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Elevation of Antioxidant Enzymes in the Clinical Effects of Radon and
Thermal Therapy for Bronchial Asthma
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An increased systemic production of oxygen-free radicals by activated inflammatory cells is thought to

be involved in the pathophysiology of asthma. The aim of this study is to evaluate the clinical effects of radon
and thermal therapy on asthma in relation to antioxidant enzymes and lipid peroxide. Radon and thermal ther-
apy were performed once a week. All subjects went to a hot bathroom with a high concentration of radon,
and nasal inhalation of vapor from a hot spring was performed for 40 min once a day under conditions of
high humidity. The room temperature was 48°C; the room radon concentration was 2,080 Bq/m3. Blood sam-
ples were collected at 2 h, 14, and 28 days after the first therapy. A blood sample also was collected before
the first therapy (at body temperature and background radon level) to be used as the control. The forced expi-
ratory volume in one second (%FEV1) was significantly increased 28 days after the first therapy. On day 28,
the catalase (CAT) activity was significantly increased in comparison with the control. The superoxide dis-
mutase (SOD) activity was significantly increased compared to the control after first inhalation. On days 14
and 28, the lipid peroxide level was significantly decreased in comparison with the control. In conclusion,
the present pilot study has shown that radon and thermal therapy improved the pulmonary function of asth-
matics by increasing the reduced activities of antioxidant enzymes.

INTRODUCTION

Asthma is a disease characterized by an infiltration of the air-
ways by inflammatory cells, the release of numerous mediators
from the cells, and airway hyperresponsiveness1). It has been
reported that an increased systemic production of oxygen-free
radicals [including the superoxide anion (O2

−), hydroxyl radicals
(·OH), and hydrogen peroxide] by activated inflammatory cells
is thought to be involved in the pathophysiology of asthma, such
as bronchoconstriction, mucous secretion, and edema2,3). These
harmful effects of the oxidants on airways will depend on the
local antioxidant defenses available within the airway epithelial
lining fluids4). The antioxidant defenses in lung are widely dis-
tributed and include both enzymatic and nonenzymatic systems.

The major enzymatic antioxidants are SOD and CAT5).
Previous studies demonstrated that antioxidant capacity is

reduced in patients with asthma5–9). De Raeve et al.5) demon-
strated that the SOD activity in asthmatics not on inhaled corti-
costeroid was lower than asthmatics on inhaled corticosteroid
and controls, though catalase and glutathione peroxidase in the
bronchial epithelium of asthmatics were similar to control. Com-
hair et al.6) showed that a loss of SOD activity in bronchoalveolar
lavage fluid (BALF) occurs within minutes of an acute asthmatic
response to segmental antigen instillation into the lung of indi-
viduals with atopic asthma. Tekin et al.7) found that erythrocyte
SOD activity of asthmatics was significantly lower than that of
the controls, but there was no significant difference in CAT
activity between asthmatics and controls. Shanmugasundaram et
al.8) represented that the activities of SOD and CAT in blood
were significantly lower in children with asthma, even during
resting conditions. They also found that the lipid peroxide levels
in plasma and erythrocytes were significantly elevated in
asthma.

Therapy using radon (222Rn), which is volatilized from radon
enriched water and mainly emits α-rays, is performed for vari-
ous diseases such as osteoarthritis and asthma10). Most of the dis-
eases on which radon therapy is used are related with activated
oxygen. Several attempts have been made to clarify its mecha-
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nism, but only a few studies have been made on radon therapy in
humans11). We and Ma et al. reported the effect of radon inhala-
tion, which enhanced SOD activities in the organs of rabbits and
rats12,13). Moreover, we reported that the antioxidation function
was more enhanced by radon therapy than by thermotherapy14).

In the present study, radon and thermal effects on bronchial
asthma were examined in relation to the activities of antioxidant
enzymes and the lipid peroxide level.

MATERIALS AND METHODS

Subjects
Nine asthmatics (4 females and 5 males; mean age 59, range

23–79) were recruited from the Misasa Medical Center (Table
1). Asthma was diagnosed according to the definition proposed
by the American Thoracic Society15). All subjects with asthma
showed episodic symptoms of wheezing and coughing and
experienced symptomatic relief and reversible airway response
with an accompanying increase in FEV1 that exceeded 15%
upon treatment with β2-adrenergic agonists. Asthmatics were
controlled with no changes in medication for at least 1 month,
except for the use of short-acting inhaled β2-agonists. The sever-
ity of asthma was diagnosed according to the guidelines of the
National Institutes of Health/World Health Organization (NIH/
WHO)16). All subjects were nonsmokers and atopic patients. The
geometric mean of serum IgE was 582 IU/ml (range 161–2192
IU/ml). No subjects had a history of upper respiratory tract infec-
tion within the month before entry.

Atopy was evaluated by a combination of the histories of aller-
gies and skin tests and the presence of serum IgE antibodies spe-
cific to the 12 common aeroallergens, including dust mites,
pollens, molds, and animal danders. Serum-specific IgE was
measured by using the Pharmacia CAP® System (Pharmacia
Diagnostics AB, Uppsala, Sweden). Atopic patients were
defined as those who had positive skin tests and/or the presence
of allergen-specific IgE.

Informed consent was obtained from all subjects. The study
protocol was approved by the ethics committee of our institution

Pulmonary function tests
Pulmonary function tests were performed with a Chestac 33

(Chest Co., Tokyo, Japan). The following ventilatory parameters
were measured in all subjects: forced vital capacity (FVC),
FEV1, and FEV1/FVC. The FVC and FEV1 were expressed as a
percentage of their predicted values (%FVC and %FEV1)
according to the prediction equations of the Japanese Society of
Chest Diseases17). The ratio of FEV1 to FVC (FEV1/FVC) was
expressed as a percentage.

Therapy
Therapy was performed once a week. All subjects went to a

hot bathroom that had a high concentration of radon at Misasa
Medical Center of Okayama University Medical School. The
room temperature was 48°C; the room radon concentration was

2,080 Bq/m3 (equivalent to about 40-fold higher than back-
ground level)18). On days 1, 7, 14, 21, and 28, the nasal inhalation
of vapor from a hot spring in the bathroom was performed for 40
min once a day under a condition of high humidity. Nasal inha-
lation was used, since the uptake of radon is most efficient by
this method.

Antioxidant assays
Blood samples were collected at 2 h, and at 14 and 28 days

after the first therapy; a blood plasma sample was also collected
before the first therapy (at body temperature and a radon level
background) to be used as the control. The SOD activity was
measured by the nitroblue tetrazolium (NBT) method, CAT
activity by the spectrophotometric method, and lipid peroxide by
the thiobarbituric acid (TBA) method19–21) from blood plasma.

Statistical Analysis
The results were expressed as the means ± SEM. Serum IgE

level was given as the geometric mean and range. A Student’s
paired t test was used to show the change of the means. A p value
of < 0.05 was regarded as statistically significant.

RESULTS

Pulmonary function tests
The %FEV1 was 70.2 ± 3.3% (range 61.1–78.9%) before the

radon and thermal therapy and 77.7 ± 4.9% (range 64.8–90.5%)
28 days after the first therapy. Namely, the %FEV1 was signifi-
cantly increased 4 weeks by radon and thermal therapy (p <
0.05) (Fig. 1). On the other hand, the %FVC was increased to
95.6 ± 4.4%, from 87.1 ± 5.1%, and the FEV1/FVC was
increased to 61.6 ± 5.0%, from 56.3 ± 4.9%. However, no signif-
icant changes were noted (Fig. 2).

CAT activities
On day 1, there was no significant change in the CAT activity

compared to the control (1.03 ± 0.10 U/ml) after the first therapy.

Fig. 1. Changes in %FEV1 in asthmatics 28 days after the first
radon and thermal therapy. Each value presents the mean ±
SEM.
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On day 14, no significant change was observed in the CAT activ-
ity. However, on day 28 this activity was significantly increased
(238%) in comparison with the control (p < 0.05) (Fig. 3).

SOD activities
On day 1, the SOD activity was significantly increased

(121%) compared to the control (10.4 ± 0.8%) after the first ther-
apy (p < 0.05). On days 14 and 28, no significant changes in the
SOD activity were noted (Fig. 4).

Lipid peroxide levels
On day 1, there was no significant change in the lipid peroxide

level compared to the control (0.53 ± 0.06 nmol/ml) after the first
inhalation. On days 14 and 28, the lipid peroxide level was sig-
nificantly decreased by 43% in comparison with the control (p <
0.05) (Fig. 5).

DISCUSSION

To clarify the clinical effects of radon and thermal therapy on
asthma, the pulmonary function, the activities of SOD and CAT,
and the lipid peroxide level were examined in asthmatics before
and 28 days after the first therapy. At 28 days, the %FEV1 (the
measurement of airflow limitation) was significantly increased
in association with increased CAT activity and decreased lipid
peroxide level.

Radon is an inert gas and as such does not react with any
chemical component of the body. Upon entry through the lungs
or the skin, it reaches the bloodstream and is then distributed
throughout the body. Being a lipid soluble, radon tends to accu-
mulate in organs with rich fat, such as the endosecretory glands,
and also in nerve fibers, which are surrounded and protected by
a lipid-containing layer. Retention time in the body is short, 50%
having disappeared after only 15–30 min. During this short
period, however, radon launches the beneficial effects while it is
in contact with the tissue. Radon is a source of α rays, and it can
travel only a distance of about 20 µm through body tissues. The

Fig. 2. Changes in %FVC in asthmatics 28 days after the first
radon and thermal therapy. Each value presents the mean ±
SEM.

Fig. 3. Time-dependent changes in CAT activities in the blood of
asthmatics after the first radon and thermal therapy. Each
value presents the mean ± SEM. The shaded area on the
graph indicates control range (the value before therapy).
Significant difference from the control value with *p < 0.05.

Fig. 4. Time-dependent changes in SOD activities in the blood of
asthmatics after the first radon and thermal therapy. All
details are as those described in Fig. 2.

Fig. 5. Time-dependent changes in lipid peroxide level in the blood
of asthmatics after the first radon and thermal therapy. All
details are as those described in Fig. 2.
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large transfer of energy associated with the absorption of α par-
ticles causes a series of complicated reactions within the tissues.
As yet, the molecular processes involved are still poorly under-
stood. It is difficult to directly investigate the effect of radon ther-
apy on alveolar cells in vivo and to take much blood sample. It is
safe, however, to assume that radiolytic radicals are released, and
these stimulate detoxification processes and may also stimulate
such processes as cell metabolism and energy conversion within
mitochondria as well as a biosynthesis of enzymes and other pro-
teins or bioactive peptides10). It was suggested that SOD activity
was temporarily elevated because low-dose superoxide anion
produced by α-ray transmission induced the synthesis of
enzymes.

We examined whether the radon and thermal therapy could
improve the reduced enzymatic antioxidant activities in this
study. It was observed that the CAT activity was significantly
increased and that the lipid peroxide level was significantly
decreased 28 days after the first therapy. In contrast, the SOD
activity was significantly increased only 2 h after the first ther-
apy, but not after 28 days. Although the reason that the differ-
ence between changes in the activities of SOD and CAT was
unclear, we speculated that it may be due to the difference
between two enzymes as an antioxidant in asthma. Clinical
effects were observed even after the level of SOD activities
decreased to the initial level. We speculate that the clinical
effects may appear in association with more than SOD activity
and other antioxidant activities.

Although several epidemiological studies have been reported
to determine an association between residential radon exposure
and the risk of lung cancer, it is still controversial. In a recent
study, Barros-Dios et al.22) demonstrated that residential radon
exposure may lead to a 2.5-fold rise in the risk of lung cancer by
a population-based case-control study in northwest Spain. But
another study, one performed in Misasa Town, Japan, by Sobue
et al.23), failed to show the relation between residential radon and
lung cancer risk. The dose used in the present study (2,080 Bq/
m3) was almost 100 times more than Japanese residential radon
levels and about 5 times more than the countermeasure level of
radon activity (200–600 Bq/m3 in publication 65 of the Interna-
tional Commission on Radiological Protection), but the radon
exposure time is shorter. We considered that radon therapy will

be safe because of the results of the epidemiological study in
Misasa Town, where our present study was carried out.

Radon therapy was performed under conditions of high tem-
perature and high humidity in the present study. The hot-spring
therapy has been reported to have beneficial effects on pulmo-
nary functions in patients with asthma24,25). We speculate that the
improvement of pulmonary function and the elevation of antiox-
idant enzymes after the radon and thermal therapy depend on
both radon and thermotherapy with humid conditions.

In conclusion, this study has shown that radon and thermal
therapy improved the pulmonary function of asthmatics by
increasing the reduced activities of antioxidant enzymes. This
therapy may be a useful tool to elucidate the contribution of
decreased antioxidant protection to the pathogenesis of asthma.
This is the pilot study. Further investigation is necessary to clar-
ify the radon and thermal effects on serum IgE levels and the air-
way inflammation of asthma in association with antioxidant
activities, including GPx activities.
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