mosquito bites in the mice
that had been given repeated injections of SGE produced
a marked increase in plasma extravasation (Fig. 7B). This
increase was obviously inhibited by peroral pretreatment
with terfenadine at a dose of 30 mg/kg (Fig. 7C). The
amount of extravasated dye was 2.7+0.5, 6.1 £1.4 and
2.2£0.6 ug/ml (n=28 each group) in naive, SGE-sensi-
tized and SGE-sensitized plus terfenadine-treated groups,
respectively; significant effects, F(2,21)=6.20, P<0.01,
were revealed with one-way ANOVA.

Fig. 5. Scratching responses to repeated injections of salivary
gland extract (SGE) in mast cell-deficient mice (WBB6F1-W/W")
and normal littermates (WBB6F1-+/+). A) Effects of repeated injec-
tions of SGE on scratch response. The mice were given an intra-
dermal injection of saline (SAL) and from 3 days later, 1/10 SGE
twice a week. *P<0.05, when compared with SAL (Dunnett’s test).
B, C) The time-course of scratching following eleventh injection of
SGE in WBB6F1-+/+ (B) and WBB6F1-W/W" mice (C). Values
represent the means and S.E.M. of 7 — 8 animals.
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Fig. 6. Effects of repeated mosquito bites on the serum concentrations of total IgE, IgG, and IgG,, in ICR mice. Part of the mice
shown in Fig. 1A were further exposed to mosquito bites at 2 months and then the blood was used for assays. Naive mice were
age-matched and not exposed to mosquito bites. n= 15— 6. *P<0.05 (Student’s #-test).
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Fig. 7. Plasma extravasation after mosquito bites. Mosquito bites-
induced plasma extravasation in naive (A), SGE-sensitized (B) and
terfenadine-treated SGE-sensitized mice (C). Terfenadine (30 mg/kg)
was perorally administered 30 min before exposure to mosquito bites.
Scale bar = 5 mm.

DISCUSSION

There are histamine, polyamines, esterases and peptides
in the salivary gland of the mosquito (21). However, as
the first mosquito bites (and the first injection of extract of
salivary gland) did not increase scratching in mice, these
substances in saliva may not be pruritogenic. Repetition of
mosquito bites and SGE injection increased scratching
and the increased response to the bite was sustained at an
interval of 2 months. In addition, mosquito bites elicited
apparent scratching in mice that had been given repeated
injections of SGE. The results are consistent with mosquito

bite-induced pruritus in humans (13, 22) and suggest that
scratching was due to the sensitization to antigen(s) in saliva.
The scratching after mosquito bites and SGE injection was
relatively fast in onset and almost subsided by 60 min.
Therefore, this response may be due to the immediate aller-
gic reaction. In human subjects, mosquito bites induce
delayed reactions as well as immediate reactions (13, 15).
A delayed papule was also reported in mice (18). Whether
mosquito bites elicit delayed type of itching in mice is an
interesting question to be clarified in a future study.

The serum concentrations of total IgE and IgG;, but not
1gG2a, in mice exposed repeatedly to mosquito bites were
about twice those of naive mice. The results are consistent
with another report in which serum concentrations of total
IgE and mosquito antigen-specific IgG;, but not IgG.,, were
increased in mosquito-sensitized mice (18). In addition,
repeated injections of SGE markedly increased plasma
extravasation after mosquito bites. These results support
the idea that the scratching is due to an immediate allergic
reaction.

Repeated injections of 1/10 SGE significantly increased
scratching, while those of 1/100 SGE produced a slight,
but not significant, increase. The number of scratch bouts
after repeated mosquito bites was a little more than that of
1/100 SGE injections. The eighth injection of 1/100 SGE
did not significantly elicit scratching, while mosquito bites
after 8 injections of 1/10 SGE induced significant and
remarkable scratching. Thus, the host might be given saliva
antigen in an amount corresponding to 1/100—1/10 SGE
during the feeding of mosquito.

The scratching following SGE injection was suppressed
by the opioid antagonist naloxone. Similarly, the opioid
antagonist inhibits pruritogen-induced scratching (6, 10)
and spontaneous scratching in mice with chronic dermatitis
(11). The opioid antagonists also inhibit itching and scratch-
ing in patients with pruritic diseases (23 —25) and hista-
mine-induced itch in normal volunteers (26). With these
findings taken into account, the present result suggests that
the scratching after SGE injection (and probably mosquito
bites) was an itch-associated response. I.d. injections of
various opioids do not increase scratching in mice (27). On
the other hand, intracisternal and intrathecal injections of
morphine and u-opioid receptor agonists elicit scratching,
which is suppressed by naloxone (27 —29). Therefore, the
primary site of inhibitory action of opioid antagonist on
itch-associated scratching may be the central, rather than
the peripheral, nervous system. With regard to human sub-
jects, itch is the common side effect of epidural and intra-
thecal injections of morphine (for review, see ref. 30), and
itch induced by epidural morphine is inhibited by naloxone
and opioid receptor antagonist (31, 32). Thus, it is possible
that opioid antagonists act on the central nervous system
to inhibit itching in human subjects and itch-associated
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response in mice.

The H, histamine receptor antagonists cetirizine and
ebastine inhibit mosquito bite-induced pruritus in human
subjects (13, 33). Based on these findings, it is suggested
that histamine plays an important role in mosquito-induced
itching. However, contrary to expectations, mosquito-in-
duced itch-associated responses of the mice were not af-
fected by the H;-histamine-receptor antagonist terfenadine
at a dose that inhibited histamine-induced itch-associated
responses. Thus, the results strongly suggest that histamine
does not play a primary role in mosquito-induced itching
in mice and raise the possibility of the involvement of itch
mediator(s) other than histamine. An increase in plasma
extravasation after mosquito bites under sensitized condi-
tions was almost completely inhibited by terfenadine, sug-
gesting that mosquito bites released histamine probably
from mast cells. Although the cutaneous concentration of
histamine after mosquito bites is unclear, it might not be
enough to induce itching in mice. Although our results do
not deny the role of histamine in mosquito-induced itching
in humans, it is possible that mediator(s) other than hista-
mine are also involved in mosquito-induced itching in
human subjects.

In mosquito-sensitized mice, mosquito antigens elicit an
immediate wheal reaction (18). In addition, the number of
mast cells is lower in the skin of mosquito-bitten ears
than in the skin of unbitten ears (34). Thus, mast cells
are certainly involved in allergic cutaneous reactions in
mosquito-sensitized mice. However, itch-associated re-
sponses following SGE injection were not apparently dif-
ferent between mast cell-deficient and normal control mice,
suggesting that there are mast cell-independent mecha-
nisms in allergic itching. At present, we do not know the
mechanisms of mosquito bite-induced itching. One possi-
ble explanation is that in sensitized conditions, allergic
reaction released itch mediator(s) from intradermal cells
other than mast cells. We can not deny the possibility that
the sensitivity of itch-signaling neurons was increased by
repetition of mosquito bites or SGE injection. However,
the number of scratch bouts elicited by an i.d. injection of
histamine was not significantly different between naive and
sensitized mice. Therefore, change in neuronal sensitivity
may not play a critical role in mosquito bite-induced itching
in mice.

In summary, we showed for the first time that mosquito
bite elicits scratching in mice. This scratching may be due
to itch associated with the immediate allergic reaction to
mosquito saliva. Mast cells and histamine may not play
important roles in this response. This mouse model of
mosquito itching may be useful for investigating the mecha-
nisms, especially a mast cell-independent system, of imme-
diate allergic itching.
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