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Abstract

Recently, it is noticed that the strong acid electrolytic water with the high oxidation-reduction potential
(ORP) obtained by electrolyzing of water including sodium chloride shows antiseptic and antiallergy effects.
On the other hand, it is well known that hot spring waters have various therapeutic effects on health.

The new type water having of both characteristics of the acid electrolytic water and hot spring water was
obtained by electrolyzing Zao hot spring water (pH:1.60, ORP: -30 (446) mV) diluted with water, repeatedly.
The such water named as reflux electrolytic (RE) hot spring water showed a high ORP (1,205mV) and contained
the same chemical components as the original water.

The possible application of RE hot spring water has been considered for the various area. In this study, we
examined the inhibitory activity of RE hot spring water against testosterone-5a-reductase (TS-5«-reductase)
which converts testosterone to 5«- dihydrotestosterone (Sa-DHT). The overproduced 5¢-DHT cause androgen-
dependent skin disorders, such as seborrhea, female hirsutism and/or androgenic alopecia. It is expected that the
suppress of the overproduction of 5a-DHT improve the physical aspect and psychological distress.

The rat prostate, which TS -5¢- reductase is abundant, was aseptically removed and homogenized with Tris-
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HCI buffer (pH7.5). j -nicotinamide adenine dinucleotide reduced form (NADH) and “C labeled testosterone
(TS) were added into the homogenate, and then RE hot spring water, Zao hot spring water and acidic electrolytic
water as samples and distilled water as a control were added and incubated at 37°C for 30min. Thin layer
chromatography (TLC) was done, and the autoradiograph was analyzed by bioimaging analyzer. The inhibitory
rate of conversion TS to 5a- DHT was calculated based on the ratio of the initial rate of TS-5«-reductase in each
sample to that in distilled water.

The significant inhibitory rate of 95.2% was shown in RE hot spring water. The acid electrolytic water (ORP:
1,142mV) and Zao hot spring water also showed the inhibitory effect of 51.2% and 71.0%, respectively. A high
ORP in the acid electrolytic water and a few chemical components in Zao hot spring water might inhibit the
reduction of TS by TS-5a-reductase, respectively. As the result, it was suggested that the highest inhibitory
effect shown in RE hot spring water was brought by the synergism of a high ORP and chemical components of
the hot spring water.

1. LI

FEMARNT Y TH5 testosterone (TS) B & UNZ DB E S5 o dehydrotestosterone(Sa-DHT)IE, H—
RUEBB L VUEZRUBORER ZOMBHREORBITK X 25 % £7: LT 5 (Roy and
Chatterjee, 1995). F7-LXMIZBWTHHE, KBE, HAOREER EI/EAT 5 (Rittmaster, 1995). TS
d, BRHTEEIHERT, ZETRIIE, BB TARSN, MREZALTLEICBET L. TS,
HMFAAIIZP I EE L 75, % 2 TEITEEE Td 5 testosterone- Sa- reductase(TS-5a- reductase) DYEH 12
£o7T, #EEE TH S p-nicotinamide adenine dinucleotide;® TLE! (NADH)DIE/E T C50- DHTIZZ5H &
L5 (Horton, 1992). KR EN725¢-DHTIZ, FERIVE » %%k (androgen receptor: AR)IZ#E4 L, AR
—5«-DHTHEEFREZER T 5. SLICZNDIBRICA- T, BRIV E VSR ETOEEERILE
LI AE A LERE2EA4E € N4 (Janne et al., 1993).

TS-5a-reductaseld, BUE2 DD A TH5580 LTV % (Chenetal., 1996). Type 1 1%, 312 RBEHE,
iR, TUABMIER CICHFEL, F7:Type2 IIRIVAR, WE, WERBAELCHHLTVNAE. Th
5 DTS-5a-reductase?’, BRUCELESND &, FEBMICEIVELZH, £FT ST HBHEFLE VK
FHORENFEL D Z L2 SN T W % (Randall, 1994). Bl X IEHIVAR 2 BV TIRETZAEIE A 2RI
BR7% A Ta % (Bonkhoof etal., 1996). F72, BEICBWTIZT 7 2 OREIZHDDH Y (Sansone-Bazzano
and Reisner, 1971), SREZICBV TIBMAL € VKFEMRERE, BEL ISR T 5 (Sawaya, 1997).
FREBIBNTH—BICEMANVE VREEREBESRONS & & 612, THERESEREL L0
b BIfRY & (Kuttenn etal,, 1977). TH 5 DEBIII L TIE, FERARE OREHAIAH SN T X 7225,
BIER ORENKE { ZOMEHIEHIR & 0T & 72(Liao, 1994). B, TS-5¢- reductaselE P % FAES
LILEMDHENHA LN, 2704 FELMERY / —VEA EOFERFTOA L5 & TriEAHs
A SN TV 5 (Chenetal,, 1996). —7, TNSDLEYEIZRE ) —EBOD 2 {fiLIE HTTS-5a-reductase
EHEZEET 5 2 & ARE &1 Ty 5 (Sugimoto et al., 1995).

BRBERCL>TEIEELHMRERL, ZRCRBRICE TN L ORSLpHA G L T
WAHIEFHON TS, FIZIEE (1996) IZEEMDORRIIT MY —HEEAOBENEND 5 =
EEHELTVE, ZZTRADERAF ¥ 2 &HiBRKIC, TS-5e-reductaseliEM % FHES 258
HHEDTIERVD, ZLTEZDL ) RFREFHIUE, BEKEBEMRLVE L RERERIIGHTE 2
DTV LEEZ 72, B, KEBEBREOTET CERDH LB ER T 2 BB EREA I E
HEN, HBERT M- ENORAPKRET &N, —HTIITTITEA SR TWAEEE - B8, 1997
SARIT A, 1997). —7, TS-Se-reductaselBTLEEZE TH D 2 L 55, BLIBILE R (oxidation reduction
potential: ORP) D &5\ MK b TS-5a-reductasei® M % FHE T X 2 WHEM 2D 5 .
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ARFETIE, BEKOF - ZFHEE LTREDIATINVESZEREL, S5IZEWVORPEE LR
RAKBEREFRBRAK)EEERL, FODTS-5e-reductaseiFHEI 1T 5 HEREICOWTRI L7

2. MBBLUHE

2.1.1 EREBMERKICHVWEZRRER
ERERRZAKDERICZINFEOBELRRZFEREE 25 R)F Az, HEHREUH A % Fig. 112

A L7z, BRI ICRIE, pH,
ORPZHIZEL, MOFERSB L VHlE
B DOSHITERZIHFLRD, R
TREET, BERTIFEEE TS
X< BESHACP-MS)E (INFEIE D,
1997)T47 o 7=.

2.1.2 BREMBRKDER
BRBERTEZKICTH2EAFRL
ZIRFEKE BREREICKTELERE
BEiTo7-(Fig.2). Thbb, BEHE
CHEE SN ZZRRKITE & THifbkE
DR AEITV, K 7HIZELR
5. SHIEBEEEBIBE TR TS
N-BEREICEOR, 22 CThlRRKE
BEBKICERIMEENS. &6 IGE
AL EBAEICES NV S - A
%, MEIFRAECRAESNS.

Akita

v Zao hot spring

Kaminoyamaonsen St,

0 2 4 6km
1:200,000 i —

Fig 1. Map showing the location of Zao hot spring in Yamagata Pref.
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Fig 2. Apparatus of manufacturing of reflux electrolytic hot spring water.
A: tank for sample and aeration(degas hydrogen sulfide), B: pump tank,
C: electrolytic tank, D: anodic water tank, E: cathodic water tank,
F: mixture tank, G: air duct, H: anodic board, I: cathodic board,

J: membrane, K: sampling, P: pump.
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Fig.3 Radio luminograph on TLC using a bioimaging analyzer.
*'RE hot spring water: reflux electrolytic hot spring water.
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2.2 TS-5a-reductasei®& M (C3d§ ZHEXNR

2.2.1 TS-5a-reductasefl &R ISH&R D HEL

7 v FEISZBRIZIETS-5a-reductase typelI’E TR TV B I EHFAS5NTWVE., £2 T,
TS-5a-reductase® A ¥+ & LT, SDRE, 7:HE 7 v PORIIRZOK L, FRIZFAED0mM
b ABERE (pH7.5) 2 I TOKE T THREY & — b LERRIEE250mg protein/LIZ 7% 5 & 5 [A#E
B THREL 72, THIINADPHA HAREE Immol/LIZ %5 X )M L, F7-, [“Cltestosterone
(2120Bq) % [A#% 1 AR EE 2mmol/LIZ %% 5 & 5 (2L 7=,

2.2.2 TS-5a-reductaseiEHEDBIE

FOSIC, FErtiEe LCEE KT, BHTRE L TRICEEZ N BRSM L 7-ORPD &\ AR
Kb s BEERKEBERRBERY, BAEL L TRAEMEBER KL ZNENE 2 I CFEERNL
7o, W%, 37TCORBHT, 300HA v Fan—T 3y LEBEREGEYTo7-. RInEEEDKE
LIY /= VEMATRISZFEESE, Y7008 7E b v4 IORBEETY ) 4 L (Silica gel
60 F254, Merck) B 7 0~ N7 7 4 — (TLO) 24T o 72, BBk, BBE2NA 4+ - 2 -V7
F 7 4 ¥ —(FUIIX BAS2000, ELEE 7 4 VARNICE V), BE LORSHESESFr AN, £R L
5¢-DHT2EE L 7.

2.2.3 TS-5a-reductaseiBEMAERNDEH
TS-5a-reductaseiG A ER DB I LT ORKIHE - 72.
FHER (%) =(FEE RO RE — REORBAERE),/ HE KO WEE) X 100
U #0#E B (pmol/mg protein/min)= (Kmet X Co),” & F & i (mg)
Kmet(ZE DA 3) = (In(Co./C1)./t
Co: FIEAEE R £ (pmol)
Cut: t73 D EE B (pmol)
t: UGB [ (min)
BAEL L 723 T + B R EG. D)TR L. EROAEEREIIREICL VITo72. 5%k
REEKEL LT

2.2.4 TS-5a-reductase’EMAEEREEHTICH T FBMEHKS S UBRERESKDORPD
ik

BMERKB L ORI ERERKDORPA, TS-5a-reductaselGHEERBLMAET CED L I 12281L
THEPICOVTHREF LA, $2bb5y LR AEY % — MCRAIEDS50mM MY R IEEEEE R
(PH7S)ZRML72b DT, 1:1 0HETHEEERKB I UBRERBERKEMABEA LK, &
HJIZORP% I%E L 7-.

2.2.5 $AHLVHMIC L BTS-5a-reductase;FEMEEEE
IWEBERRFERICETNAME L O & FIEEOBEZ AL, TS-Se-reductaseiE M2 T 2
FHERRIC DOV TRRAT.
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3.1 BERRERDILFERS
BERR IR OFHHRER & Table LR L7z, BERRFERIIFIE49.8C, pH1L.60DHEEHEAL-SO S
HSENTH L. 7z, ORPIITRAEHI-30mVER L722%, KBS T FHEETl3+446mVToH o 7-.

R

Table 1 Temperature, pH and concentration of major and trace elements in Zao hot spring water

Temp. pH Na K

(©) (mg/l) ~ (mg/l)

Ca

(mg/l)

Mg Al Fe
(mg/l)  (mg/l)  (mg/l)

so, B F  SiO,
(mg/l)  (mg/l) (mg/l) (mg/)

49.8 1.60 49.2 41.2

875

439 207 54.0

3,020 1.11 8.44 20.5

Li Sc v Cu

(g (ugh) (mgh (mgh

Zn

(ngh

Ga Ge Rb
(kg (ugh (ugh

Hg Pb  Th U

(kg (ugh) (ugh) (ugh

6.08 78.9 197 3.94

207

327 235 109

215 968 929 1.59

3.2 BEREMBRKNDTS-5a-reductase jEMFEE
HRE70< }7T 74— EDUC testosterone B & UF TS-5a-reductaseiE P & B H FEWC S¢-DHT

DBEGHEYESI TR 2 Fig. 3ICR L7z, BMETH ARBKTIE, %< DS«-DHTOELENTD S,

DEIBREEFRKTRE(RBIL, BRERBIVBREMERKTIIIILALRD LN LD o7,
HEK, EREORBIEEDS L UBEAKICHT 2AERYFig IR L7, BAHDEER, &

Bk, BRMERK, BRIE
RBIVRRERIRRK
T, Th£Nn25.68+3.0,
1253438, 493238 L
1.23+1.1 mol/mg protein/min
Thot. T/, HEAD
RHMEEL100L L-L &
DEIRE DA HE D E
HELTRLABEER®)
&, BRUEESK, BRIFER
BIUERERBRAKT,
ZNEN51.2%, 71.0%B &
U952%TdhH-72. Thbd
&, BEAKICHREEED
RoOLNIZ. F7-, BUHE
K L BIREBRRRKOMH
KHRARICEEENRD S
n7z. L2aL, mREBERE
EMERERRKCTIIEEE
BRRO LN h o7,

Initial rate of metabolism

30
= 25t
E
g 20}
[}

g
;; 15¢
£
= 10}
g
(="
N 5_
0

Fig. 4. Inhibitory effect of reflux electrolytic hot spring water, Zao hot spring
water and acid electrolytic water against TS-5 « -reductase.
Significantly different from distilled water: **P <0.01.
Significantly different from acid electrolytic water: a (P <0.01).

() : Inhibitory rate.

“'RE hot spring water: reflux electrolytic hot spring water.
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Table 2 Change of ORP in each sample under experimental conditions
at determination of the inhibitory effect of RE hot spring water

3.3 TS-5a-reductase;&MRH and acid electrolytic water against TS-5 « -reductase activity
EERRGTICH I 2EME o

Bk b & CRABRRRAOD - ORP (V)
ORPDOZEAL Time (min)

I v MAIVIRAFEY R — b _RE Acid
OB B E R hot spring water? electrolytic water
KB LRI ERIRRAKE TR 0 1,203 1,146
?ﬁ;ii;a . ?:F);RJP 10 826 837

38 +800mV I Tims»
L7 L, 2R 540 s 313 L
BITEBITEZ L — 30 811 810
EAHER L 72 (Table 2). 40 809 807

"I ORP: oxidation-reduction potential
"2 RE hot spring water: reflux electrolytic hot spring water

4. £ B

BRLVERIZ, BELVISEICORENL I ILLEOR L OB E L THAMEDERD —
BIllhoTE7.

NI THEMRNE MREBDOEREBICOVTIZZ L OEND Y, $-20OREA D=L L2
THOMRIEATVS, BETTHLNIZENTVATEEL AN XL, BlALVELO—F
Se-DHTDBFEEIZL 5L EZ LN T WA, TSH 5 5¢-DHT~OCH LB, TS-50-reductasel” &
Y471 % (Horton, 1992). £ TSo-DHTDBREE A IE, TS-5a-reductase BRIE A (2588 L 7T
2. MENTTS»bEBREN25¢-DHTIE, MPUIHEIT L CAREBEICEST 5. ZOEAR
DYLBHEEIZEHEL, AR ODNAK S FERT S, % L TAR—S«-DHTHEAED2E/k7S,
5«-DHTRIEDHEERH * 2 — F LA RIETEEEHIMICES LT, EENERL 2 ) BEHOLK
DT O 2 (Janne et al., 1993). BENFHFLET A TS-5a-reductase 1= & 1), 5¢-DHTAME KT % & 7Dk
REDTLEL T, BIZRAEK, BINBRE, 72 4%, KEBRUSEE, BHALVE L KEREERS S
CIEER LORBRERIEND. MERBUANVE VKFEMERDEEIZII50-DHT ¥ ARNOKE
BEEETLRMEEHIERA SN TE, L L, BWEHOMENAE < 20EHIZ K < BIE S
N TV % (Liao, 1994). FEARFEFIHER OBIEAORELZ SR, LVEWEHOA 2 WEBR LT
VIERREFET HHMT, TS-Se-reductase FAE(LEMDERMEIITHON, W< DhDLAWHE
5 ST —EIZERRAE T DIBER D # A TV> B (McClellan and Markham, 1999). L2, ZH 503
ARV EFOLEY TH Y, AREEEPHEA KNS CEEREE L (BRI NTVS D
DD, R REARPLETH )V ZORERZEETE 2V DL ELI LN 5,

40, BERRERZEERR L TESNBRERBESRKIZ, invitro TTS-5a-reductase % 95.2%
DHEEFRTEFICRCBEEL 2. BRBMRFAKIE, ERINERKTHL I ED0, IFRIEEITHH
THELTYH, KAICTHLMNCIEER ORI ZE X 10w, 2 L CER ISR Bk L
EUVREHORBLREHECREENLIbDEEI LIS,

RLEARRKATS-5a-reductase FAEM R 2RI ER/ % Table 31K L7z, L) —o iz Z20En
ORPILHZ EER LD, €% 6ILTS-5¢-reductase ASNADPH% I ICERK T 2 BILREZTH 1)
TOLOBHCBRILNEZETEKIE, COBEICLIBTRIGICH LIEMREL TR LR ESh
5. TLUTEMBMRBRAKE AEREDOORPE HOBMEMKIIS1 29D HEFEMITD b o L
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&, ChEIFTEIDOLEX OIS, —F, BREBEEBROSHFEIHEREY 5 — b £50mM b
) ZIEBIRER OB REZ IS 2R THH. ORPIZEEYINRIET % L ZORENIIRST 2
(BH T4, 1997). FD-OFEEERKSB X BAEMHRK TIZBIMEBEICB W TORPYSIHET LI LD

TFHSNB., L

L, BiviErEY Table 3 Possible factors of inhibition on TS-5 « -reductase activity of RE, Zao hot
7 s it spring water and acid electrolytic water
= 50mM

RE

Zao Acid
1) 238 &y Paramet:
) . M&ﬁ@liﬁw ° hot spring water"! hot spring water electrolytic water
St R AN NI D)

¢ pH 1.89 1.60 3.7
ORI???@?%%&?T ORP (mV)? e 30 (446)" 1,142
L. f: BRI, R Zn (ugh) 143 207 20.7
m# o ﬁj\ € Available chlorine (ppm) 20 0 8
+800mV X THED Inhibitory rate (%) 9522 80.8 51.2
Libon, #h

| S n s« ' RE hot spring water: reflux electrolytic hot spring water
UEREAETD - ORP: oxidation-reduction potential

i baones *3 The value of ORP equilibrated with the atmosphere is designated in parenthesis

TI3H+800mVDORPHHERF S Tz, T L hHBEEMRAK TR EINS51.2%DHERIL, Kb
RITEINL 724, +1,142mV 2> 5+800mVIZHA L 7-38F8 T, TS-Se-reductasel & %5¢-DHT DB
REBEELLEREEZEZONS. LAL, —HTERRERBRKOEERIIS2%TH Y, BIUEHE
KOBHERIZEARFREIIE . TOI LIIBRERRREKTED L NHEERICIE, ORPUSIOE
HOETNAZERRELTWE,

Sugimoto % (1995)idtype 15 & Utype MDZNZND L b DTS-5¢-reductaseEIZF %, b - EIRIEE
MRIAR T HSW-3HIRLICHARA TR LR, VF YA, ALVIYLA, ARIVL, §, w72
VL, W, v T, REEOERBRICLAMEDRERT L. FOER, ypelllBIILEEED
50%FAERE (mM)IX, # FI YL, &, B8h, —vrVBIUHT, FRERT09, 19, 20, 169.2
BLU1742THY, A FIT L, 0, HHHICL > THIEESA TV, type ITIE, 75137
19.2mM D50%FHEREZRL, DO IHERHEIEOOLN TV, KEERTIE, type IO
TS -5a-reductase® %  ELRIARE VTV AA, BEBRIERICT1.0%DTS-50-reductaseiE ML E
RSNz, RRIFR DORPIZ-30(+446)mVTH 1), T DREEIZORPHEE LT 5 L id#E 2 12¢
V. o TRRIFR TOEMBEE I, BRICEINDL I 27 VESDBIRL TV B TREEIE.
L2 L, BERRFERCEINTVEMIZ0.068mMTH o 72. EBREHOZE, &5\ idtype 11
TS-5a-reductase DTEZ %X ER LT, Sugimotod DIREIZHB VTR S N7-50%AEERE19.2mM I H
"R NEVETHS. —7, Fahimetal. (1993)i%, HEMICHSICRRLT v M Vva v gD 2
WIETVF CBRES E RIBRNE S L, BELMVIREE, TS-Se-reductaselftE, £2BHEB LIV
DNAREDRBAD & RBD7z. ZOI &5 5 HER D typell TS-5a-reductaseiFEHERHEICE S L TWa 2 &A%
ZrONB. 72720, HEEOHERENEORENIHES 2 TH V., 2O AI2E L Monsalve et al.
197D 10OmMMDEEREIZ L D T v M EIZILF DS ¢ -reductaseiB P 2 50%HL €5 2 LD HEETH
HEHRELTVS. 22 CHERRERICE TN 2 HE20Tmg/LG.2mM)B & U OEE & FigED
BHRBLIUMEREL, TN ENHEER21To72. LA L, HEHNREIE{BOA L7 &5
{ZMonsalve et al. (1977 10mMD < > 4 ¥ DFRANTTS-5a-reductaseif % 25% WA £ 5 Z & L ]R|E
LTws, BERREERICEIN TV Y H Vi327Img/L @9mM) TH 5 I L2 SiBRIER TR
N771.0%DTS-5a-reductase HEF ML, BEBFRICHBHELEINTVEAT LV H U HHVIEFD
MOELDIXTVESDHEENRICLAODEELIONS. F7-, BHERESKL BRESOMH
EEEICEEZIRDO LN 25728, BRERBRKIBRRERICHE5%E MEEZRLEZZ L
id, BREREBRKOEFTEZECBRILNLBROI AT VRS L ANEIHRWIERA L D
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ZxbN5b. SHICERREBRERKE LUVBEEBKIEIN TV I2AMERIIREERERTIL
FEHOSNTWA, D VHEFLBILT AN %2> Twh. iEo TTS-5a-reductaselBE M (33 5 FHE
MRVPZEZONS. LIL, COFMERIIEAE R EOFEY L ORHENEL, Fno & EMT
BEBRGIEDOMENPERET LI EPRE SN TV UBEIZ, 1997; JEH, 1998).

BRI BFRFE K DTS-5a-reductase [HEREDILHIZ DV TIX, BRIV E VIKEROKREED 5 \»
TEE, THIIFEDSEE, T7AREDPEZONLY, TNLHIZOVWTEEYERDEDTSHE
DIFFTREL T 5.

5 ¥ & ®

BEHERIVE Y THATSITHMEMIEAICEB L7218, EBTTEEFE TH HTS-5a-reductase B & VHEER T
HAHNADPHOFE T TRE &N, L VEWEMFRLVES THA5«-DHTICEBREN . Z!Sfiif%"ﬁf“ti,
IRIRIFR 5 5 pH1.89, ORP+1,205mV A H T 4 BILEMBRRKEZ ER L, #DTS-5-reductaseiF i 12kt
FTHHERRIIOWTHE 21T o 72, ZOE, HEFRIIHRL L THWAEEKICHL, ﬁosu%
RRAIL95.2% & M OBEMEMAKB L IRRERIARBEWEEZRLE. ZOBVHEERRIE, HEg
KBV ORPE AT HEEMBMHBAKDBEERNS12%, T2, £ DI AT VHESEETREFERHITLO%
TholzZhb, BRBREBKOETLIEHVORPELEBRIZETNS I 2 T VEDHAEENIIE
ALzb0tE2ON. LML, 40, BRRERICEINLIHEMBLIUMICER L, FEEOBR
RPRELHEEREZITo0, COBETOHEEMNREIFOON L o72.

HE

FRRFEEATH)H2Y), B e TH A2 W72 & I L@ ERREMERTRILLHKS L 0E
EXIHE R VLS I L@ EABBERERSTA ERICESHBLET.
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