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Introduction: Suplatast tosilate is a medication that inhibits TH2-type
cytokines. We aimed to investigate the effects of suplatast tosilate
treatment and prophylaxis on lung histopathology and cytokine levels in
a mouse model of chronic asthma.
Materials and Methods: Forty-two BALB/c mice were divided into
6 groups: group I (control), group II (vehicle control), group III (dexa-
methasone), group IV (prophylaxis with suplatast tosilate), group V
(treatment with suplatast tosilate), and group VI (prophylaxis and
treatment with suplatast tosilate). All of the groups, except for the
control and vehicle control groups, were sensitized and challenged with
ovalbumin. The mice in the study groups, except those in the group
receiving suplatast tosilate for prophylaxis only, were treated with study
drugs. After the mice were killed, IL-4, IL-5, and interferon-F levels
were quantified in the lung tissue, which were examined histologically
by light and electron microscopy.
Results: There were significant improvements in all histopathological
parameters in the group treated with suplatast tosilate compared with
the vehicle control group. Similar improvements were observed when
the group receiving prophylaxis and treatment with suplatast tosilate
was compared with the vehicle control as well. There were no signif-
icant differences between the group receiving only prophylaxis with
suplatast tosilate and the vehicle control group. Cytokine levels were
significantly higher in the vehicle control group when compared with
the control group. Although all of the groups had lower cytokine levels
than those of the vehicle control group, the differences were not sta-
tistically significant.
Conclusions: Treatment with suplatast tosilate was effective in im-
proving all histopathological parameters in a mouse model of chronic
asthma. It was observed that the use of prophylactic suplatast tosilate
was ineffective and had no additional effects when administered together
with treatment.
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Asthma is the most common chronic disease of childhood.1 It
has a high prevalence in developed countries, and its prev-

alence is increasing in developing countries.2 Anti-inflammatory

drugs continue to be widely used for the treatment of asthma
because inflammation is a main characteristic of the disease.3

However, when used in high doses for a long period, especially
in children, anti-inflammatory drugs can cause unintended side
effects. Because these cause side effects and because these drugs
do not completely prevent remodeling, new treatment options are
being investigated.2,4

Suplatast tosilate ((T)j[2-[4-(3-ethoxy-2-hydroxypropoxy)
phenylcarbamoyl] ethyl] dimethylsulfonium p-toluenesulfonate)
is a dimethyl sulfonium compound.5 Both in vivo and in vitro
studies have shown that suplatast tosilate inhibits the production
of IL-4, IL-5, and IgE and prevents the recruitment of eosino-
phils.6,7 Results from animal and human studies have shown that
suplatast tosilate may be effective in the treatment of asthma, with
no reported side effects.8,9 Because the drug suppresses TH2-type
cytokines but not TH1-type cytokines, it has been hypothesized
that it would also be effective in preventing the development of
asthma. Positive results were reported in a pilot study in which
children at high risk for the development of asthma were given
suplatast tosilate.10

These previous studies suggest that suplatast tosilate is a
promising drug for the prophylaxis and the treatment of asthma.
However, to our knowledge, there have not been any studies
examining the effects of suplatast tosilate treatment or prophy-
laxis on the histopathological findings of asthma, with the ex-
ception of goblet cell hyperplasia. The limited use of suplatast
tosilate in human studies may be because it is currently avail-
able only in Japan and because there is a lack of the approval for
its use in other countries. In this study, we aimed to investigate
the effects of treatment and prophylaxis with suplatast tosilate
on histopathological findings as well as the levels of IL-4, IL-5,
and interferon (IFN)YF in a mouse model of chronic asthma.

MATERIALS AND METHODS

Experimental Animals
Forty-two specific pathogen-free 6- to 8-week-old male

BALB/c mice weighing 20 to 25 g purchased from Dokuz Eylul
University, Department of Multidisciplinary Animal Laboratory
(Izmir, Turkey), were used in this study. The animals were main-
tained in hygienic macrolene cages in air-conditioned rooms with
a 12-hour light/12-hour dark cycle and were provided ad libitum
food and water in a pathogen-free laboratory in the same depart-
ment. All experimental procedures complied with the require-
ments of the Dokuz Eylul University Animal Care and Ethics
Committee.

Study Groups
The 42 BALB/c mice were divided into 6 groups as follows:

group I (control), group II (vehicle control), group III (dexameth-
asone), group IV (prophylaxis with suplatast tosilate), group V
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(treatment with suplatast tosilate), and group VI (prophylaxis
and treatment with suplatast tosilate).

Sensitization and Inhalational Exposure
This study was conducted according to a previously de-

scribed murine model of chronic asthma.11 BALB/c mice were
used because of their high sensitivity to ovalbumin.12 The mice
in all of the groups, except for the control group, were sensi-
tized via 2 intraperitoneal injections of ovalbumin (10 Kg/0.1 mL
grade V, Q98% pure; Sigma, St Louis, MO) along with alum as an
adjuvant on day 0 and day 14. Then, beginning on the 21st day
of the study, the mice were exposed to an aerosolized ovalbumin
solution (2.5% ovalbumin in normal saline) 30 minutes a day,
3 times per week, for 8 weeks in a whole-body inhalation expo-
sure chamber via a SideStream jet nebulizer. More than 80%
of the particles generated by this nebulizer had a diameter of
4 Km or less (and 940% of the particles had a diameter of
e1 Km). Thus, it was estimated that greater than 90% of the
particles would be deposited in the mouse tracheobronchial
tree, which would be adequate for the development of the
asthma model.11 The particle concentration was maintained
between 10 and 20 mg I mmj3. A schematic of the sensiti-
zation and the inhalation exposure is presented in Figure 1.

The mice in the control group were intraperitoneally ad-
ministered 0.9% NaCl with alum on day 0 and day 14, and be-
ginning on day 21, these mice were exposed to aerosolized 0.9%
NaCl for 30 minutes a day, 3 times per week, for 8 weeks. Nor-
mal saline was delivered to the whole-body inhalation exposure
chamber via aerosolization of compressed air using a SideStream
jet nebulizer. The temperature and the relative humidity were
maintained at 20-C to 25-C and 40% to 60%, respectively.

Study Drugs
Lyophilized suplatast tosilate (additive-free; Tocris Bio-

sciences, Bristol, United Kingdom) diluted in saline was used
throughout this study.

Before sensitization with ovalbumin, the groups receiv-
ing prophylaxis with suplatast tosilate were administered the
drug (30 mg I kgj1 I dj1) beginning on day (j1), for a total of
5 days.

During the final 5 days of the development of the asthma
model, saline was administered to the vehicle control group,
1 mg I kgj1 I dj1 of dexamethasone was given to group III, and
30 mg I kgj1 I dj1 of suplatast tosilate was administered to
the groups receiving treatment with suplatast tosilate. The drug
administration times are shown in Figure 1.

All drugs were administered via an orogastric route. The
doses of dexamethasone and suplatast tosilate, as well as the

prophylactic administration method, were determined from
previously reported studies in mice.13Y15

Preparation of Lung Homogenates
The animals were killed with an overdose of ketamine

24 hours after the final administration of drugs, after which
their lungs were removed and stored at j80-C. For analysis,
the frozen lungs were sonicated in a homogenization buffer
containing 0.1%, protease inhibitor cocktail (Sigma Aldrich,
St Louis, MO), and 0.1 mg/mL of phenylmethanesulfonyl fluo-
ride in phospate buffered saline, and these homogenates were
centrifuged at 15,000 � g for 10 minutes. The supernatants were
stored at j80-C.

Cytokine Measurement
Levels of IL-4, IL-5, and IFN-F in the lung tissue superna-

tants were quantified with commercially available enzyme-linked
immunosorbent assay kits (Bender MedSystems, MedSystems
Diagnostics GmbH, Vienna, Australia). Detection levels were
2.0 pg/mL for IL-4, 3.3 pg/mL for IL-5, and 5.3 pg/mL for IFN-F.

Histopathological Analysis
Histopathological analyses were performed by 2 investi-

gators who were blinded to the study. Photomicrographs were
obtained using a high-resolution video camera (Olympus DP71,
Japan) attached to an Olympus BX-51 microscope (Olympus
Optical, Tokyo, Japan). Histological analysis was performed using
the University of Texas Health Sciences Center at San Antonio
Image Tool for Windows version 3.00 software.

Tissue specimens were obtained from the midzone of the
left lung of each mouse and were fixed in 10% formalin for
evaluation by light microscopy. Other 1- to 2-mm3 tissue
samples were obtained from adjacent regions and fixed in 2%
glutaraldehyde for evaluation by electron microscopy. After
fixation, the samples used for light microscopy were embedded
in paraffin, and 5-Km serial sections were prepared. Thirty con-
secutive sections from each mouse were randomly selected and
stained via 1 of 3 different staining processes. The first 10 samples
were stained with hematoxylin and eosin, which allowed the gen-
eral features of the tissue to be examined, including the thickness
of the epithelium and the subepithelial smooth muscle layers in
the small airways. Measurements were obtained from 4 points
in each airway, and because each section contained approximately
2 to 3 airways, nearly 20 or more airways were evaluated in
each mouse.16

The remaining sections were stained with toluidine blue
(10 sections) or with periodic acidYSchiff (PAS; 10 sections).
Photomicrographs were obtained from 5 random fields from

FIGURE 1. Schematic presentation of sensitization, inhalation exposure, and the drug administration times in the murine model of
chronic asthma. IP indicates intraperitoneal; OVA, ovalbumin.
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each section that was stained with toluidine blue. Mast cells
were counted in 8 fields (20,000 Km2 each) for each mouse.
Goblet cells stained with PAS were counted in 3 to 5 randomly
selected airways in all 10 sections for each mouse. The cir-
cumference of each airway was measured. The number of
goblet cells in 100 Km2 was determined by dividing the total
number of goblet cells by the total airway circumference and
multiplying the result by 100 for standardization.

For ultrastructural investigation, lung sections were fixed
in 2.5% glutaraldehyde for 24 hours. The tissue was postfixed
with osmium tetroxide, dehydrated in a graded series of alco-
hol, and then embedded in Araldite CY212. For each mouse,
5 to 7 thin (60-90 nm) sections were obtained with an ultra-
microtome (Leica), stained with uranyl acetate and lead citrate,
and examined using a transmission electron microscope (Carl
Zeiss Libra 120). After that, 8 to 10 areas were photographed
using a Trondle (2048 � 2048 pixels) digital camera attached
to the electron microscope. The basement membrane thickness
of the respiratory epithelium was measured at 20 points of
equal distance, and the data were recorded in sequence.

Statistical Analysis
The Statistical Package for the Social Sciences version 15

(Statistical Package for the Social Sciences, Inc, Chicago, IL)
was used for statistical analysis. Data are presented as mean T SE
for the 7 animals in each group. Comparisons between all
groups were conducted using a one-way analysis of variance
(post hoc Bonferroni method). P G 0.05 was considered to be
statistically significant.

RESULTS
The histological parameters of group II (vehicle control),

including the thicknesses of basement membrane and epithelial
and subepithelial smooth muscle and the number of goblet and
mast cells, were significantly higher than those of group I
(control group; P G 0.05), indicating that the asthma model was
successfully established (Table 1).

These parameters were all significantly lower in group III
(dexamethasone), group V (treatment with suplatast tosilate), and
group VI (prophylaxis and treatment with suplatast tosilate) when

compared with those of the vehicle control group (P G 0.05)
(Table 1).

The histopathological parameters, with the exception of the
number of goblet cells, were similar between the group receiv-
ing dexamethasone and the group receiving treatment with
suplatast tosilate (P = 1.000), whereas the improvements in the
group receiving both prophylaxis and treatment with suplatast
tosilate were not statistically different from those in the group
receiving treatment with suplatast tosilate alone (P = 1.000).
Although the histopathological parameters of the group re-
ceiving prophylaxis with suplatast tosilate were lower than those
of the vehicle control group, the differences were not statisti-
cally significant (P 9 0.05) (Table 1).

The levels of IL-4, IL-5, and IFN-F in the lung tissue were
higher in the vehicle control group than in the control group
(P G 0.05). Although there was a decrease in the cytokine
levels for all of the study groups when compared with those of
the vehicle control group, these differences were not statisti-
cally significant (P 9 0.05) (Table 2).

Figure 2 shows the light and electron microscopy images
for all of the groups.

Although the airways are normal in the control group, the
histopathological findings of asthma can be seen in the air-
ways of the vehicle control group. The improvement of the
histopathological findings of asthma in all of the other groups
is remarkable.

DISCUSSION
Asthma is a chronic disease that is characterized by re-

versible airway obstruction, airway inflammation, and remod-
eling. Asthma involves TH2-type inflammation in which IgE,
mast cells, lymphocytes, eosinophils, IL-4, IL-5, and other cyto-
kines play major roles.1 Inflammation causes structural changes,
known as airway remodeling, that are characterized by sube-
pithelial fibrosis, thickening of the smooth muscle of the airways,
and mucus hypersecretion. These changes are partly irreversible
and lead to an increase in the symptoms and the severity of the
disease.17 Airway hyperresponsiveness refers to the narrowing
of the airways in response to various stimuli, and it is linked to
both inflammation and remodeling. These mechanisms contribute
to the narrowing of the airways and cause symptoms such as

TABLE 1. Comparisons of the Histological Characteristics of All Groups

Group I Group II Group III Group IV Group V Group VI

Control Vehicle control Dexamethasone Prophylaxis Treatment
Treatment and
Prophylaxis

Mean T SE
(n = 7)

mean T SE
(n = 7)

mean T SE
(n = 7)

mean T SE
(n = 7)

mean T SE
(n = 7)

mean T SE
(n = 7)

Epithelium thickness, Km 13.12 T 0.74 22.33 T 2.25* 13.42 T0.22† 16.85 T 0.71 15.36 T 1.15† 14.64 T 0.99†‡
Subepithelial smooth
muscle thickness, Km

6.52 T 0.41 12.36 T 1.37* 6.93 T 0.26† 9.44 T 0.99 7.24 T 0.45†§ 6.71 T 0.53†‡

No. mast cells 20,000 Km2 0.31 T 0.04 1.19 T 0.10* 0.70 T 0.05† 1.04 T 0.09 0.60 T 0.03†§ 0.89 T 0.04†‡
No. goblet cells 100 Km2 0.30 T 0.09 4.41 T 0.18* 0.69 T 0.09† 3.89 T 0.24 1.65 T 0.07† 2.75 T 0.07†‡
Basement membrane
thickness, nm

287.54 T 16.47 703.77 T 9.09* 415.96 T 10.7† 522.57 T 20.7 439.11 T 25.58†§ 513.91 T 16.12†‡

*P G 0.05 significantly different from group I.

†P G 0.05 significantly different from group II.

‡P 9 0.05 not significantly different from group V.

§P 9 0.05 not significantly different from group III.
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wheezing, cough, chest tightness, and breathlessness.18 The goal
of treatment is to ameliorate symptoms by reducing inflammation
and preventing remodeling. However, no current treatment can
permanently suppress inflammation and prevent remodeling,
and therefore, new treatment options continue to be investigated.4

In this study, we investigated the effects of suplatast tosilate
on the histopathological findings of asthma. We examined the
thickness of the epithelia and mast cell counts to assess inflam-
mation, and we determined the thicknesses of the basement
membrane and the subepithelial smooth muscle as well as the
number of goblet cells to assess the extent of remodeling. As a
result of this study, we determined that suplatast tosilate was
effective in reducing all of these changes related to inflamma-
tion and remodeling.

Previous animal studies with asthma models have shown
that suplatast tosilate was effective on goblet cell metaplasia,
prevented the recruitment of eosinophils and lymphocytes to the
airways, and reduced bronchial hyperreactivity.19,20 In studies
on humans with asthma, suplatast tosilate reduced eosinophil

counts, goblet cell hyperplasia, and levels of IL-13 and had anti-
inflammatory effects as evidenced by improved symptoms, pul-
monary function tests, and exhaled nitric oxide levels.8,21Y23

Although these studies suggest that suplatast tosilate is
effective in the treatment of asthma, to our knowledge, there have
not been any studies reporting its effects on the histopathological
findings of asthma in humans or animals, with the exception of
goblet cell metaplasia. Our study is the first to report that suplatast
tosilate is effective in improving all of the histopathological
findings related to inflammation and remodeling in asthma.

Recently, the prevention of asthma has gained importance
because none of its current treatments are fully effective in
improving inflammation and remodeling. Normally, there is a
balance between the TH1 and TH2 immune response. This bal-
ance is disrupted in asthma and allergic diseases, in which the
TH2-type immune response is dominant.24 Suplatast tosilate has
been shown to suppress the TH2-type immune response in both
in vivo and in vitro studies but does not affect the TH1 immune
response.25 Because of this, we hypothesized that suplatast

TABLE 2. Comparisons of IL-4, IL-5, and IFN-F Levels

Group I Group II Group III Group IV Group V Group VI

Control Vehicle Control Dexamethasone Prophylaxis Treatment Treatment and Prophylaxis

mean T SE
(n = 7)

mean T SE
(n = 7)

mean T SE
(n = 7)

mean T SE
(n = 7)

mean T SE
(n = 7)

mean T SE
(n = 7)

IL-4, pg/mL 61.03 T 13.68 184.40 T 30.15* 127.82 T 30.61 170.14 T 38.71 136.70 T 17.23 134.36 T 20.98
IL-5, pg/mL 47.14 T 11.77 87.09 T 14.59* 82.87 T 8.70 98.12 T 21.44 84.51 T 10.52 67.85 T 12.62
IFN-F, pg/mL 174.91 T 24.39 302.40 T 34.92* 285.62 T 21.74 294.03 T 34.55 290.30 T 26.81 276.39 T 27.88

*P G 0.05 when compared with the control group.

FIGURE 2. Histological views of the airways. I, Group I (control); II, group II (vehicle control); III, group III (dexamethasone);
IV, group IV (prophylaxis with suplatast tosilate); V, group V (treatment with suplatast tosilate); VI, group VI (prophylaxis and treatment
with suplatast tosilate). A, Hematoxylin and eosin; B, PAS; C, toluidine blue; D, electron microscopy. Hematoxylin and eosin:
*peribronchial infiltration; bidirectional arrow, subepithelial smooth muscle (IIA). Periodic acidYSchiff: arrows indicate goblet cells.
Toluidine blue: arrows indicate mast cells. Electron microscopy: C indicates cilia; GC, goblet cell; white star, the basement membrane.
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tosilate might prevent the development of asthma. To test this
hypothesis, we applied suplatast tosilate as a prophylactic before
the induction of ovalbumin-induced asthma. We determined that
the prophylactic administration of suplatast tosilate does not
prevent the development of the histopathological findings of
asthma. To our knowledge, there are no other studies reporting
the effects of prophylaxis with suplatast tosilate on the histo-
pathological findings of inflammation and remodeling in asthma.
In a pilot study in Japan, either suplatast tosilate or ketotifen was
administered for 2 years to children with atopic dermatitis and
food allergies, both of whom are at high risk for developing
asthma, and the effects of these 2 drugs on the development of
asthmawere investigated. Of the children in the group treated with
ketotifen, 65.6% developed asthma, whereas only 20% of the
children in the group treated with suplatast tosilate developed the
disease. This difference was statistically significant. The number
of eosinophils, total IgE, and TH1/TH2 cytokine ratios were also
significantly different between the 2 groups.10 The results of this
study are contradictory to the results of our study. One reason for
the difference in results may be because in the study with the
children, the assessments were made while the patients were
taking the medication, whereas in our study, assessments were
made after the cessation of the drug. To accurately detect the
effects of prophylactics, the assessments should be made after
the discontinuation of the drug. In addition, the results of this
study were based on the clinical development of asthma and
not on histological analyses. Previous studies have shown that
there is evidence of remodeling in the airways long before the
clinical development of asthma.26 Because of these aforemen-
tioned reasons, we believe that it was not accurate to conclude
that prophylactic suplatast tosilate has positive effects on the
development of asthma.

In our study, we followed a previously reported prophy-
laxis protocol. However, if we had extended the duration of
prophylaxis, we may have seen a more profound effect. To our
knowledge, there are no reports regarding the appropriate
duration of prophylaxis. Because of this, we chose to admin-
ister prophylaxis for a duration twice as long as the treatment,
which would be equal to 1 year in humans. However, using our
protocol, there were no additional benefits of the prophy-
lactic administration of suplatast tosilate to those gained with
its treatment.

As a result, further studies regarding suplatast tosilate should
include more patients, should study the duration of prophylaxis,
should evaluate the results after discontinuation of the prophy-
lactic treatment, and should include histopathological analyses.

We also investigated the effects of suplatast tosilate on
TH2-type cytokines (IL-4 and IL-5) and on the TH1-type cyto-
kines (IFN-F). We found that cytokine levels in the asthma
group were significantly higher than those in the control group.
Although we detected a decrease in cytokine levels in all of the
study groups as compared with the vehicle control group, this
difference was not statistically significant. Earlier reports have
shown that suplatast tosilate reduces the levels of TH2-type
cytokines.6,25,27 In this study, although histological findings
and cytokine levels were improved, we detected no significant
changes in cytokine levels. This may be because we had low
sample numbers.

Our study has some limitations. This study was conducted
on animals, and therefore, the results cannot be compared di-
rectly with those in humans. In addition, although we evaluated
the effects of the drugs histopathologically, we neglected to mea-
sure airway hyperreactivity. Another limitation is that the effects
of suplatast tosilate on the histopathological findings of asthma
were not supported by an improvement in cytokine levels.

In conclusion, suplatast tosilate was found to be effective
in improving the histopathological parameters in a mouse model
of chronic asthma. The use of suplatast tosilate as a prophylactic
had no effect on the development of the histopathological
findings of asthma, nor did it provide any additional contri-
bution to the treatment before the development of asthma. The
results of this study suggest that suplatast tosilate could be
effective in the treatment of asthma, but further studies are
needed to determine its effectiveness in the prophylaxis of asthma.
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