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Table 1.
bath in healthy rabbits
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Fig. 1. Mean values of serum iron levels
before and after a single thermal bath in
rabbits

Serum iron levels before and after a single thermal

No.

Before After 0 . 1/2 ’ 1 2 hrs.
77100ml
1 173 124 119 124 124
2 182 147 187 147 160
3 273 210 273 250 272
4 196 250 183 210 213
5 110 92 86 78 93
Mean 186.84+72.2 | 164.6£79.7 | 169.6+£89.5 | 161.84:85.0| 172.44+88.5
Confidence
1imit(959)
Range 115-259 85—244 80—259 77247 84—261
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Table 2. Serum iron levels before and after

a single thermal bath in haelthy subjccts

i

Subjects | Before 1 After 0 ’ 1

| 2hrs.
7/100m/

Y. M. 125 140 144 150
Y. O. 56 56 63 63
M. M. 88 88 94 | 100
L B 94 100 88 94
T. D. 114 100 106 106
Mean 95.2| 968  99.0| 1026
Confidence | +34.1| £37.3| +36.7| £33.7

limit (9595)
Range 61—129 | 60—134 | 62—136 | 64~141
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Fig. 2. Mean values of serum iron levels
before and after a single bath in healthy
subjects
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Fig. 3. Mean values of serum iron levels
before and after a series of thermal baths
in healthy rabbits



64 [FER:N

A

Table 3. Serum iron levels before and after a series of
thermal baths in healthy rabbits

Bathing group

No. Before 1st week 2nd week 3rd week | 4th week
7/100m!
1 165 135 135 150 170
2 198 210 131 185 160
3 160 150 139 150 185
4 158 125 120 138 160
5 136 118 120 140 156
Mean 163.4427.5 | 147.6£49.0 | 129.0£17.0 | 152.6419.8 | 166.2£14.5
Confidence
limit (959)
Range 136—191 99—197 112146 133—-172 152—181
Control group (no bathing)
6 150 198 173 169 173
7 222 210 222 210 200
Mean 186 204 197.5 189.5 186.5
7/100m|
_ - 310
Total imon-binding capacity
e + 290
e m e - 4270
. [ — 250
Unbound iron-binding
capacity -1 230
- 210
\ 190
1 L - 170
7/100ml -
130 - ~ 150
110 - Serum iron levels
90
\\—-
50
30 -

| [

|

On admission 3

7

14

21

28 days

Fig. 4. Mean values of serum iron levels and unbound iron-binding capacity of serum
begore and after a series of thermal baths in patients with rheumatic disorders



TRENBD TSI RIT T BTN T 65

SWRUTY, 1EEH & 2050 H & iz hahiEo
MBS 2RLIZ 0% LE], Zho4Hcinehnd
4 EICREELSRED 6. FOVSEIZ AR 103
+287/100m/, 1R5RS : 128+£237/100m/, 205 : 144+
347/100ml, 4RE[E : 1614£257/100mi, 6 B3 @ 144+
137/100m! &7z -tz SRR DR @G 4 BRI A S
iz, RBARKARE 1858 oS diE ok -
HEY = - FRIBAS RS MBS %2 1| BERICRL
ROIZ4HIT, 2HEA S 4BMBIRZhERN 1EIT
Aoz, SEEEIZ ARG : 93£437/100m/, 1 R -
140£387/100m/, 2 K5RE @ 126+427/100ml, 4B -

On admission

7/100ml
190(

170+
150 l
130+
10+

0

70%-

! § J

1 i
Before After
1 2 4 6hrs.

T/100m|
190
1st week

170 - T -
l I~ _‘_
150 -

130F T \

110

I

90 -

T

70 o

sob L+

l | ! ! )
Before After
1 2

4 6hrs.

119+467/100m/, 6 IKE[103+337/100ml & 75 b, 1§
FERBEEOWINETH -T2, 3 5 ITERARPRE 2
AR B OSARHR TIE, BREIBHES 1FEETH
STob D25, 2EBMETH-80 24, 4KEH
BIUOOKHEETH-12 OB ThEn I FlEs-Tz.
TSI AR 108£357/100m/, 1R @ 143451
7/100m/, 2 R%R < 1704667/100ml, 4 B4 : 16079
7/100m/, 6 < 1574757/100ml & 7 b, 2 W T
PEEOMBBHZ AU, 4EME, 6KBHELD
EXEPTH-T2.

NG RS ARICERL T, ABIAEHRE, 58

7/100m!
250 -

230+ T 7( T
210 F
190

w
170 + l

150 -
130 - /

1o

90 - N

70+

| S— 1 1 J

Before After
1 2

Comparison of mean iron test curves
%
160

1

140 -

120

100 -

Before After
1 2 4 6hrs.

Fig. 5. Mean values of serum iron levels bzfore and after oral iron administration-testof 1 g

of reduced iron in the course of a series of thermal baths in patients with rheumatic disorders
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Table 4. Serum iron and UIBC levels before and after a series of thermal baths in patients with

rheumatic disorders

On admission |  3rd day ’ 7thday | 14th day 21st day 28th day
Subjects ‘
S-Fe UIBC | S-Fe UIBC ’ S-Fe  UIBC | S-Fe UIBC | S-Fe UIBC | S-Fe  UIBC
[ 7/100m] 77T00m! 7/100m1 77100m1 7/100m1 77100m]
K. M. 100 220 70 200 63 20 | 135 133 9 150 75 190
M. S. 48 210 53 210 53 210 63 200 68 210 65 220
0. B. 100 150 | 103 173 75 170 | 100 170 70 260 75 170
LY. 43 250 68 220 35 210 80 210 58 210 58 230
M. D. 70 220 53 240 3 320 65 230 53 250 53270
M. K. 70 250 53 220 73 190 75 220 70 236 80 250
I G 63 150 63 150 B’ 150 80 150 63 190
U. D. 100 122 70 70 80
L. K 75 36 40 90 80 70
K. O. 88 63 88 125 100
K. M 94 81 100 75 83
ggeag; 774 207.1 169.0 201.9 |56.7 210.0 [86.0 187.6 [75.6 21.51 |73.2 221.7
-ONHAence | + 137 +£39.2 | £20.8 £25.3 | £11.9 £50.4 | £13.8 +34.0 |+13.1 +352 [+10.8 +38.8
limit (959,)
Range | 64-91 168-246 | 48-90 177-227 | 45-69 160-260 | 72-100 154-222 | 63-89 180-250 | 62-84 183-261
TIBC | 2845 | 270.9 2%7.7 | 2736 290.7 294.9
% Sat. ‘ 26.8% ! 25. 4% 21.2% 31,49 26.7% 24.89

S-Fe : serum iron, UIBC : unbound iron-binding capacity of serum, TIBC : total iron-binding

capacity of serum, ¢ Sat : per cent saturation of the TIBC by the S-Fe.
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Fig. 6. Mean values of serum iron levels
befere and after a series of thermal baths
in RES blocked rabbits
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Table 5. Serum iron levels before and after oral
iron administration test of 1 gm of reduced iron
given with 30 m/ of lemonade-pepsin solution to

patients with rheumatic diseases

Oral iron After (hr.)
administra-| Before
tion test I1st 2nd 4th 6th
Before and
after a cocd
series of On admission
baths
7/100m!
Y. M. 130 161 192 195 161
N. M. 95 110 123 140 123
F. S. 75 138 103 138 150
K. T. 137 137 160 145 142
O. N. 74 115 128 170 145
M. S. 107 115 160 178 145
Average 103.0 127.7 144.3 161.0 144.3
Confidence | £28.0 £22.6 £34.0 +£24.5 +13.4
limit (959%)
75~ 105~ 110~ 137~ 131~
Range 131 150 178 186 158
1st week
7/100m!
Y. M. 160 173 170 115 98
N. M. 92 114 138 115 100
F. S. 56 137 103 183 137
K. Y. 113 175 160 113 105
O. N. 47 83 60 47 47
M. S. 5‘ 92 160 122 139 128
Average 93,3 140.3 125.5 118.7 102.5
Confidence | +42.6 +38.4 £42.2 +46.1 £32.9
limit (95%) 3 0
51~ 102~ 83~ 73~ 70~
Range 136 179 167 165 135
2nd week
Y. M. i 142 214 155 137
N. M. 114 137 158 205 205
F. S. 115 110 205 123 123
K. Y. ! 168 210 238 245 259
O. N. 74 65 74 47
M. S. 182 137 160 182
Average [ 108.3 142.5 169.5 160.3 157.3
Confidence | +£35.4 £51.1 %66.4 £78.5 £74.5
limti (95%)
73~ 91~ 103~ 82~ 83~
Range 144 194 236 239 231
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Table 6. Serum iron levels before and after a
series of thermal baths in RES blocked

rabbits
Control group
1st 2nd 3rd 4th
No. Before week week week week
7/100m/
1 138 115 100 136 130
2 124 92 110 107 124
3 92 92 146 131 110
4 138 115 96 139 120
5 150 250 122 138 150
! N
) 128.4 | 1328 114.2 130.2] 126.8
Mean | (3477 | 4£82.5| £29.0 | +18.6 | +£18.4
94~ | 50~ | 85~ 1 112~ | 108~
Range 163 215 143 149 145

Bathing group

7/100m/
83 164 160 155 136

6

7 115 160 138 176 120
8 128 138

9 138 138 118 176 150

10 138 92 135 86 136
Mean | 120.4 | 138.4 1 137.7 | 148.0| 135.5
© +28.4 | £32.0 | £28.2 | £73.1 | %£19.4

92~ | 106~ | 110~ | 75~ | 116~
Range | a9 | Ti701 166 | 220 155

Table 7. Diurnal variation of serum iron

levels
No. Before Sth (hr.)
7/100m!
1 210 185
2 210 195
3 214 155
4 87 90
5 230 210
Mean 190.2472.2 167.0£59.0
Range 118~262 108~226

Fo=5.25 < F;(0.05) = 7.71

7 /100ml
270 —

250 -

200

—\-

.

100 -
|

Before  After Shrs.

Fig. 7. Diurnal variation of mean

valnes of serum iron levels

4. ACTH ESICK B MEHBEDEE (Fi1. 12,
X11, 12)

WERFE S flic ACTH 2. 5u/kg RS LIS, 15
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ml (22. 6%) QWD T, WMEDZEIL 1 %DERETHE
(Fo=21.7>FL(0.01) =20.20) Thotr. EHIEER
D 5PITIE, HEHET: 104:£227/100m], P& S RERRH ¢
87+167/100m! T35 1727/100mi (16. 5%) Db & 72
HTEORICEEE (Fo=12.7>Fi(0.05) = 7.71) %%
Bz, Tiob b BT HEER CIREFRBIICL b~y
BEOWDIIBE ThH -1,



Table 8. Serum iron levels before and

after injection of cortisone in RES
blocked rabbits

No. Before 5th (hr.)
7/100m/

6 117 104

7 106 123

8 90 110

9 103 94

10 119 107
Mean 107.0£14.5 107.64+12.9
Range 93~122 95~121

Table 9. Serum iron levels before and after

injection of cortisone in healthy rabbits

No. Before Sth (hr.)
7/100m/
" 250 210
12 225 188
13 235 203
14 256 200
s | 225 180
Mean | 238.2+17.6 196.2414.9
Range 221~256 181211

Fy, = 105.6 > F, (0.01) = 21.20

7,/100ml
130
120 - T
110

| D &
100 i~
90—

Before  After Shrs.

Fig. 8. Mean values of serum iron levels

before and after injection of cortisone in
RES blocked rabbits
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FDSH b,

4) BHREFAL LB REIEERR  BRR PR
ITTTHELUZFRE TR, BRERABIRE - T MG
ﬁbivﬁi@%ﬂ—_\‘é th-iz.
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e, *iz cortisone, ACTHDEEIZ X -l
BEREOETYED s Nizhs, ¢35 UitiEskiEois
REROPHNRZ BT TEETL LI ->TED LN
AR fo

3T, ANEROKRERIRAE T0kg DADHE, 3~5
g T, Z QEBMNEEEL L OMEROER» S 3R ItX
NELENTNE, Tobb 1. AEROFEEICEERERS L
TOWABERS E U T2 ORIMIFMERICHETN 3 he-
moglobin G, JARLE®D 2/3~3/4FEE %2 5D 2~ 39),
TDIIHIT myoglobin, heme BEMNChIZELTH S
%k 5. 2.0 BbEkE UTOMmEES (Misgk) k3~
4mg (£90.1%) THHEHD 8 -globulin & &L THE
1EL transferrin & IFIEN 3. 3. HEEIIK25% &
#Z A oh ferritin, hemosiderin & UCTHT - 8 - B8 7
ERIFA6N2D, B3 FRHEETIIZ Z0—TFtHE
FHARRIC B BB EOHHORE 2RS0T, F
Bk ez on s, BEIShZ O3 O % la-
bile strage iron, BB XNhsizt s D% stable storage
ron & UTXHT BT &% H3 (Moor, 1958; AR,
1963).

ARSI RO 3 HDORCiEZEs turnover 36 b,
BNEEBSRINTE D, TORBNIT & UTHETH
VOB, MEEHE L OFEiIC RS2 L - TT 3
ferrokinetics ZkE) %Ik > THW SN T b, PoLLY-
COVE (1964) itk 5 L ER ARBIT 2 ARO% O ik
BYIXROWL THA. BED L RIE 5 hi s
DOPITFTTERIC, T OTRMIBRCBITL, EFARER
BN RHIICER SN 30 3 VIR THREL T
hemoglobin A3 2 1 2. hemoglobin i haptoglobin

7/100ml
260

2401~
220~

200}

180~
Beflfr—_——lAﬂerShrs.
Fig. 9. Mean serum iron levels before
and after injection of cortisone in
healthy rabbits

Table 10. Diurnal variation of serum iron

values in RES blocked rabbits

No. Before } 5th (hr.)
7/100m}

16 203 195
17 150 157
18 120 112
19 180 173
20 210 208

Mean 172.6£46.6 169.0488. 3

Range 126~219 81~257
Table 11. Serum iron levels before and
after injection of ACTH in healthy
rabbits

No. Before 5th (hr.)
7/100m/

21 211 161
22 180 166
23 211 138
24 214 173
25 273 205

Mean 217.8441.9 168.6+29.9

Range 176~260 139~199

Fo=21.7>F;(0.01) = 21.20

Table 12. Serum iron levels before and

after injection of ACTH in RES blocked

rabbits

No. Before | 5th (hr.)
1/100m!

26 90 78

27 120 . 100

28 120 98

29 82 70

30 110 90
Mean 104, 4£21.7 87.2+16.0
Range 83~-126 71~103

Fo = 12.7> F;(0.05) = 7.71
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LREE UTHARAIZICA 3. Tebbilkiikd o Ok
RGP RRIZICA b BICE R e A B, Fe?
PRWIZEBRERED» S, 1 BTy 32mg 0 (gL 5
BECETL, ZOHRO 2 meg idRmEkiz, 11 mg i
| AL, BE»LORNE, JHIT - RSk
HIZEENTHEEN L ENOHHPBBLLNEH, ZD
BlEENATH]I AN Img THEE0 5. fsEhoike
IR E DL 1 B Img EHEEIN TS,

TROLLETNTOXRICHET 5 1| HOB:EIZMED
LEMANBETIHED I0%UTEEZLLNS &S

;RIT, GOBEED L ORNOREEEICONTOHR
R EERMTHAS TR0, EREE - mEE 0
U transferrin & - JROBREMITH - SREFRRORE 5 &
DEELTWA EEALON (HES, 1963), HiCiiEs:
EPER L GNRES « SR A - IEIREER - 2k
Mg &), - MBEOREMSHEEES AT R D
B OBE» 6 OBRPUEESH B C BB S H
F o RMEREOTTELE RN E &I BB RO
TR ETC L E@BD S h, BIICGEIRENEAS
NARREICBORNOTIHEA S B &5 (LAURELL,
1947, 1958; PoLLycove, 1964).

MBS EO T T 5 @PROEHITONTIE—A/%
0% OHERETIEIC & » THREER T & 2 MBSk AT
AR b 2ENTIFRYE 5N, ToDICMBHEIZET
THEEZLLNTVA (VANNOTTI, 1957). RRELEFODL
MESSE IR MEOZERIC transferrin 3455 U T
miEHO transferrin BN A THB &0 D, E i
FEREMPGER G & BE U TRENARDOMIIES S 2 b B &

TEREOPESBALLNIERES HB (REDL, 1963).

CARTWRIGHT ¢t al. (1951) i ACTH, cortisone % T}

7/100m! _
250

200 -

150 -

100 -

80— -
| S

Before After Shrs,

Fig. 10. Mean diurnal variation of serum

iron values in RES blocked rabbits

U EE, 6 RIE®RICIEEDET 24 &,
ZF 72 histamine &% stressor 12k A MiESEE © B
PWEL, TEE - AIBERELVZEYTIZC) LI
Soashigh-tzZ L b, IESEDES) E TERE
BIEROBEE OMICIEEDS H B EEALND LN
THh, HDPEIKBNTHEEE (1954 13 BB E
ZOBONFWHBPEL LTWEEDN, RS
(1955) i3 ACTH, cortisone, DOCA 0 H ik % 1
BHEOHADZREL TS, BFHEORBTLTILE
YRS - TIESEII TS L2 05 ROER RS
BirTEsET A &, ACTH, cortisone i€k % MEEHE
OETIHEIEINE 2R -1,

7/100ml

250 -

150 -

100 -
SR |
Before After Shrs.

Fig. 11. Mean scrum iron levels before
and after injection of ACTH in healthy
rabbits

TRAB & MFEY: & BT A, gk (1957), 3¢
1 (1957, 1959), 7245 (1958) 5% O [ (1962) DWILE
BAHBICT Eigw. SRR LOERIT T § 32
KT ABRO—BE UTHRERER BRIEEER
BLOATESHEBRIERANG &, REOBIKERICK
B IMIEEHER CRMOEE 2 @EL, WIhd 1EOA
BILk > TIREFEDERIAED Ntz BN, [
1% (1958) 1242 % Aic-o & 1 BIOMATITHRE (QEY
THRUHEER) KX > TRBROERZREL TN, I
TEZ Y v~ FBFICHIRRS (%R 284 @170,
SHEMIhI > THRERELUIZER, —RERROWE &
EHICMBESED LA, WERECHEAM 2L ahiz
EDRTUAHS, EvVers (1954) O R, Schlamm
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BOREEE e — LTS, T (1962) 1 15
O (BWLKEBEERIEAMIAR), B8 (A
7 ovh VERITR) B4R R (AH KRR R
) 2V, 1EABICL 2 ESROTE » FRb L
UARIOWTEEL, BRIOBTREEDEILAL
B oMotz EWMELTNS.

T2 E (1957, 1959) 1Y &2 X T RV IZER
T, Fe* Ot % S ieimKh OB BEZ IRt
AT B ERWLMICL, REMTHEACKITTHAT
KO EBE L TW5, HiE (1964) & RO mfl & 7k~
TN 5.

7/100ml
150 —

A

50—

1
Before After
Shes.
Fig. 12. Mean serum iron levels before
and after injection of ACTH in RES
blocked rabbits
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HAEBEHICES Th-Ti VWA ENE T2 DR
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Pk, ZEEBABICE 25 MIESEOEHIC N
T2~ 3DERPHAAI.

Vit % ]

SEEAHRNEEER T d 2 BEURZ IR B M AT
FIRANBOMBHMBEIC ST B LR REL TROHMm &
Hi.

L ERBEAL 41 £2°C, 1045) i<k 3 fuf5gk
HOTENEX, ATRBAELED SN -T12H, ITE
O INERTIIBESD 56051 h T - TIE T O/
[A%RLiz.

2. IREEGARICL 2 MBSO : KBTI
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THE EFFECT OF RADIOACTIVE THERMAL
BATHING UPCN SERUM IRON VALUES

by Yasuhisa YaMamoro (Director : Prof. H. MorI-
NAGA), Division of Internal Medicine, Institute for
Thermal Spring Research, Okayama University.
Abstract. The author investigated the effect of ra-
dioactive hot spring bathing on serum iron values.
The serum iron values were measured by Umemoto-
Yamamoto’s method using o-nitrosoresorcin mono-
methylether, as a colour-developing reagent.

The chemical compositions of the spring water
used is as following:

pH:7.04, Rn: 38—151x10 '°uries//, K*:14.0,

Na*:540.2, Ca™* :61.2, Mg** : 6.6, Fe " :89.0,

Al***:0.1, CI":709.5, SO, :179.5, HCO; :

226.7, H.Si0;:89.0, HBO.: +, CO.: 29.5,
totaling 1, 827mg/kg.

1) Single bathing: The iron values in the serum
were measured before and after 0, 1/2, 1 and 2
hours after the radioactive thermal bathing for 10
minutes in water of 414+2°C in temperature. Single
thermal bathing showed no significant effect on the
serum iron values in healthy hnman subjects, but the
serum iron concentrations in healthy white rabbits
tended to decrease following single thermal bathing
and to remain at a decreased level for 1/2 to 1 hour,
and returned to normally within 2 hours from the
time of the bathing (Table 1, 2 and Fig. I, 2).

2) A series of baths : The author examined the
serum iron values of patients with rheumatic disor-
ders before and 3rd, 7th, 14th, 21st and 28th days
after in the course of “a series of baths” in radioactive
hot spring. Patients bathed in water of 41 & 2°C in
temperature, for 5—10 minutes, 2 or 3 times daily. A
fall in the serum iron values was seen on the 3rd to
7th days. At that time the pattern of iron absorption

from intestine showed a iron dificiency anemia type.
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The rate of absorption of iron was rapid. At about
the 14th day, the serum iron values of patients tended
to increase but unbound iron-binding capacity of the
serum decreased. Subsequently, the serum iron
values returned to the initial levels between the 21st
and 28th day (Table 3, 4, 5, and Fig. 3, 4, 9),

3) [Itis said that the reticulo-endothelial system
plays an inportant part in iron metabolism. The au-
thor injected 5 m! of Indian ink into the aural vein of

rabbits for the purpose of blocking the reticulo-endo-

thelial system. These procedures were carried out
once a day for 7 successive days. The rabbits with
“a blockade of R. E. 8.” had no significant change in
the serum iron values during a series of baths.

From what has been stated in the above, it may
be said that bathing in radioactive hot springs regu-
lates the iron metabolism of patients with anemia and
brings about the acceleration of the medallary func-

tion.




