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Hot Springs
T O D R Bie B BE % AE B
U, MBS 5 e KT R Hisui-no-yu i Kenkyusho-sen
’ AR N < N
. . . Temperatures 44°C 63°C
CEFELUIZONBETHThH A, 70 Rn 316 Mache 10.5~41.5
# Ehrlich R o* 2 0F T Fic & b, I mg/kg
BHROREYEBRECENRIN NHy 0.120
o K 31.4 14.0
BIRED, BHEEIYTIRIEOH X Na- 244.9 540.2
OV E R D, BMED Ca- 17.96 61.2
. ) Mg 8.30 9.6
}}\T%ﬁﬁ)hbﬂé kY @T&ib‘%bs Fe~ 0.25 0.3
BAHicss -1 U LE D, Rous Mne 1.08
Al 0.55 0.1
and Johnes, Fothergill, &> & cr 309.2
RABAERBTU S EKICE > TH HSO0,

. SO, 78.7 179.5
HEyoMiRicETUT, Rofbzx HCO," 170.2 226.7
r UTHEREROMEOE T 3 5 HPO,” N

H,SiO; 155.4
HBIBIZEEZATVA L I TH B, HBO, 5.44 +
I. SERHHLICRB TS €0: o1 i
(1) WA EBREYNCE, 2Keh 1. 5%
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R 2 VT, 2SR Fig. 1. Changes of wandering velocity of pseudo-
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Table. 2. Changes of wandering velocity pseudoneutrophilic leucocytes before and
after a series of radioactive thermal baths and plain water baths (rabbits)

Day Immed.
No. Before | mine 1 3 5 9 14 20 30
g 2 1 270 | 205 | 2.3 | 27.8 | 3.0 | 27.4 | 19.7 | 215 | 28.5
g 3 2 28.7 | 23.7 | 24.7 | 310 | 269 | 2.2 | 23.2 | 26.6 | 26.9
2 3 3 30.0 | 31.6 | 241 | 249 | 206 | 308 | 23.4 | 224 | 28.2
w
4 -
& O | Mean | 286 | 28.3 | 25.0 | 27.9 | 29.2 | 28.8 | 22.1 | 23.5 | 27.9
Mg % | 100 99 87 98 102 101 77 82 98
o 4 26.8 | 259 | 278 | 28.4 | 280 | 26.3 | 244 | 2.1 | 25.6
g 3 5 2.6 | 34.2 | 29.3 | 365 | 32.4 | 303 | 26.6 | 23.5 | 245
é ® 6 305 | 33.9 | 339 | 293 | 29.8 | 27.8 | 26.8 | 29.6 | 31.2
(=1
# | Mean | 27.9 | 313 | 303 | 314 | 301 | 281 | 25.9 | 26.4 | 27.1
& % | 100 112 108 113 108 101 93 94 97
. 2 7 25.5 30.2 | 27.3 | 23.2 | 22.0 | 26.0 | 23.2 | 24.4
§ 80 W 25.4 23.9 | 226 | 30.0 | 2.1 | 23.8 | 26.3 | 25.3
B Sl 1 22.8 20.2 | 23.4 | 224 | 206 | 242 | 25.3 | 23.7
[~-Btr]
£ O] Mean | 24.6 27.8 | 24.4 | 252 | 21.2 | 24.7 | 249 | 24.4
< % | 100 113 99 102 86 100 | 101 | 99
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Fig. 2. Changes of wandering velocity of pseudo-
neutrophilic leucocytes before and after
a series of baths (HISUI-no-YU) (rabbits)
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Fig. 3. Changes of wandering velocity of pseudo-
neutrophilic leucocytes before and after a
series of baths (Plain water) (rabbits)
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Tabel. 3. Changes of carbon-particle phagocytic ability of pseudoneutrophilic leucocytes before
and after a series of radioactive thermal baths and plain water baths. (rabbits)

Day IImmed.
No. Before‘ after 1 3 5 9 14 201 30| 40 | 50 | 60 | 70 | 80

e 1 0.14 0.10 | 0.24| 0.26/ 0.10| 0.30| 0.08| 0.24]|0.60,0.40! 0.48(0.21|0.26
§§ 2 0.12 0.14 10.34/0.44| 0.32] 0.48| 0.40| 0.26]1.04;0.92;0.32]0.14|0.32
'5:\1 3 0.20 0.16 0.34] 0.30] 0.20] 0.36] 0.40|0.44 0.48|0.44 0.14]0.40

o
Lt
59 1 Mean | 0.15 0.13 10.29,0.32 0.24/ 0.33 0.28! 0.30:0.69|0.60,0.410.13/0.33
MQ % | 100 87 193 | 227 | 160 | 220 | 187 | 200 | 460 |400 [273 | 87 {220

| 4 | 022|018 008042 0.16[0.24’0.40i 0.40‘0.36 0.30/0.32 0.22
E,ﬁ 5 0.23 0.08 0.06‘ 0.20] 0.36| 0.24] 0.72 0.46/0.28 0.28,0.10|0.34 0.18
§m~ 6 0.25 0.20 0.42i 0.541 0.58) 0.30 0.44" 0.32 0.66!0.36 0.28 0.24
<
m@,g Mean | 0.23 0.15 |0.19] 0.39] 0.37| 0.26] 0.56] 0.39! 0.45]0.33/ 0.20] 0.31 0.21
og % | 100 65 83 | 170 | 161 | 113 | 243 | 170 | 196 | 143 | 87 | 135 91
L 2 7 0.17 0.14} 0.44) 0.24| 0.14] 0.35] 0.30/0.26 0.18 0.23
%C-g; 10 0.38 0.28] 0.48) 0.24| 0.24: 0.16] 0.16{0.18 0.30 0.28
35\1 11 0.12 0.121 0.46] 0.14 0.12‘ 0.28] 0.16]0.20 0.28 0.16
[=2Ve)
é"&j Mean | 0.23 0.181 0.46] 0.21] 0.17| 0.26] 0.21|0.21 0.25 0.22

b % | 100 78 1200 | 91| 74 1113 91| 91 109 96

Fig. 4. Changes of carbon-particle phagocytic ability of pseudoneutrophilic leucocytes

before and after a series of baths (KENKYUSHO-SEN) (rabbits)
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Fig. 5. Carbon-particle phagocytic ability of pseudoneutrophilic leucocytes before
and after a series of baths (HISUl-no-YU) (rabbits)
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Fig. 6. Changes of carbon-particle of pseudoneutrophilic leucocytes before
and after a series of baths (Plain water) (rabbits)
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Fig. 7. Changes of wandering velocity of neutro-

philic leucocytes before and after a series
of radioactive thermal baths
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b. Patients with rheumatoid arthritis
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Table. 4. Changes of wandering velocity of neutrophilic leucocytes before and after a series
of radioactive thermal baths in patients with rheumatoid arthritis and other diseases

Name | Sex | Years |lst day | 3rd day |6th day | 10th day | 14th day | 20th day | 30th day
o | N.M.| 3 21 30.7 | 28.9 26.4 21.3 38.2 21.6
g K. .| 3 21 35.6 | 24.5 35.1 22.5 38.8 26.1
g.g K. M| 3 51 23.1 26.6 39.2 41.3 34.2 34.1
85 | T.M. | % 20 27.0 33.1 30.6 29.7 36.9
T
g Mean 29.1 | 26.7 30.3 30.4 31.9 32.7 29.7
“ % 100 104 104 112 102

K.N. | 3 54 22.4 | 3.1 37.6 27.7

T. S.| % 54 2.4 | 23.3 28.8 27.8 19.7 26.2
T2 |M.O.| & | 33 | 347 33.1 32.0 32.1 26.7 | 27.1
éﬁé M.T.| ¢ 54 21.7 | 30.2 35.0 35.1 31.6 35.0
SLIA N | 3 48 31.4 | 27.7 24.2 36.7 30.9
=]
F Mean 27.3 29.1 31.7 29.9 30.3 28.9 30.7

9% 100 107 116 111 106
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Tab.le 5. Changes of carbon-particle phagocytic ability of neutrophilic leucocytes before and
after a series of radioactive thermal baths in patients with rheumatoid arthritis and
other diseases

Name | Sex | Years |lst day |3rd day |6th day |10th day|14th day | 20th day |30th day
s |N.M.| 3 21 | Lot | 121 1.22 1.42 0.86 | 0.98
ig K. L| 3 21 | 0.70 | 0.62 1.32 1.04 0.76 1.02
EE KM | 6 51 | 0.84 1.34 1.14 1.86 1.54 | 1.24
22 |T.M. | 3 20 | 0.97 0.76 1.42 1.66 1.68
L ]
g © Mean 0.88 | 0.92 1.16 1.33 1.45 1.21 1.23
“ % 100 132 151 138 140
K.N.| 3 54 | 1.18 | 0.84 0.54 1.00
o T8 | % 54 | 0.56 | 0.78 0.60 0.88 0.63 0.88
g M0 | 3 33 | 1.18 0.70 0.9 0.82 1.48 1.32
EEIM.T.| ¢ 54 | 0.98 0.80 1.22 1.70 1.24
SE|AN| 5 | 4 | 128 | L72 | 184 1.63 | 1.57
~
Mean 1.04 0.90 1.06 1.41
% 100 87 102 136
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Effect of Radioactive Hot Spring Baths on Leukocyte Functions
(Wandering Velocity and Carbon-Particle Phagocytic Ability)

Masakatsu INOUE

Division of Internal Medicine, Institute for Thermal Spring
Research, Okayama University

(Director: Prof. Dr. H. MORINAGA)

The author studied the influence of a series of radioactive hot-spring baths,
lasting 20 or 30 days, upon leukocyte functions in healthy male rabbits and in
patients with rhenmatoid arthritis and other diseases. The radioactive hot springs
used were ‘Hisui-no-Yu” and “Kenkyusho-sen” (the laboratory spring), both in
Misasa Spa, the chemical compositions of which are deseribed in Table 1. The
following results were obtained:

1) Wandering velocity of pseudo-neutrophilic leukocytes: When a series of plain
water baths (41° C., for 5 minutes daily), were administered, velocity increased
after the first bathing but later remained fairly constant, compared with initial
levels, except for a temporary fall on the 9th day (Fig.3). During the administration
of a series of the weakly radioactive ‘Kenkyusho-sen” baths (43°C., for 5 minutes
daily), it showed a slight increase during the first week, following a temporary
fall after the first bathing, and a decrease during the third week, but it tended to
return to the initial level by the forth week (Fig. 1). In the course of a series of
the radioactive ‘Hisui-no-Yu” baths (40°C., for 10 minutes daily), it increased
during the first week and tended to decrease during the second week, but returned
to the initial level by the third week (Fig. 2).

2) Phagocytic ability for carbon-particles of pseudo-neutrophic leukocytes in rabbits:
When plain water baths were given, phagocytic ability showed a rise on the third
day, after which it declined to the initial level and remained fairly constant to the
end of the observation period (Fig. 6.). On the other hand, the phagocytic ability
of the leukocytes in rabbits of the groups receiving radioactive hot-spring baths
increased more and more markedly as serial bathing was continued, although it had
slightly decreased immediately after the first bathing. The rise of phagocytic ability
in the group bathed in “Kenkyusho-sen” was especially marked on the third and
ninth days of serial bathing, and also on the tenth day after serial bathing had
been discontinued (Fig. 4). This tendency was also observed in the group bathed in
“Hisui-no~-Yu”, whose phagocytic ability was noticeable especially on the third and
14th days. The degree of the rise in phagocytic ability was demonstrably high in
this group than in the former (Fig. 5). Acceleration of the phagocytic function of
leukocytes in rabbits was observed up to the 40th day after the series of baths in
the radioactive hot spring had been concluded.

3) From these findings. it is obvious that leukocyte function is increased by repeated
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bathing, but it should be kept in mind that a so-called dissociation phenomenon
is present between the wandering velocity and the carbon-phagocytic ability of
leukocytes in the groups bathed in hot springs: namely, wandering velocity showed
a tendency to decline during the third week, while carbon-particle phagocytic ability
showed a marked increase during the same week.

4) In order to explore the effects of a series of radioactive hot-spring baths on
leukocyte functions in patients with rheumatoid arthritis or other similar diseases
(for example, back pain, fibrositis or neuritis), the author examined the wandering
velocity and the phagocytic ability of neutrophils, and obtained the following
results: The wandering velocity of neutrophils in patients with rheumatoid arthritis
or similar diseases generally showed a tendency to increase during the administration
of a series of the radioactive “Kenkyusho-sen” baths at a temperature of 42~43°C.
(Fig. 7).

The carbon-particle phagocytic ability of neutrophils gradually increase from
about the seventh day onward and reached a maximum during the second week, in
patients with back pain, fibrositis and neuritis (Fig. 8a). In patients with
rheumatoid arthritis, however, it declined temporarily on the fifth to seventh days
in 3 out of 5 patients but thereafter increased gradually, reaching its maximum on
the 20th day (Fig. 8b). Thus, the leukocyte functions in patients with rheumatoid
arthritis are accelerated by serial bathing, but the response in some patients may
-be a decline of carbon-particle phagocytic ability during the first week. This is
probably due to the stress bathing imposes on adrenocortical functions. It is
believed, on the basis of the facts described above, that follow-up examinations of
leucocyte functions can afford a better understanding of the effects of radioactive
hot springs on the defence mechanisms operative in living bodies.



