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Abstract

The purpose is to study the medical effects of the Yunohama hot spring (chloride hot
spring). 14 local residents whole body bathed for 15 minutes in hot spring water and tap
water at 42C. The following items were measured : blood pressure, pulse, surface skin
temperature at the forehead, deep body thermometer, femoral surface skin blood flow, NK
cell activity, HSP70, salivary chromogranin A protein. The measured values were compared
with the one-way analysis of variance and the Mann-Whitney U test by calculating the rate
of change from before bathing.

As a result, blood pressure, pulse, surface skin temperature, deep body thermometer,
and femoral skin blood flow did not show any interaction, and the main effect of elapsed time
was observed. Changes in the deep body thermometer showed a rise of 1.8% (0.71C) in the
tap water group (TWG) and 2.8% (1.00C) in the hot spring water group (HSG) 15 minutes
after bathing. After 30 minutes of bathing, the temperature rise in the TWG was 1.3% (0.52C)
and the HSG was 1.9% (0.66C), which was 0.6% higher. The femoral skin blood flow was
288.8% (10.3ml/min/100 g) in the HSG, showing an increasing tendency compared to 219.5%
(79ml/min/100 g) in the TWG. NK cell activity and HSP70 were significantly increased in
the HSG (NK cell activity : 31.42%, HSP70 : 11.57%) compared with the TWG (NK cell activity :
—9.37%, HSP70 : 2.44%). The salivary chromogranin A protein conversion was significantly
decreased in the HSG (—18.75%) compared to the TWG (35.96%).

The effect of Yunohama hot spring is thought to be caused by the thermal effect of
chloride hot springs. As a result, body temperature increasing, heat keeping and blood flow
increasing after single bathing, immunity enhancement and protein repair function enhance-
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ment effect after 2 days of bathing, and relaxation effect immediately after bathing was
recognized.

Key words : chloride hot spring, thermo-effects, NK cell activities, heat shock proteins, salivary
chromogranin A protein
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AWFZE TIEHIERIR ORROBGEEZ By & L7z, i fER 14 A2 42°C 15 55 M ot it
ZATV, JRERIE RIS, MM, IR, R R, PREREET, RERESE MM E, NK
MG L, HSP70, MEifir vt 7= > A 2 5E L7z, AHENCSH T 5210585 5 ZIthliE
WA & Mann-Whitney BUE THERL 720 f8UE, MUE, IR, B, oREARELET,
KRR K R MLt (XSS H AR AR ¢, FEmIE o AR 2D 72, S ARmEt, AR
15 73 C/REARE 1.8% (0.71C) - MR HE 28% (1.00C) Ofkim Lot 2720, W 30 55 TK
JEIKHE1.3% (052T) - MAHE 19% (066C) &7 0 0.6%MILASH Ao 72, RBEERMLH &I,
AGEIREE 2195% (7.9ml/53/100g) (ZHX, IR HEIE 2888% (10.3ml/43/100g) & B i)
RO 7. NKMIEE & HSP70 &, /KREARRE (NK MG © —9.37%, HSP70 : 244 %)
EHAGRERE (3142%, 1157%) A EAEME#D 2. WE s 0E7 7= A, KEK
B (35.96%) ICIH~IRME (-1875%) A ERBA 2ROz, fams LT, HEIERRE O
R FNIRACY R OB R T, 1 W ABTORE LS - PR - MEERERR, A2 H
HOGEN) LA L 5 2oy BERRRTGE, BEROLENY) 7y 7 2R E RO
F—T—F AR, AR, NKMRWETE e—travyrsTorAr, Wb o
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1. U ®IC

W IR I E AR O H AR IZH L7212 0, 2018 4E 5 H 25 H I RARFE M M IZ IR
XhTws (BHEE, 2018). HRIEF Y YA - ATy A—HLWRTH Y, BROREE
564, i 1kg DT MY a4+ 1236mg, AV A4 4 v 6287 mg, HiFEA 4~ 2589 mg,
B E KR 4944 mg, pH7.9 OFG T V7 ) AL IR TH 2 (Table 1). 3EALWIR O 72K E
HAahE, R & RS, 2002), WYL [BoW] & LTOMNEEZMATHWEEEZD
MDA, ZORERLITOVTIE, IHFE CHEIE Lg% .

Z 2T, G ORI T AR E AL -0, B RREAKE VT, KEKRAR
Exflt A LT, MBGREMETAZEZHME L. B, ZOWNEORRMEITIER %5
N5 &) RN RO BB Z PR T 5 72D I8 7 5 #3205 OBRE Tld % {, ZompMIZEN
5 A 72 I R % 1 502 7 OB % MGEE L 7.

2. Xt ®

5, BRI IECEAN 145 TH 0, 42CHKEREE - 74 (B k=34, 654=
65 7%), 42CHmAKRE 74 (BIE: &KPE=4:3, 624+58%) ® 2R3 72.

3. H pr

WIER R T EAERL T, ICE T 2 IURIER 2 KER PO izd, 3 XTOWMK
FI2WE, 180L DI K E KPR KPR EFTICABT SE 72,
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Table 1 Components of Yunohama hot spring sources (Yunohama No. 1, 2, 3, 4
and 5 hot springs supplied from Yunohama Onsen Hot Spring Co., Ltd. South
Distribution Center; April 7, 2017 analysis)

(1) cation mg/kg | (2) anion mg/ke
sodium ion 1236 chloride ion 2589
calcium ion 628.7 sulfate ion 323.2
potassium ion 18.2 bicarbonate ion 15.8
magnesium ion 23 bromine ion 1.6
lithium ion 0.9 iodine ion 0.2
carbonate ion 0.1

(3) free component

(Dnon-dissociated component mg/ke | @dissolved gas component mg/kg
meta silicic acid 43.0 free carbon dioxide 0.3
meta boric acid 118.2

(4) Other minor components

manganese ion 0.04

copper ion 0.02

Source temperature : 56.4C, pH : 7.9

WiEix, 2 HAi2 o &8 - 25 AB 2Ll ERHEO Y v 7 =60 H), FEEBRFGHIZHA
TR\ IRIN & W BRI, AT 5 0w iillaE, Wil B 2/3 £ CoALH 1548, W4 30 40/
&L, AR, AT ES) - AREEEL 2 HRRICRILEZ 7> 72, AHiths &
A QR E G MENRA, HAIREmE R, iWESeEBARET (7 v e 8 CTM205), KR
L—H—Fv 7I—Iliiat (7 Fo3y 2408 AFL-21) & w7z, SR IZIE OEETH 5
NK MGtk & & > 28 7 BASHEWE © HSP70 (Heat Shock Protein 70) & L, MEHITLCHEAYA ML
ADIRECTH HWER T 7 €25 = A (Chromogranin A) (MH#I 5, 2011) Zi#lE L7 (Fig. 1).
L 72fl1E, MAIZ X 21350 &ORBEE RIET 572020 [ (TR — Wi i) /di i < 100 % 5%
W U7z BEMFIATE, MUENRIT - ATAEEBE T B RS iR - AR EB ARG - KEREB L — ' — v
7T —MHEFHIOWT 2 R (FEH, BERERED) 12X 5 2l oo (two-way ANOVA)
VT, REMERZ#EO-HB SRS L L L HELERE (Bonferroni #:) B X U° Mann-
Whitney O#E % FEfi L7z, F72, NK MG - HSP70 - Wi 7 0€ 275 =~ A IZDOWTHE
I % 3 5 72812 Mann-Whitney QM % FEhi L7z, #KEHHENT > 7 b id IBM SPSS statistics 23
ZRML, ABEKEIZS%E LT

%8B, FHIFIZO T ERR R R PR AP AR TR 2 0KEEZH TS (181069).
COIL & LT, HIzilE - mEEOMIBIEHLFHEOMIEER DR Z T TV 5,

4. e

4.1 IMFE - AkdE

AR oM, WEOKE L MR X 2 MEIERIC X 23828 T 30~40% (20~30mmHg) @
FAAR SN ABHEE 412 10mmHHg F2E LA U7z RIED ABHERIEO LA L & HI215 5%
12 15~20% (10 #1/45) LH L7z BGHEMIME (p=074) - EEMIIME (p=069) - Bk (p=053)
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Exercise and whole body bathing prohibited from 2 days before

Entering the room
Resting position

Blood sampling: NK cell activity, HSP70
Chromogranin A collection in saliva

Measurement for 5 minutes

before bathing
¥ Blood d pul
Fullimmersion for 15 min. oo pressure and puise
o Surface skin temperature of the forehead
42°C Tap water -
[ o R Deep thermometer at the precordial area
42°C Hot spring water -
. . . Laser doppler blood flow meter at the femoral skin
bathing without notifying
to the subjects

30 minutes after bathing —v

.

‘ After finished: Chromogranin A collection in saliva ‘

After 2 days with prohibit exercise and bathing

‘ Blood sampling: NK cell activity, HSP70 ‘

Fig. 1 Measurement procedure

X, REAEMERO Loz F2, WRPNE (p=000) &R (p=000) (ZFEEFR O FR)
RERDT.

4.2 FERDOZEL

AR FR M iR, AT 15 20 CTREKEE 28% - I AKRE 29% CTHifEE DA 09C LAL,
ZF D% 15 5 CTHIEICAER L7e. miEsRmEhix, A 15 5 CREREEIX 1.8% (0.71TC) @
LHTH o728, RRAEIEL 6~84K LW b AR A% &7 L 15 411213 28% (1.00C)
WEL T, AT 30 49 CREAEE 1.3% (052T), AR 1.9% (0.66C) Tdh 0 R AKEED
139 2°06%RNETH -7z (Fig. 2). HIFHEERME R (p=1.00) - Bl AR (p=011)
X, REAEH 2RO b o7z F72, FFEHIEEEER (p=000) 38RO FER)R 2D,
T ER A BRI AT IR (p=0.00) B &L %R (p=000) OEREZ DL,

4.3 EFMEE

BHOHIZA > T B KB TE B Mt lE, AR AR 2 (S8 L 15 4508% TRE KR 2195%
(79ml/%5/100g) (ZH-N, KR 2888% (10.3ml/%/100g) & HhMEMASHERTE 5. MK
BIX 10 P RETHMHEE TL & o7 (Fig 3). KISV ——F vy 7 I —Iiat (p=096) &, %
HEMZBORp-7 F72, BM (p=000) BXORERRE (p=000) OFRREERD.

4.4 GiEHEEE
I OFREETH H NK MR, KIBHT & AT 2 HEOZALRAKEARRE & g U CiliR K
FIIAEREMZ o7z (Table 2).
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Fig. 2 Changes of the deep body thermometer (There was an interaction
and a significant difference was observed from 9 min. after the start
of bathing to 30 min. after bathing.)

Aml/100g tissue/min.
12

10 Spa water

after
during bathing bathing
1 3 5 8 1216 20 24728

min.

13 5|2 4 6 8 1012 14

Fig. 3 Changes of the surface skin blood flow on thigh. (There is a main
effect in the two-way ANOVA and there is a significant difference
between hot spring water and tap water, but since there is no inter-
action, it is not possible to display the significant difference at each
measurement point.)

4.5 BNV {EEWEE (HSP70)
7 s BEREREOIREE L LT HSP70 1%, AWHI & AW 2 HEOZILHRAKEKEE & ik L
TR A E % 8072 (Table 2).

4.6 WEFHIOETS=2A
ODHEPA ML AL LCABRIBOMERFB 70T 7 5= Alx, AGHTE AL 2 HBEOZEL
FAKEKEE L R L TR A I A E WA 237 (Table 2).
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Table 2 Changes in NK cell activity and HSP70 after 2 days, and changes in salivary
chromosgranin A before and after bathing

Item Tap water (n=7) Spa water (n=7) P-value
NK cell activities -9.37 (-29.69~-4.44) 31.42 (23.80~36.36) 0.02
HSP70 244 (-4.15~9.84) 11.57 (6.06~19.46) 0.04
Chromogranin A | 35.96 (-8.51~78.82) -18.75 (-20.42~-8.27) 0.03
protein conversion

5 & =

PR AR ) 7 A CHEE L TR 04%, FOMOIEEEMA S & 06% L D, K
EARCHK T2 ERINCGRF VT AN b\ RELEZ 5NE GRS, 2000). KA
SOLFEIRNRIEFC L 2R EPEL IO LEZOND.

IR R CE S TR R ZF o isic e 720, EIC X DR OEZER 2 PR T X,
%ﬁ?xFDX&E«@%Q#?&(%&%@&%%%“%%&LT%%LT“%

ME - BRITTOFEFNLEF QWA ITHK T2 R & F 2 5, ABEEY SEREIC XD DU - 35
RN L 20mmHg FREETAY), 20, MBI X 2 MERRZ X )b FrIilTL
BT IO LRV L CTw b, F20RI\AD ABED» SR 412 EA L7200 bR LA
I BB EFRRTE 5.

ARG O ZAbA SRR AKBEATKE KRB L C LA L TB Y, EAWRICE RS L
EZoND, BIANF=IRNICAD SAKRIZE S 20, BigthDBOBBURER A 225 2
L, BERMEFHOMEM G EDREEINL7-00RRMELEEZ OGNS (FIHS, 2007). &
NOOWRMBMERIIIER (S, 1998a, 1998b), BifiY) 7 ~F (Sukenik 5, 995), 2T
(Forestier &, 2016) 7 EOFRMERBICIRRVWFTCEZ 2L EbNs.

KRR 8 M = D ZACIZ BT AL F—HPIMENICA 5728 EO—LEHR (NO) %A L7
BIERAI R (Furchgott &, 1980, Chowienczyk &, 1994, HiHE—HE 2008) 12X 5 H DT, Wi
BIMKRO TRE DI T LAEEZ SN,

NK MG CA R o0, AEREE L IR L Tl RO B B 2N % i) 727290,
RO FRBHIIKRE D72 ELETESL (F5, 1999, BB S 1999, JLH 5 2000).

HSP70 TA % ¥ v 87 BHEMTEOZLHR L AT, MRAKHOGELRMMERD 2720, R
IREED TS5 VX7 IBIERREEDITTED H H DD LML TE L. ZED T TIEdD 5 DS AKEED

139 AR LA OB SN UL EEZ 5N D (Maeda ©H, 2007).

Wi 7 BT = A OBALEIE, KEABICERTRRKFIZARERBD 2R, WE s 1
BTV AREIVNS VT ELHGA N LA D R TE, RO HAGEA b L
AEFATE L bR, BREREKE LARDERPRENRICL - THHINLEIDLERT L.

SRR S N7z G EHIGRR OB L, FARDREZ RO+ MY 7 AR T FHEEOR)
BEHPWFTEDL LWERT S,

6. & AR
Pl X Y, BRI 04 % MEOHEAMR ORI R E LT, KEAKIZHAKNER AR & P
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WRDBHEBAKTH S, T2 F ARSI A AR FlE UIREGI R X 2 50 5 smah
VRO OHND. S HIZHSPT0 TH LY ¥ 37 B D KEKICHBELARICEAL, 37
BEREE D LR AKDIZ) BRIFTH L EEZ N S5, LHBA ML ZAOYGEEICHE LT,
A 22K 5 & SRR SIREAKDIT) A L AT B L RO NS,

AR EATIIZH720, WIRICH T L TW772W 7258 iR O Mg R o8k, % 5 N FEER
i feft L w2/l it (AR OREAE, Rl a ORIk 2 5 I RS O
EAICEH 95 & L B2, HSPT0 OMEZ R 51 & 21 T2 n 72k SR IR #w 2 L
ESE
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