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Effect of 5-aminosalicylate on allergic rhinitis model in mice
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Previous studies have shown that peroxisome proliferator-activated receptor γ (PPARγ) is involved in
allergic rhinitis. It has been reported that 5-aminosalicylate (5-ASA) has an affinity for PPARγ, but the effects
of 5-ASA on the nasal symptoms of allergic rhinitis are unclear. This study aimed to clarify the effects of 5-
ASA on nasal symptoms in an allergic rhinitis model in mice. Female BALB/c mice were sensitized by
intraperitoneal injection of ovalbumin (OVA) and aluminium hydroxide hydrate gel (alum) on days 0, 5, 14
and 21. Seven days later, mice were sensitized by the intranasal application of OVA thrice a week. 5-ASA was
also administered orally after instillation of the antigen from day 28. The severity of allergic rhinitis was
assessed by determining the extent of 2 nasal allergic symptoms—sneezing and nasal rubbing. In addition,
serum OVA-specific immunoglobulin E (IgE) antibody, interleukin (IL)-4, and IL-10 levels in nasal lavage
fluid and histamine sensitivity were determined. Repeated oral administration of 5-ASA attenuated the
progression of nasal symptoms in sensitized mice in a dose-dependent manner. Additionally, 5-ASA
prevented an increase in histamine sensitivity. Finally, 5-ASA inhibited both OVA-specific IgE antibody and
IL-4 production; however, it had no effect on IL-10 levels. These results indicate that 5-ASA has a
prophylactic effect on allergic rhinitis.
-u.ac.jp (Y. Sugimoto).
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1. Introduction

Peroxisome proliferator-activated receptor γ (PPARγ) is a subtype
of PPAR that serves as a transcriptional regulator of genes involved in
adipocyte lipid metabolism [1]. It has been reported that PPARγ is
expressed on monocytes and macrophages; therefore, there has been
much interest in the involvement of PPARγ in inflammatory processes
[2]. In addition, PPARγ is expressed in immune cells and involved in
the production of cytokines [3]. Ueki et al. reported that the PPARγ
agonist troglitazone suppresses allergic airway symptoms in mice [4].
It has also been reported that the PPARγ agonist rosiglitazone
suppresses nasal allergy [5–7]. Therefore, the evidence suggests that
PPARγ agonists represent a new target of treatment for allergic
rhinitis. However, it is also well known that treatment with
thiazolidinediones, namely, pioglitazone, rosiglitazone, and ciglita-
zone, has been associated with an increase in the risk of heart failure,
fluid retention, and peripheral edema [8–11]. Therefore, other types of
medication are required for patients suffering from allergic rhinitis.

Recently, Rousseaux et al. [12] and Dubuquoy et al. [13] reported
that 5-aminosalicylic acid (5-ASA) has an affinity for PPARγ. 5-ASA is
widely used in the treatment of Crohn's disease and ulcerative colitis,
2 major human forms of chronic inflammatory bowel disease (IBD). It
is well known that mast cells play a central role in IBD, and it has been
observed that 5-ASA suppresses antigen-stimulated histamine release
from rat peritoneal mast cells [14]. Barrett et al. also reported that
sulfasalazine, a precursor of 5-ASA, causes a dose-dependent
inhibition of anaphylactic histamine release from rat peritoneal
mast cells [15]. Therefore, we hypothesize that 5-ASA suppresses
nasal symptoms in a rhinitis model in mice.

In this study, we investigated the effects of repeated oral
administration of 5-ASA on nasal symptoms, the progression of
sensitivity to histamine, ovalbumin (OVA)-specific immunoglobulin E
(IgE) antibody levels, and cytokine (interleukin (IL)-4 and IL-10)
levels in sensitized mice to elucidate the mechanism of 5-ASA.

2. Materials and methods

2.1. Animals

Six-week-old female BALB/c mice were obtained from Japan SLC
(Shizuoka, Japan).

Animals were maintained in an air-conditioned room with
controlled temperature (24 °C±2 °C) and humidity (55%±15%).
They were housed in plastic cages lined with sawdust and kept
under a light–dark cycle (lights on from 0700 to 1900 h). Food and
water were freely available with the exception of test periods. All
procedures involving animals were conducted in accordance with the
Guidelines for Animal Experiments at Okayama University Advanced
Science Research Center, and all procedures were licensed by the
Animal Research Control Committee of Okayama University.
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2.2. Materials

The following drugs were used in this study: 5-ASA (Sigma, St.
Louis, MO, USA), histamine dihydrochloride (Sigma), OVA (grade VII;
crystallized and lyophilized, essentially salt-free, Sigma), and alumin-
ium hydroxide hydrate gel (alum, LSL, Tokyo, Japan). 5-ASA was
suspended in 0.5% carboxymethylcellulose (CMC) solution. After
antigen instillation, 5-ASAwas administered orally thrice a week from
day 28 until day 63.
2.3. Sensitization

Female BALB/c mice were sensitized by administering an intraper-
itoneal injection of OVA (1 µg) in 200 µl of saline containing alum
(100 µg) as an adjuvant on days 0, 5, 14, and 21. Local sensitization was
then performed thrice a week, starting from day 28, by instilling OVA in
physiological saline (100 mg/ml, 2 μl) into the bilateral nasal cavities.
2.4. Evaluation of nasal symptoms in mice

Before the experiment, the animals were placed in an observation
cage (31×25×18 cm) for approximately 10 min for acclimatization.
After nasal instillation of the antigen solution (OVA 100 mg/ml, 2 μl)
into the bilateral nasal cavities using a micropipette, the animals were
placed back into the observation cage (one animal/cage), and the
frequency of sneezing and nasal rubbing was counted for 30 min.
Nasal symptoms were observed weekly.
2.5. Measurement of nasal responsiveness to histamine

To estimate the nasal responsiveness to histamine, nasal symp-
toms were measured after intranasal instillation of a histamine
solution. On day 63, 2 µl of increasing doses of histamine in saline
solution (0.1, 1, 10, 100, and 1000 nmol/mouse) were consecutively
instilled into each nasal cavity at 60-min intervals. Sneezing and nasal
rubbing were counted for 10 min after the instillation of each
histamine dose.
2.6. Measurement of serum OVA-specific IgE antibody

Blood specimenswere collected from the ophthalmic veins 24 h after
the last intranasal provocationwith the antigen. Serumwas obtained by
centrifugation (700×g for 10 min at 4 °C) and stored at −20 °C until
measurement. OVA-specific IgE antibody in the serumwasmeasured by
enzyme-linked immunosorbent assay (ELISA), using a DS mouse IgE
ELISA (OVA) kit (Dainippon Sumitomo Pharma, Osaka, Japan).
2.7. Collection of nasal lavage fluid

The nasal lavage fluid was collected 24 h after the last intranasal
provocation with the antigen. After euthanasia, the trachea was
ligated at the upper level and a catheter was guided into the
nasopharynx. The nasal passages were gently perfused with 1 ml
cold phosphate-buffered saline and collected in a tube. Corrected
nasal lavage fluid was centrifuged at 700×g for 10 min at 4 °C to
separate cells and supernatants.
Fig. 1. Preventive effect of 5-ASA on sneezing (A) and nasal rubbing (B) induced by
antigen in sensitized mice. 5-ASA was administered orally after instilling the antigen
three times a week from day 28. The number of sneezing and nasal rubbing were
counted for 30 min immediately after the nasal challenge. Open circle: control group.
Closed circle: 5-ASA (0.1 mg/kg) treated group. Open triangle: 5-ASA (1 mg/kg) treated
group. Closed triangle: 5-ASA (10 mg/kg) treated group. Each point and vertical bar
shows the mean±S.E.M. of 10 mice. *, **: Significantly different from control group at
Pb0.05 and Pb0.01, respectively.
2.8. Measurement of amounts of IL-4 and IL-10 in the nasal lavage fluid

The amounts of IL-4 and IL-10 in the nasal lavage fluid were
measured with ELISA, using a mouse IL-4 and IL-10 ELISA quantitation
kit (R&D Systems, Inc., Minneapolis, MN, USA).
2.9. Statistical analysis

All experimental data are shown as the mean±S.E.M. Statistical
analysis of the data was performed with one-way analysis of variance
(ANOVA) followed by a Dunnett's test for multiple comparisons. A
probability value less than 0.05 was considered statistically significant.

3. Results

3.1. Effect of 5-ASA on nasal symptoms in sensitized mice

As shown in Fig. 1, repeated oral administration of 5-ASA caused a
dose-dependent inhibition of sneezing and nasal rubbing in mice.
Significant effects were observed fromday 35 at a dose of 10 mg/kg and
from day 49 at a dose of 1 mg/kg throughout the experimental period.

3.2. Effects of 5-ASA on acquisition of histamine sensitivity

Fig. 2 shows the frequency of sneezing and nasal rubbing induced
by histamine in non-sensitized, sensitized, and 5-ASA (10 mg/kg)-
treated sensitized mice. Intranasal application of the histamine
solution resulted in an increase in nasal symptoms in non-sensitized
mice. In the case of sensitized mice, sensitivity to histamine was
increased. In contrast, repeated 5-ASA treatments inhibited the
acquisition of histamine sensitivity.

3.3. Effects of 5-ASA on serum OVA-specific IgE antibody and nasal IL-4
and IL-10 levels

Repeated oral administration of 5-ASA at a dose of 10 mg/kg
resulted in a significant decrease in serum OVA-specific IgE antibody



Fig. 2. Effect of repeated treatment of 5-ASAon sensitivity for histamine. Sneezing (A) and
nasal rubbing (B) induced by histamine solution were counted for 10 min, using non-
sensitized mice, sensitized mice (control mice at day 63) and 5-ASA (10 mg/kg) treated
mice at day 63. Each column and vertical bar shows the mean±S.E.M. of 10 mice.
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levels (Fig. 3A). In addition, 5-ASA dose-dependently inhibited the
production of IL-4 in the nasal lavage fluid, with a significant effect
observed at a dose of 10 mg/kg (Fig. 3B). In contrast, 5-ASA had no
significant effect on the production of IL-10 in the nasal lavage fluid
(Fig. 3C).
Fig. 3. The effects of 5-ASA on serumOVA-specific IgE antibody, and nasal IL-4 and IL-10
levels. OVA -specific IgE antibody (A) measured from serum of mice at day 64. IL-4 (B)
and IL-10 (C) were measured from nasal lavage fluid of mice at day 64. Each column
and vertical bar shows the mean±S.E.M. of 10 mice. *: Significantly different from
control group at Pb0.05.
4. Discussion

In the present study, the nasal symptoms of untreated mice
increased with systemic sensitization and repeated local sensitization.
Yokota et al. reported that nasal allergies in BALB/c mice increase in
the same manner [16]. In contrast, 5-ASA administration caused a
dose-related suppression of sneezing and nasal rubbing in sensitized
mice. In ulcerative colitis, 5-ASA has been found to have an anti-
inflammatory effect via the inhibition of inflammatory cell infiltration,
suppression of platelet activating factor (PAF) generation, and
inhibition of histamine release [17,18]. It is well known that histamine
is one of the major chemical mediators of allergic symptoms [19,20].
Therefore, it is suggested that 5-ASA inhibition of histamine release
from mast cells contributed to the anti-allergic effect in the present
study.

Additionally, sensitization increased the sensitivity to histamine in
mice, that is, lower doses of histamine increased sneezing and nasal
rubbing in sensitized mice more than in normal mice. For this reason,
nasal allergy progressed in connection with sensitization as a result of
nerve elongation to the nasal dermis. In human patients with nasal
rhinitis, detectable levels of nerve growth factor (NGF) increase in the
nasal mucosa, and the sensory nerve is extended to the dermis [21].
However, mice that received repeated doses of 5-ASA did not acquire
sensitivity to histamine due toprotection fromdestructionof the barrier
function of the nasalmucosa. In addition, it has been reported that PPAR
agonists inhibit tumor necrosis factor-α (TNF-α) production in mast
cells [22]. TNF-α is said to be an important factor for inflammationand is
also associated with NGF production [23]. Furthermore, increased NGF
production by keratinocytes results in nerve elongation. Thus, 5-ASA
may prevent sensory nerve growth due to the inhibition of TNF-α
production that results from stimulation of PPARγ.

Data from the present study show that repeated treatment with 5-
ASA induces a decrease in OVA-specific IgE antibody production in
sensitized mice. In addition, IL-4 levels in nasal lavage fluid are
affected by 5-ASA treatment. IL-4 is one of the T-helper 2 (Th2)
cytokines, which exacerbate nasal allergy. IL-10 seems likely to have a
suppression effect on inflammation; it is said to be a suppressive
cytokine [24]. It has been reported that 5-ASA has an affinity for
PPARγ, one of the family of nuclear receptors that is known to be
involved in lipid metabolism and glucose metabolism [12]. Recently,
PPARγ expression has been found in eosinophils andmast cells, which
are types of immune cells [4,25]. Additionally, Kang et al. reported that
the expression of PPARγ mRNA and protein in the nasal mucosa
increased in patients with perennial allergic rhinitis [26]. Thus, it is
suggested that the activation of PPARγ negatively controls the
activation of mast cells. It has also been reported that rosiglitazone
suppresses nasal allergy [5–7]. Sugiyama et al. reported that
ciglitazone regulates the cytokine production of mast cells [27].
Furthermore, it has been reported that rosiglitazone modulates the
production of Th2 cytokines in vivo [6]. Because PPARγ activation
plays an important role in the production of cytokines, it is thought
that 5-ASA also regulates cytokine production via PPARγ activation.
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Tachibana et al. reported that PPARγ is involved in histamine
synthesis [25]. In addition, Maeyama et al. reported that the histamine
content in mast cells decreases by incubation with the endogenous
PPARγ ligand 15-deoxy-Δ (12, 14)-prostaglandin J2, because expres-
sion of histidine decarboxylase, the sole histamine synthesis enzyme,
is suppressed [28]. Moreover, Maeyama et al. reported that the long-
term challenge of PPARγ to mast cells induced inhibition of mast cell
maturation [28]. Thus, 5-ASA may suppress maturation of mast cells
via PPARγ. These findings suggest that the inhibitory effects of both
histamine and cytokine productionmay contribute to the anti-allergic
activity of 5-ASA.

In clinical practice, the controlled-release 5-ASA preparation that
is prescribed for IBD seems to exert its effect directly and locally on the
large intestine. Therefore, it is thought that controlled-release 5-ASA
is largely unabsorbed by the small intestine. For this reason, 5-ASA is
thought to lack efficacy in treating allergic rhinitis in clinical practice.
We propose that 5-ASA can affect allergic symptoms in clinical
practice if the blood concentration of 5-ASA rises sufficiently by the
administration of 5-ASA itself.

In conclusion, 5-ASA suppresses nasal allergy through inhibitory
effects on serum IgE and nasal IL-4 levels. Moreover, we suggest that
PPARγ activation is involved in the anti-allergic effect induced by 5-ASA.
Therefore, 5-ASA is promising as an innovative agent that targets PPARγ
for the suppression of the underlying processes of allergic rhinitis.
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