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ARTICLE INFO ABSTRACT

Keywords: Aims: Allergic rhinitis is a global cause of disability, characterized by airway inflammation. Sumatriptan is a 5-
Sumatriptan hydroxytryptamine 1B/1D (5HT1B/1D) agonist used as a treatment for migraine headaches. Activation of
Allergic rhinitis 5HT1B/1D receptors can inhibit the release of neuropeptides and inhibit the inflammation cascades. This study
Mice

investigated the effect of sumatriptan on ovalbumin-induced allergic rhinitis model in mice and the role of nitric
oxide.

Methods: Female Balb/c mice were sensitized by intraperitoneal ovalbumin and challenged by intranasal
ovalbumin. Mice received sumatriptan in doses 3, 10, 30 ug/kg intraperitoneally, 30 min before the last oval-
bumin challenge.

Key findings: Intraperitoneal injection of sumatriptan significantly decreased the nasal scratching, IL-4 and
serum IgE levels of allergic mice, but it increased IFNy levels. Histopathological analysis showed that the number
of eosinophils was significantly elevated in nasal mucosa of ovalbumin-induced allergic mice, while sumatriptan
treatment significantly reduced the number of eosinophils. GR-127935, a selective 5-HT1B/1D-receptor an-
tagonist, reversed the anti-allergic effects of sumatriptan. Acute administration of .-NAME, a non-specific in-
hibitor of nitric oxide synthase, along with sumatriptan attenuated the anti-allergic effects of sumatriptan but
chronic administration of .-NAME did not affect the influences of sumatriptan. Furthermore, sumatriptan de-
creased the inducible nitric oxide synthase (iNOS) protein expression in allergic mice, but it did not change the
concentration of eNOS protein.

Significance: This study shows that sumatriptan administration is associated with anti-allergic effects which are
through 5HT1B/1D receptors. Decrease in iNOS expression and changes in T-helper 1&2 cytokines levels may
indicate the involvement of inducible NOS and inflammation.

Nitric oxide
5HT1B/1D receptors

1. Introduction

Allergic rhinitis is a chronic condition that affects the upper airway.
About 500 million people in the world suffer from this disorder [1]
which leads to decreased quality of life in both adults and children not
only in physical aspects but also in mental function, besides it increases
societal expenses [2,3]. The hallmark of allergic reactions is determined
by antigen-specific immunoglobulin E (IgE) production; T helper-1&
2 cells, eosinophils, mast cells increase; and allergic mediators release
[4]. After an increase in IgE production and its binding to receptors on
mast cells, eosinophils, and basophils; the release of inflammatory
mediators occurs. These events are associated with vasodilation,

increased vascular permeability, and acute functional changes in af-
fected organs as airway mucus secretion [5]. The treatment of this
disease now includes avoiding allergens and medications including
corticosteroids, antihistamines, anticholinergics, decongestants, leuko-
triene receptor antagonists, mast cell stabilizers and immunotherapy
[6] which most of them cause various side effects [7-10].
Sumatriptan is a 5-hydroxytryptamine 1B/1D (5HT1B/1D) re-
ceptors agonist which has been used as a treatment for migraine
headaches to control the pain and associated symptoms [11]. 5HT1
receptors are a subfamily of serotonin receptors that couple to Gai (2)
and decrease intracellular cyclic adenosine monophosphate (cAMP) due
to inhibition of adenylyl cyclase [12]. Sumatriptan mechanism of action
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can be described as the following: it causes vasoconstriction at cerebral
arteries via 5-HT1B receptors leading to decreased blood flow [13]. It
also inhibits pro-inflammatory neuropeptides release in trigeminal fi-
bers via 5-HT1D receptors, prevents neurologic inflammation by
blocking plasma protein leakage, and decreases plasma calcitonin gene-
related peptide (CGRP) levels [14,15]. In previous studies, 5HT1B re-
ceptors are detected around blood vessels in human nasal mucosa [16].
A previous experiment demonstrated that intranasal serotonin has
caused sneezing and nasal discharge in normal people [17]. Also, high
levels of serotonin is detected in the nasal mucosa and nasal discharge
of allergic patients [18,19]. Previous studies documented that SHT1B/
1D receptors activities were along with other receptors and transmit-
ters, as it was shown that nitric oxide (NO) is involved in various effects
of sumatriptan in the experimental models [20].

Nitric oxide (NO) is a signaling molecule, generating from arginine
with roles in many physiological functions [21].It has been detected in
animal and human exhaled air [22]. Nasal NO concentration is elevated
in allergic rhinitis patients [23]. In addition, the interaction of NO and
sumatriptan has been revealed in some studies including chloroquine-
induced scratching, morphine-induced antinociceptive tolerance and
pentylenetetrazole-induced seizures models [45-47].

Therefore, the aim of this experiment is to assess the possible role of
sumatriptan, a SHT1B/1D receptors agonist, in allergic rhinitis model
in mice and the role of the nitric oxide pathway.

2. Methods
2.1. Animal

Female balb/c mice of 8-10 weeks of age and free of murine-specific
pathogens were randomly used. All animals had free access to food and
water, had ovalbumin free diet and were maintained in facilities with
12h light and dark cycle and temperature of 23 *+ 2°C. Groups of 8
mice were used in this experiment. All procedures were conducted in
compliance with guidelines of the US National Institute of Health (NIH
Publications No. 8023, revised 1978) and institutional Guideline for the
Care and Use of Laboratory Animals with the approval of Tehran
University Research and Medical Ethics Committees
(IR.TUMS.MEDICINE.REC.1397.766). All behavioral experiments car-
ried out at the same time of the day. Each mouse was used only once in
this study.

2.2. Chemical

The following drugs were used throughout this study: Sumatriptan,
a 5HT1B/1D receptor agonist (Sigma, USA); GR127935, a selective 5-
HT1B/1D-receptor antagonist (Sigma, USA); .-NAME [L-NG-Nitro-L-
arginine methyl ester hydrochloride], a non-specific inhibitor of NOS
(Sigma, USA); Ovalbumin, a drug used to trigger T cell activation
(Sigma, USA), Al(OH)3[aluminum hydroxide] (Sigma, USA). All che-
micals, including aluminum hydroxide gel, sumatriptan, .-NAME, and
GR127935 were dissolved in normal saline and administered in-
traperitoneally (i.p.). Ovalbumin injected intraperitoneally (i.p.) in day
1, 5, 14 and 21, then it was administered intranasally in day 22-35.

2.3. Paradigm

To induce allergic rhinitis, mice were sensitized with ovalbumin
40 pug/kg and hydroxide aluminum 40 mg/kg by intraperitoneal injec-
tion on days 1, 5, 14, 21. Then they were challenged for 14 days by
intranasal administration of 20 pl ovalbumin in a dose of 25mg/ml
[24-26]. Vehicle-treated group received only saline during the men-
tioned time. A single injection of sumatriptan (3, 10, 30 pug/kg, i.p.) was
done 30 min before the last ovalbumin nasal challenge in 35th day.
Mice received GR127935 (10 pg/kg, i.p.) 10 min before vehicle or su-
matriptan (3 pg/kg, i.p.) and 40 min before the last ovalbumin nasal
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challenge in 35th day. :-NAME (10mg/kg, i.p.) was administered
15 min before vehicle or sumatriptan (3 pg/kg, i.p.) and 45 min before
the last ovalbumin nasal challenge in 35th day. Finally, mice received a
chronic injection of .-NAME (10 mg/kg, i.p.) before allergen on days 1,
5, 14, 21, and 15 min before vehicle or sumatriptan (3 pg/kg, i.p.) on
the 35th day.

2.4. Nasal scratching behavior evaluation

Immediately after the last nasal challenge, each mouse was recorded
for 10 min for the evaluation of nasal scratching behavior. The videos
were independently observed by two blind expert observers. After that,
mice were anesthetized with ketamine (80 mg/kg, i.p.) and xylazine
(10 mg/kg, i.p.); their blood samples were gathered, and nasal cavities
were removed.

2.5. Nitric oxide synthase protein expression measurement

We measured iNOS (inducible nitric oxide synthase) and eNOS
(endothelial nitric oxide synthase) protein expression in nasal tissue of
mice using Western blot method using manufacturer's protocols. [NOS2
(C-11): sc-7271 (SANTA CRUZ BIOTECHNOLOGY, INC.) and NOS3 (A-
9): sc-376751 (SANTA CRUZ BIOTECHNOLOGY, INC.)].

2.6. Immunoglobulin E, IL-4 and IFNy measurement

After anesthesia cardiopuncture was done to collect mice blood.
Blood samples were centrifuged to obtain serum. The samples were kept
at —80°C. Serum total IgE, IL-4 and IFNy levels were measured by
Mouse IgE, IL-4 and IFNy ELISA (enzyme-linked immunosorbent assay)
Kits (Sigma, USA) following the manufacturer's protocol.

2.7. Histopathology

After anesthesia with ketamine and xylazine on day 35, all nasal
cavities were removed, fixed in 10% formalin and placed in ethylene
diamine tetra-acetic acid (EDTA, (ReAgent, Runcorn, England)] solu-
tion, until decalcification. The sections of 4 um were obtained from
paraffin-embedded sinonasal structures followed by routine hematox-
ylin and eosin staining. Eosinophils identified as bi-lobed cells with
bright red eosinophilic cytoplasm were counted in 3 non-overlapping
high-power-fields ( X 40 field area: 0.24 mm?) of the respiratory mu-
cosa by two pathologists under a double-headed light microscope
(BX51, Olympus Co, Tokyo, Japan). In each field, the mean counts of
the 2 observers were recorded.

2.8. Statistics

Data are presented as the mean + standard error of the mean
(S.E.M). The one-way analysis of variance (ANOVA) followed by Tukey
multiple comparisons and Bonferroni post hoc test were used to in-
dicate the statistical significance of differences between the experi-
mental means. P value < 0.05 was considered significant for all ana-
lyses. Graph-pad prism software version 6 was used to analyze the data.

3. Results
3.1. Effects of sumatriptan on ovalbumin-induced allergic rhinitis in mice

Fig. 1 shows the effects of ovalbumin, aluminum hydroxide gel, and
sumatriptan in mice. The group that were sensitized and challenged by
ovalbumin showed significantly more scratching behavior compared to
the vehicle group that was challenged with normal saline only
(P=0.001). Sumatriptan as a treatment in doses of 3, 10, 30 ug/kg de-
creased the scratching events significantly compared to allergic group
(P=0.001; Fig. 1). Interestingly, the dose of 3pug/kg sumatriptan
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Fig. 1. Sumatriptan blocks ovalbumin, aluminum hydro-
xide induced allergies in female balb/c mice. Sumatriptan
was administrated in doses 3, 10, 30 pg/kg in-
traperitoneally 30 min before the last ovalbumin nasal
challenge on the 35th day. Data are presented as
means + S.EM (n = 8). ***P < 0.001 compared with
saline + saline group, ***P < 0.001 compared with

HH##H saline + ovalbumin & Al (OH); treated group.

Ovalbumin + AI(OH),

eliminated the scratching behavior remarkably; in which there was no
significant difference with saline-treated animals. This dose of suma-
triptan was chosen as the most effective dose for the following ex-
periments.

3.2. Effects of GR-127935 on ovalbumin-induced allergic rhinitis in mice

Fig. 2 illustrates the effect of GR-127935, as a selective 5-HT1B/1D-
receptor antagonist, on ovalbumin-induced allergic rhinitis in mice.
Mice received GR-127935 (10 pg/kg) 10 min before normal saline or
sumatriptan (3 pg/kg). While GR-127935 (10 pg/kg) injected along
with sumatriptan 3pg/kg it significantly reversed the effect of
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sumatriptan treated group (P=0.001; Fig. 2); it was not effective when it
was injected before normal saline.

3.3. Effects of acute :-NAME injection on ovalbumin-induced allergic
rhinitis in mice

Fig. 3 shows the effect of acute injection of .--NAME on ovalbumin-
induced allergic rhinitis in mice. .-NAME (10 mg/kg, i.p.) was ad-
ministered 15 min before vehicle or sumatriptan (3 pg/kg, i.p.) in al-
lergic mice. Acute injection of .-NAME along with sumatriptan atte-
nuated the sumatriptan protective effect on ovalbumin-induced
scratching in mice (P = 0.001), but it was not effective when it was

Fig. 2. GR127935 reverses the anti-allergic effect of su-
matriptan in ovalbumin-induced allergic rhinitis in mice.
GR127935 (10 pg/kg) was injected intraperitoneally

*kk

eee 10 min before ovalbumin or normal saline on the 35th
day. Data are presented as means * S.EM (n = 8).
***p < 0.001 compared with saline + saline group,
###p < 0.001 compared with saline + ovalbumin & Al
(OH); treated group, ®®® P < 0.001 compared with
sumatriptan (3 pg/kg) treated group.

&
&%

Ovalbumin + AI(OH),
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Fig. 3. Acute injection of .1-NAME attenuates the anti-al-
lergic effect of sumatriptan in ovalbumin-induced allergic
rhinitis in mice. .-NAME (10 mg/kg, i.p.) was injected
15 min before normal saline or sumatriptan (3 pg/kg, i.p.)
on the 35th day. Data are presented as means + S.E.M
(n = 8). ***P < 0.001 compared with saline + saline

ok group, ***P < 0.001 compared with saline + oval-
Hi# bumin & AI(OH); treated group, ®@ P < 0.01 compared
ee with sumatriptan (3 ug/kg) treated group.
-
&
R
o~
&

Ovalbumin + AI(OH),

injected before normal saline in vehicle group compared to vehicle
(P > 0.05).

3.4. Effects of chronic 1.-NAME injection on ovalbumin-induced allergic
rhinitis in mice

Fig. 4 illustrates the effect of chronic .-NAME injection on oval-
bumin-induced allergic rhinitis in mice. Mice received a chronic in-
jection of .-NAME (10 mg/kg, i.p.) before allergen on days 1, 5, 14, 21
and 35; these animals received vehicle or sumatriptan (3 ug/kg, i.p.)
only in the last day (35th day). Chronic injection of .-NAME alone did
not show significant alteration in scratching behavior in mice compared
vehicle and sumatriptan-treated animals (P > 0.05). Chronic
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The number of nose scratching (10 min)

administration of .-NAME along with sumatriptan, did not change the
sumatriptan effect on the scratching behavior compared to allergic
group (P > 0.05).

3.5. Western blot analysis of iNOS and eNOS proteins in nasal tissue

Fig. 5 shows the iNOS (inducible nitric oxide synthase) and eNOS
(endothelial nitric oxide synthase) proteins expression in nasal tissue of
saline + saline group, allergic-rhinitis induced animals, and suma-
triptan (3 pg/kg) treated groups. Western blot analysis of revealed that
nasal tissue iNOS protein concentration was significantly higher in al-
lergic-rhinitis group compared to saline + saline group (P < 0.0001).
Interestingly, sumatriptan (3 pg/kg) significantly reduced this elevated

Fig. 4. Chronic injection of L.-NAME has no significant
effect on anti-allergic effect of sumatriptan in ovalbumin-
induced allergic rhinitis in mice. Mice received a chronic
injection of .-NAME (10 mg/kg, i.p.) before allergen on
days 1, 5, 14, 21 and 35; these animals received saline or
sumatriptan (3 pg/kg, i.p.) in the last day (35th day). Data
are presented as means + S.E.M (n = 8). ***P < 0.001
compared with saline + saline group, **#*P < 0.001
compared with saline + ovalbumin & Al(OH); treated

#HH## group.

Ovalbumin + AI(OH),
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Fig. 5. The effects of sumatriptan (3 pg/kg) on expression of iNOS- and eNOS-proteins in the nasal tissue of allergic-rhinitis induced mice. Data are presented as
means * S.E.M. 3 mice were used in each experiment. **P < 0.01 vs saline + saline group, ***P < 0.001 vs saline + saline group, ###P < 0.001 vs

saline + allergen (ovalbumin + Al (OH)3).

concentration of iNOS compared to allergic-rhinitis
(P < 0.0001).

The level of eNOS was also significantly higher in allergic-rhinitis
group compared to saline + saline group (P < 0.001) assessed by
western-blotting technic, but sumatriptan did not have any significant
effect on eNOS expression compared to allergic-rhinitis group

(P > 0.05).

group

3.6. IgE assessment

Table 1 shows the measured IgE levels in mice serum. The IgE level
in the group that were sensitized and challenged with ovalbumin was
significantly higher than the vehicle group that was sensitized and
challenged with normal saline (P < 0.001). Sumatriptan in doses of 3
and 10 ug/kg significantly decreased the IgE levels compared to the
allergic group (P < 0.001). IgE level in the group that received
GR127935 (10pg/kg) along with sumatriptan (3 ug/kg) was sig-
nificantly higher than sumatriptan treated group (P < 0.001); however
GR127935 injection in vehicle group did not significantly change the
IgE level (P > 0.05). Acute injection of i-NAME (10 mg/kg) along with

sumatriptan (3 pg/kg) significantly increased the IgE level compared to
sumatriptan (3 pg/kg) + allergen group (P < 0.001), but acute r-
NAME (10 mg/kg) injection in vehicle group did not affect the IgE level
(P > 0.05). Chronic injection of .-NAME (10 mg/kg) along with su-
matriptan (3 pg/kg) also significantly increased the IgE level compared
to sumatriptan (3 pg/kg) + allergen group (P < 0.001), but it was not
effective in the vehicle group (P > 0.05).

3.7. Serum interlukin-4 and interferon gamma measurement

Fig. 6 represents interlukin-4 (IL-4) level (a TH2 marker) in mice
serum. The allergic group had significantly higher IL-4 level compared
to saline + saline group (P < 0.0001). Sumatriptan (3 ug/kg) sig-
nificantly decreased the IL-4 level compared to allergic group
(P < 0.0001). Acute administration of .-NAME (10 mg/kg) along with
sumatriptan (3 pug/kg) significantly increased the IL-4 level compared to
the group that received sumatriptan (3 pg/kg; P < 0.01). Whereas,
chronic administration of .-NAME (10 mg/kg) along with sumatriptan
did not change the sumatriptan effect on IL-4 levels.

Fig. 7 shows serum interferon gamma (IFNy) level as a TH1 marker.



S. Hemmati, et al.

Table 1
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The measured Immunoglobulin E levels in mice serum. The immunoglobulin E levels were measured using enzyme-linked im-

+

munosorbent assay. Data are presented as means

S.EM. 8 mice were used in each experiment. ***P=0.001 vs

saline + saline.”##P=<0.001 vs saline + allergen (ovalbumin + Al (OH)3). @@@p<( 001 vs sumatriptan (3 pg/kg) + allergen treated

group.

groups

IgE level (IU/ml) Statistical difference

Saline + saline
Saline + allergen (ovalbumin + Al(OH)3)
Sumatriptan (10 pg/kg) + allergen

Sumatriptan (3 ug/kg) + allergen

GR-127935 + allergen
GR-127935 + Sumatriptan + allergen

Acute .-NAME + allergen
Acute .-NAME + Sumatriptan + allergen

Chronic .-NAME + allergen
Chronic 1-NAME + Sumatriptan + allergen

7 + 0.0
87.5 + 9.81 ##%P<(,001
34 + 2.30 ##%P<0,001

###p<0.001
23.5 * 4.04 #¥%p=0,001

###p<0.001
41 + 5.47 ##%P=(,001
85.5 * 6.02 ##%P=(,001

@@@p=<0,001
31.5 * 4.92 ##%p=<0,001
49 + 3.28 ##%P=(,001

@@@p<0,001
40 + 14.24 ##¥P<0,001
89.66 + 0.51 ##%P<(,001

@@@p=<0,001

Serum IFNy was significantly lower in allergic group compared to
saline + saline group (P < 0.0001). Sumatriptan (3 ug/kg) sig-
nificantly increased IFNy levels compared to allergic group
(P < 0.0001). Acute injection of L.-NAME along with sumatriptan
(3 ug/kg) significantly decreased IFNy level compared to the group that
received sumatriptan (3 pg/kg; P < 0.0001). But chronic administra-
tion of .-NAME did not show any significant impact.

3.8. Histopathology assessment

Table 2 shows the average number of eosinophils counted in 3 non-
overlapping high-power-fields ( x 40 field area: 0.24 mm?) of the si-
nonasal mucosa. The number of eosinophils in the group that received
ovalbumin and Al (OH); was significantly higher than saline + saline
group (P < 0.0001). Sumatriptan in doses 3 and 10 ug/kg significantly
reduced the number of eosinophils compared to the ovalbumin + Al
(OH); group (P < 0.0001). Mice that received GR-127935 (10 pug/kg)

along with sumatriptan (3 pg/kg) had significantly higher eosinophils
compared to the sumatriptan treatment group (P < 0.01). Injection of
L-NAME (10 mg/kg) in acute form along with Sumatriptan (3 pg/kg)
significantly increased the eosinophils numbers compared to the group
that was treated with sumatriptan (3 pg/kg; P < 0.01). Chronic t-
NAME administration, however, did not significantly affect the number
of eosinophils in sinonasal mucosa compared to sumatriptan (3 pg/kg)
treated group (P > 0.05). Also, the histopathology pics are shown in
Fig. 8.

4. Discussion

This study demonstrates the effect of sumatriptan on allergic rhinitis
model induced by ovalbumin in mice and the role of nitric oxide.
According to the findings of this study, intraperitoneal administration
of sumatriptan, a SHT1B/D agonist, attenuated the nasal scratching
behavior in allergic mice. In our study, the serum IgE and the number of

60- Fig. 6. Measured interlukin-4 (IL-4) levels in mice serum.
The serum IL-4 level was measured using enzyme-linked
= Xkt immunosorbent assay. Data are presented as
§ T means *= S.E.M. 8 mice were used in each experiment.
2 40 @@ **%%p < 0.0001 vs saline + saline group,
= ####p < 0.0001 vs saline + allergen (ovalbumin + Al
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Fig. 7. Measured interferon gamma (IFNy) level in mice
serum. The serum IFNy level was measured using enzyme-
linked immunosorbent assay. Data are presented as
means = S.E.M. 8 mice were used in each experiment.
**%%p < 0.0001 vs saline + saline group,
####p < 0.0001 vs saline + allergen (ovalbumin + Al
(OH)3), ©®©©@@ p=<0,0001 vs sumatriptan (3 pg/kg) + al-
lergen group.
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Table 2

The average number of eosinophils counted in 3 non-overlapping high-power-
fields ( x 40 field area: 0.24 mm?) of the sinonasal mucosa. Data are presented
as means = S.E.M .8 mice were used in each experiment.*P~0.05, **P~0.01,
#¥%P=(,001 vs saline + saline. ®© P<0.01 vs sumatriptan (3 pg/kg) + allergen
treated group.###P<0.001 vs Saline + allergen (ovalbumin + Al(OH)3).

groups Number of Statistical
eosinophils in significance
sinonasal mucosa
of mice
(Mean * S.E.M)
Saline + saline 0.8889 + 0.7817
Saline + allergen (ovalbumin + Al(OH)3) 17.33 = 5.087 ***p=0.001
Sumatriptan (10 pg/kg) + allergen 6.000 = 3.295 ###p=<0,001
Sumatriptan (3 pg/kg) + allergen 3.444 + 1.509 ###p<0.001
GR-127935 + allergen 12.33 + 9.913 **¥p=0.001
GR-127935 + Sumatriptan + allergen 14.00 = 4.336 **%p=0.0001
@€ p=0.01
Acute 1-NAME + allergen 10.44 = 4.246 **P=0.01
Acute 1-NAME + Sumatriptan + allergen 12.44 = 5.525 @@ p<0.01
Chronic 1-NAME + allergen 10.00 = 5.060 *P=0.05
Chronic 1-NAME + Sumatriptan + allergen  8.667 * 3.386 -

eosinophils in histopathological assessments were significantly de-
creased after sumatriptan administration. Sumatriptan decreased serum
IL-4, but it increased IFNy levels compared to allergic group and re-
versed the TH2/TH1 ratio. The anti-allergic effect of sumatriptan was
reversed by GR-127935, a selective SHT1B/D receptors antagonist.
Acute treatment with .-NAME, non-selective NOS inhibitor, eliminated
all impacts of sumatriptan in allergic rhinitis induced with ovalbumin,
whereas the chronic administration of .-NAME did not change the su-
matriptan protective attitude. Sumatriptan also significantly reduced
nasal tissue iNOS protein expression compared to allergic mice, but it
did not have any significant effect on eNOS protein level. These results
can suggest that the anti-allergic effect of sumatriptan could be through
5HT1B/D receptors and nitric oxide pathway due to its anti-in-
flammatory effect.

Allergic rhinitis can significantly decrease the quality of individual

life with severe consequences on social expenses. The most important
parts of allergic reactions are T helper-2 cells, eosinophils, mast cells,
IgE production and allergic mediators release which result in acute
functional changes in affected organs [27].Serotonin has been sug-
gested as a mediator in allergic rhinitis [28] and previous studies
showed that human mast cells, which are one of the characteristic cells
in allergic rhinitis, can release serotonin [29]. Neuropeptides have a
role in the mechanism of allergic rhinitis by increasing nasal airway
resistance. They can also stimulate T cells, mast cells, eosinophils, and
induce chemotaxis of inflammatory cells [30]. Substance P and neu-
rokinin A, as sensory neuropeptides, and their receptors have been
detected in human airways [31]. 5-HT1B/1D receptors decrease cyclic
adenosine monophosphate (cAMP) due to inhibition of adenylyl cyclase
[12]. As a result activation of these receptors can inhibit the release of
many neuropeptides [32]. 5-HT1B/1D receptors can inhibit neurogenic
inflammation in peripheral nerves [33].

Sumatriptan activates SHT1B/1D receptors located on sensory
nerves and inhibits neuropeptides release via a pre-synaptic action. This
mechanism leads to inhibition of neurogenic plasma extravasation [34].
Administration of sumatriptan reduces CGRP in animal and human
studies [35]. It also inhibits the release of substance P [36].

There are many resemblances between migraine headaches and
allergic rhinitis. A previous study reported that more than 50% of pa-
tients with migraine have a history of allergic rhinitis [37]. Some
mediators including IgE, histamine, tumor necrosis factor-a (TNF-a),
CGRP, prostaglandins, interleukin-1, tryptase, and also activation of
mast cells and NO are important in both allergic rhinitis and migraine
headaches [38]. NO can cause neurogenic inflammation, vasodilatation
and increased vascular permeability and has an important role in pa-
thophysiology of allergic rhinitis. There is amplified evidence that
shows NO has a vital role in vasodilation and neurotransmission
pathways of nociceptive impulses in migraine headaches [39]. Sinus
headaches are common in allergic rhinitis patients. After binding of IgE
to mast cells and basophils, the release of inflammatory mediators can
cause acute symptoms. Activation of mast cells and basophils leads to
sinus headaches in individuals with allergic rhinitis. In addition, one of
the symptoms observed in late phase of allergic rhinitis, which occurs
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Fig. 8. Represents sections of eosinophilic infiltration in nasal mucosa tissue (Hematoxylin and Eosin staining; scale bars represent 0.1 and 0.2 mm): (A)
Saline + saline group. (B) Saline + Ovalbumin & Al (OH); group. (C) Sumatriptan (3 pg/kg) group. (D) Sumatriptan (10 pg/kg) group. (E) GR-127935 (10 pg/
kg) + Sumatriptan (3 pg/kg) group. (F) .-NAME (10 mg/kg; acute) + Sumatriptan (3 pg/kg) group. (G) .-NAME (10 mg/kg; chronic) + Sumatriptan (3 pg/kg)
group. Chevrons and arrows indicate acute + chronic inflammation and eosinophilic infiltration, respectively.

about 8h after the exposure to allergen, is headache. Some patients
who have symptoms of sinus headache response to sumatriptan [40].
In a previous study, 5SHT1B receptors were detected around blood
vessels in the human nasal mucosa.®Since SHT receptors are known to
cause vasoconstriction, it could be possible that SHT1B receptors are
involved in nasal secretions and airway resistance. It is also possible
that the effect of sumatriptan in alleviating allergic rhinitis symptoms
could be due to activation of 5SHT1B receptors in the nasal mucosa.

Eosinophils have an important role in pathophysiology of allergic
rhinitis, and the number of eosinophils is increased in nasal mucosa of
allergic patients [41]. There is a correlation between the symptoms
severity and inflammatory markers [42].In our study, the serum IgE
and the number of eosinophils in nasal mucosa were elevated after
induction of allergic rhinitis via ovalbumin and AL (OHs). Injection of
sumatriptan decreased serum IgE levels and airway eosinophils.

The balance between T Helper 2 and T Helper 1cells has an
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important role in many inflammatory processes. It is known that TH2
cytokines (including IL-4, IL-5 and IL-13) are involved in allergic in-
flammations. TH1 cytokines (including IL-12 and IFNY) can inhibit TH2
response and play a role in inhibiting allergic cascades [43].In our
study administration of sumatriptan decreased serum IL-4 level, while it
increased IFNy levels and therefore reversed the TH2/TH1 mediators’
ratio in allergic mice.

Nitric oxide (NO) is a signaling molecule which is generated by 3
isoforms of nitric oxide synthase (NOS) including inducible (iNOS),
endothelial (eNOS) and neuronal (nNOS). Sumatriptan can reduce NO
level in cats and rats brain and this mechanism may have a role in anti-
migraine effect of sumatriptan [44]. Read et al. reported that in a rat
model of migraine a single sumatriptan pre-treatment modulated the
cortical NO concentrations when compared to basal [45]. In a study on
electrical induced vasodilation in rats, sumatriptan inhibited the NO
overproduction by inhibiting CGRP release; NO overproduction was
observed in patients with severe headache [46]. sumatriptan has been
shown to decrease chloroquine-induced itching behavior through the
nitric oxide pathway [47]. Another study demonstrated that suma-
triptan in a dose of 1 mg/kg has an anti-convulsive effect, and it de-
creases the brain nitrate level in the mentioned dose [48].Also, in-
hibition of nitric oxide synthase blocks the effect of sumatriptan in
morphine-induced antinociceptive tolerance in mice [49].In addition,
studies indicated that Nitric oxide synthase (NOS) inhibitors are effec-
tive in the treatment of acute migraine [46,50].

Previous studies showed that NO generated by iNOS has in-
flammatory features, whereas NO produced by eNOS is anti-in-
flammatory [51,52]. In some studies iNOS level was higher in allergic
patients but eNOS and nNOS were not significantly different compared
to controls [53]. Another study showed that iNOS and eNOS were
higher in allergic patients [54]. Similar to mentioned articles, in our
experiment sumatriptan reduced iNOS level in nasal tissue of allergic
mice. It did not have any significant effect on eNOS level. Our results
also showed that acute administration of .-NAME, a non-specific in-
hibitor of NOS, along with sumatriptan decreased the inhibitory effects
of sumatriptan in scratching behavior, serum IgE level, TH2/TH1 bal-
ance and nasal mucosa eosinophils numbers compared to sumatriptan
treated mice, Whereas the chronic .-NAME injection did not affect the
inhibitory influence of sumatriptan, which could be related to re-
modeling mechanisms.

It would be wonderful if we could perform this experiment on knock
out mice for allergic rhinitis to get rid of all possible intervening var-
iations of this assessment. The next suggested step following this ex-
periment would be investigating the effects of sumatriptan in an allergic
rhinitis model of cell culture, and then on clinical trial studies.

5. Conclusion

The signs of allergic rhinitis, including nasal scratching behavior,
elevated serum IgE levels, TH2/TH1 ratio alteration, and airways tissue
eosinophils rise may be eliminated with acute sumatriptan treatment
through its impact on inflammatory mechanisms via 5SHT1B/1D re-
ceptors and nitric oxide pathway.
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