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Abstract

The melanin formation suppressing effect of hot spring water with respect to its
aging was measured using samples of alkaline sulfur spring water collected from Nozawa
spa in Nagano Prefecture and acidic sulfur spring water from Takayu spa in Fukushima
Prefecture, and samples of iron spring water from Tengu spa in Nagano Prefecture. For
aging, the collected spring water samples were left for predetermined periods of time in
an open-system environment, air bubbles were forced into them, or combinations of these
methods were used. After evaluation of the degree of aging based on ORP (oxidation-
reduction potential)-pH relationship, the spring water samples thus prepared were sub-
jected to the measurements of the melanin formation suppressing effect. In the measure-
ments, each of the spring water samples was adjusted to pH 7 using a phosphoric acid
buffer, tyrosine and tyrosinase were added to each sample, and then the absorbance (at a
wavelength of 475 nm) of dopachrome produced as an intermediate in melanin formation
was measured in terms of variations with aging time. The measurement results showed
that non-aged samples of both sulfur and iron hot spring waters characterized by a low
ORP suppressed melanin formation as expected whereas aged samples of these spring
waters having a high ORP did not suppress melanin formation.

Furthermore, since melanin is formed in the skin, we have also carried out experi-
ments to investigate the cutaneous permeability of reductive components of the spring
water samples. As a substitute for the skin, a nylon-polyethylene double-layered film
having an equivalent-to-skin barrier function was employed. In the experiments, reduc-
tive components (H,S) of non-aged sulfur spring water samples permeated through the
film while the film permeability of reductive components (Fe (II)) of non-aged iron spring
water was not observed. Contrastingly, no film permeability was found in the cases of
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aged samples of both sulfur and iron spring waters. Since reductive sulfur and iron hot
spring waters, both of which are capable of suppressing melanin formation, are different
in the degree of cutaneous permeability, it is apparent that the species of reductive com-
ponents can cause a significant difference in the effect of suppressing melanin formation
in the skin. Further, as having been generally said that the beneficial effects and effica-
cies of hot spring water are lost with its aging, the present work has confirmed that the
aging of hot spring water results in nullification of its beneficial effect of suppressing
melanin formation in the skin.

Key words : Melanin, dopachrome, aged hot spring water, Nozawa spa, Takayu spa, Tengu
spa, cutaneous permeability.
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Fig. 2 Scheme of experimental arrangement for film permeation of reductive components.
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an intermediate of melanin formation reac-
tion during the aging of Nozawa hot spring

HRTIE, =—Yv7icks pHIicZ bl iﬁbﬂt& waters

W2, ORPEIEHT 0 @—H—A—¢HICiA O : Purified water (pH7). @, H, A, & :
o . . Hot spring water samples (Nozawa spa) as

J:ﬂtf: mE, VM/‘ w77 —TCpHT i:éja@ shown in Fig. 3.

L 7o ks8dk % Fig. 8 ©OFIT/R L7288, PRI dH

5T EDBDHD
Figures 4 »» 5 6 1T,
BRZhENT— Y Y 7 OEELL
YRS 7 e 2 (Fig. 1) 1<
70 L QWS (475 nm) Z{bER L7,
v (OHD Tid,
RIGHHEIT L TV B T E MR TE .

R, SGmRs LR
WX LA 5=
B BHEED K =¥
) VN 7 > —TpHT
WIS PO F R R EIC L ERL,
—7J, Fig. 4 BX U Fig. 5 D@HITRTEHR, SEb &

4 BRK (HFRER) OT—I VT ITES X
S VERRISICEITBHEEK (K—xs
O4) OREE U75nm) &1k
Ok (pHT). @, H, A, & X3
NG EIRIESRKD 4 v 7o

WCEHEL L kR T v b o —
F—s¥7 o aphEpRksh, £ 5= vk

VCENLT— YV IHHEITLEZERKTE, - Yy 70#T70oEAE0 (@)—~H—-A—@H) I

KB LT, iRt

Figure 6 12789 KAlRR/K (@HD T, F1DEEEICZ/LIZBWHE DD, 1045

OB EF L, * 5 = ARG R Rb N B f5R 2R L 1.

XD SOk

277



REINIE—, EEMEN:, KRfEER, S, PR

0. —
§0'6 0 ox‘*
S04 — .

» . A a !
202 A‘ — i

?

0 6 12 18 24 30

time [min]

Fig. 5 Absorbance of dopachrome (475nm) as
an intermediate of melanin formation reac-
tion during the aging of Takayu hot spring
waters
O : Purified water (pH7). @, Hl, A, & :
Hot spring water samples (Takayu spa) as
shown in Fig. 3.
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Fig. 6 Absorbance of dopachrome (475nm) as
an intermediate of melanin formation reac-
tion during the aging of Tengu hot spring
waters
O : Purified water (pH6). @, H, @ : Hot
spring water samples (Tengu spa) as shown
in Fig. 3.
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Fig. 8 Influence of ORP-pH variations of Nozawa hot spring waters on film permeation.
@ : Hot spring water. 4 : aged hot spring water. O : variations with time in puri-
fied water in film enclosure.
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Fig. 9 Influence of ORP-pH variations of Takayu hot spring waters on film permeation.
@ : Hot spring water. 4 : aged hot spring water. O : variations with time in puri-
fied water in film enclosure.
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Fig. 10 Influence of ORP-pH variations of Tengu hot spring waters on film permeation.
@ : Hot spring water. 4 : aged hot spring water. O : variations with time in puri-
fied water in film enclosure.
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