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Fig.8 Time Dependent Changes in GOT and GPT

Activities in C57BL/6 Mice Serum treated with
Fe™-NTA after 50 cGy y -ray Irradiation®™. Each
value indicate the mean &= SEM.. *P < 0.05, **P
< 0.01 and **P < 0.001 by t test, each sham-
irradiated or irradiated group value vs the

Time after irradiation {hr]

control group value (3 hours after Fe**-NTA
administration). #P < 0.05, ##P < 0.01 and ###P
< 0.001 by t test, each group value at various
intervals after irradiation vs the values at the

same intervals after sham-irradiation. N = 4 - 6.

2)Inhibitory effects of prior low dose X-irradiation

on Fe”-NTA-induced hepatopathy in rats

Blood activities of hepatocellular enzymes such as
lactate dehydrogenase (LDH), glutamic pyruvic
transaminase (GPT) and glutamic oxalacetic
transaminase (GOT) peaked at 12 hours after a sin-
gle intraabdominal injection of ferric nitrilotriacetate
(Fe*-NTA) in rats. Enzymes such as alkaline phos-
phatase (ALP) and leucin amino peptidase (LAP)
originating in the capillary bile ducts or bile secreto-
ry liver cells were also released into the blood
between 6 - 24 hours after intraabdominal injection

of Fe*-NTA in rats. Furthermore, hyperoxidation of
lipids occurred in rat hepatic cell membranes, reach-
ing a peak at 6 hours after intraabdominal injection
of Fe*-NTA. It was found that a single prior 50 cGy
wholebody X-ray irradiation significantly increased
SOD activities and suppressed above-mentioned

24)

symptoms of transient hepatopathy in rats®.

3)Inhibitory effects of post low dose y -ray irradia-

tion on Fe™-NTA-induced mice liver damage

The post 50 cGy vy -irradiation accelerated the
rate of recovery from Fe”-NTA-induced mice liver
damage. Based on the changes in GOT activities,
GPT activities (Fig.8) and LPO levels (malondialde-
hyde (MDA) concentrations), it was shown that
hepatopathy was improved by low dose irradiation
at 3 hours after Fe”-NTA administration. This may
be because of the enhancement of antioxidant
agents such as total glutathione (GSH + GSSGQ),
GPX, glutathione reductase (GR) (Fig.9) and y -
GCS by low dose irradiation. These findings suggest
that low dose irradiation relieved functional disor-
ders at least in the livers of mice with active oxygen
species related diseases™.

In the same manner, 50 cGy y -irradiation elevat-
ed the chemical biological defense mechanisms,
such as GSH level, in mouse liver and reduced CCl-

induced liver damage™*.

4)Inhibitory effects of low dose y -ray irradiation on

MPTP- induced brain damage

The elevation of endogenous thiol-related antioxi-
dants and free radical scavenging enzymes in the
brain of C57BL/6 female mice after low dose y -ray
irradiation and its inhibitory effect on 1-methyl-4-
phenyl-1,2 3,6-tetra-hydropyridine (MPTP)-induced
brain damage were investigated. The brain level of
the reduced form of GSH increased soon after irradi-
ation with 50 cGy of y -rays, reached a maximum at
3 hours post-treatment, and remained elevated until
12 hours. Thioredoxin (TRX) was also transiently
increased after irradiation. The activities of free
radical scavenging enzymes, including Cu/Zn-SOD,
catarase (Cat) and GPX, were signficantly induced
after irradiation as well. Cerebral LPO level (MDA
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Fig.9 Time Dependent Changes in LPO (MDA) Level, Total GSH Content, GPX Activity and GR Activity in Mice
Livers Treated with Fe®-NTA after 50 cGy y -ray Irradiation®. The data, numbers of mice and significance

are as described in Fig.8.
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Fig.10 Effects of y -rays on MPTP-induced Elevation
of LPO (MDA) in the Whole Brain. Mice were
pre-irradiated with 50 cGy of y -rays 1 hour
before MPTP treatment®. Mice were killed 4
hours after MPTP administration (30 mg/kg
body weight). ***p < 0.001 vs control group.
P < 0.001 vs MPTP alone-treated group. N =
5.

concentration) was remarkably elevated by MPTP
treatment, and this elevation was suppressed by
pre-irradiation at a dose of 50 c¢Gy (Fig.10). The
contents of GSH and TRX were significantly
decreased by MPTP treatment in comparison with
those of the control group. These reductions both
seemed to be attenuated by pre-irradiation with y -
rays. These results suggest that low dose y -ray
irradiation induces endogenous antioxidative poten-
¢y in the brain of mice and might be effective for the
prevention and/or therapy of various reactive oxy-
gen species-related neurodegenerative disorders,
such as Parkinson’s disease and Alzheimer’s dis-

ease™,

Moreover, it was found that 500 cGy y -ray irradi-
ation to the chest regions inhibited the blood pres-

sure of spontaneous hypertensive rat™.
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Lungs of Rabbits after Rn Inhalation®. Each indicate the mean + SEM. “[_]” imrediately after inhalation;
“W” 2 hours after inhalation. *P < 0.05 and **P < 0.01 vs control by t test.

4. Effects of Misasa radon spring inhalation on

physiology and disorders

To clarify the mechanisms of therapeutic effects
of Rn, we administered spraied Rn (7-18 kBa/ ¢) to
rabbits by inhalation and examined the changes in
LPO (TBARS) level, SOD activity and membrane
fluidity in various organs, biogenic amine neurotr-
sansmitters in brain, adrenal secretion of cate-
cholamines and blood components such as vasoac-

tive substances.

1)Changes in LPO level, SOD activity and mem-
brane fluidity in various organs -

The LPO (TBARS) level of the brain was signifi-
cantly decreased immediately after Rn inhalation for
90 minutes in both the low concentration group (7-
10 kBqg/¢) and the high concentration group (14-18
kBqg/¢) as compared with that in the control group.
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Fig.12 Changes in the Levels of 5-HT, 5-HIAA, NA, DA, HVA, 3-MT and DOPAC in Rabbit Brains®. Each indicate

the mean = SEM. The number of rabbit per experimental point is 5 at 0 kBg/4, 4 at 7 kBg/Z, 6 at 13 kBg//

and b at 18 kBg/¢. *P < 0.05 vs control.

Table 1 Effect of Rn Inhalation on Turn-over Ratios of Biogenic Amines in Rabbit Brains”

)

Rn [kBg/?] control 7 13 18
{DOPAC+3-MT+HVAY/[DA] 142 + 0.11 1.10 &+ 0.03* 1.36 =+ 0.06 1.54 =+ 0.13
[HVA)/[DOPAC] 215 = 3.08 1833 = 22 407 £19.8 160 £ 25
[HVAY/[3-MT] 414 = 1.22 884 £ 251% 6.73 £ 1.20 6.72 = 2.11
[NAY[DA] 0.297 £ 0.047 0.183 £ 0.141 0.126 £ 0.026* 0.128 £ 0.020 **
[5-HTIAAY/[5-HT] 0.443 £ 0.085 0.857 + 0.284 0.429 =+ 0.088 0.499 £ 0.036

Each value indicates the mean = SEM. The number of rabbit per experiment was 5 at control, 2 at 7 kBq/¢ , 6 at 13 kBg/4 and

3at 18 kBg/¢ . *P < 0.05 and **P < 0.01 vs control.

It further decreased in the low concentration group
but slightly recovered in the high concentration
group 2 hours after inhalation. The TBARS level of
the lung showed no change immediately after
inhalation but decreased significantly in both groups
2 hours after inhalation. With regard to SOD activity
in the brain and lung, only that in the brain showed
significant increase in the high concentration group
immediately after inhalation; no other change was
observed. Membrane fluidity, especially the fluidity
of membrane protein, was significantly increased in
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the brains of both groups immediately after inhala-
tion. In the lung, the membrane fluidity was signifi-
cantly increased 2 hours after inhalation in both
groups (Fig.11). These findings suggest that the
inhalation of Rn at Rn springs contributes to the
prevention of brain disorders related to peroxidation
reactions by promoting these physiologic changes®™.

2)Changes in biogenic amine neurotransmitters in
brain
Immediately after Rn inhalation, noradrenaline
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Table 2 Changes of Catecholamines and Tissue Perfusion Rate by Rn Inhalation

)

Rn [kBq/¢] control 14—18

plasma catecholamines [pg/mg protein]

adrenaline 42 £ 1.7 22,9 £ 12.1 **

noradrenaline 109 = 56 188 £ 82*
adrenal catecholamines [ng/mg protein|

adrenaline 825 & 544 249 £ 129 **

noradrenaline 134 £ 67 23.6 +14.9 **
tissue perfusion rate [w¢/100g/min]

no medication 1568 + 1.8 214 = 24 %

phentolamine 184 £ 1.7 22.6 £ 2.2 %k

propranolol 174 £ 2.7 193 = 2.9

atenolol 166 £ 26 184 = 3.0

Each value indicates the mean = SEM. The number of rabbits per experiment was 8-14 at control and 8-15 at14-18 kBa/? .

*P < (.05 and **P < 0.01 vs control.

-

Table 3 Dynamic Changes in Vasoactive, Diabetes-associated and Pain-associated Substances of Rabbit Blood

by Rn Inhalation®
radon [kBqg/¢] control 7—10 14—18
histamine [pg/d¢] 67 £ 12 146 4 31 ** 152 £ 62 **
« atrial natriuretic polypeptide [pg/mf] 1660 £ 240 2170 £170 * 3330 4520 **
vasopression [pg/mf] 132 = 3.6 3.2 £ 0.6 ** 54 + (.8 **
angiotensin I [pg/mé] 34+ 1 33+ 1 32+ 1
prostaglandin E: [pg/m#] 26 = 4 33 £ 10 18+ 5
insulin [U/mé] 43 + 04 4.3 = 0.6 85 = 1.8 **
glucose-6-phosphate dehydrogenase [[U/37°C] 1.9 £ 0.2 2.8 = 0.2 ** 2.6 = 0.3 **
pancreatic glucagon [10" X pg/mé] 1.6 = 0.1 1.9+ 0.1 * 2.4 £+ 0.3 **
blood glucose [mg/d/] 218 £ 21 195 &= 22 191 £ 19
A endorphin [ng/wet - g] 162 = 25 19019 224 £ 35 *
M-enkephalin [ng/wet - g] 6.1 = 1.0 6.5 = 1.1 11.8 £ 1.9 **

Each value indicates the mean = SEM. The number of rabbits per experiment was ten at control, eight at 7-10 kBg/4 and nine at

14-18 kBa/¢. *P < 0.05 and **P < 0.01 vs control.

(NA), serotonin (5HT) and 5-hydroxyindoleacetic
acid (BHIAA) levels in rabbit brain decreased signifi-
cantly by inhalation of Rn spring of 13 kBg/¢ or
over. Changes in tyrosine, dopamine (DA) and
homovanillic acid (HVA) levels did not depend on
the concentrations of Rn inhaled (Fig.12). The
turnover ratios for these amines were evaluated
(Table 1). The results suggested possible decrease
in the activities of aromatic-L-amino acid decarboxy-
lase, which are key enzymes of the metabolism of

biogenic amines™.

3)Changes in adrenal secretion of catecholamines
in relation to increase of tissue perfusion rate
In the Rn inhalatjon group, plasma adrenaline and

NA levels were significantly higher, while adrenaline
and NA levels were significantly lower than those in
the control group. In the no medication and phento-
lamine subgroups, tissue perfusion rates in the Rn
group were significantly higher than those in the
control group. It is suggested that catecholamines
are secreted from the adrenal glands by inhalation of
Rn water and that the (i-action of catecholamines
contributes to the increase in tissue perfusion
(Table 2)*,

4)Changes in blood components indicated for
hypertension, diabetes and pain
Significant dose-dependent increases were
observed in histamine and « -ANP and significant
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decrease in vasopression in both high and low con-
centration groups compared with the control
group.Angiotensin [T and PGE: showed no significant
changes. Insulin significantly increased in the high
concentration group, and G6PDH activity and
glucagon significantly increased in both high and low
concentration groups. The blood glucose level
decreased slightly. f -endorphin and M-enkephalin
dose-dependently increased with significant differ-
ences between the high concentration group and
control group (Table 3). Namely, vasodilation, alle-
viation of diabetic symptoms and morphine-like
analgesic effects were observed, suggesting that
these changes constitute part of the mechanisms of
the Rn spring therapy include hypertension, dia-
betes mellitus and pain®™.

Conclusions

These findings suggest that an appropriate
amount of active oxygen is produced in the body
after low dose irradiation or Rn inhalation, and this
contributes to the alleviation of the symptoms of
active oxygen species related diseases such as dia-
betes after certain processes such as activation of
the biological defense mechanism, or promoting
these physiologic changes such as tissue perfusion,
in contrast to the toxic effects of high dose irradia-
tion. In future, clarification in detail of the mecha-
nisms of these phenomena is required to understand
the effects of low dose radiation on the functions of
the living body, including adaptive response®.
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