
� �

� �

� � � � �

� � �

� �

� � �

� �

� �

�� 	 
 �� �� 	 
 ���

��������� ��������� 

!"#$%&�'() ���*+*,

� �� � � �-.��

� � � ��/012 345� �678 94:; <=>?

�� ��

�������	
������	����������

� � �
� � �

� � � �
� � � �

�

Abstract

273

KOUCHI UMATA HAMI

KEDA GISHI

Fuculty of Bio Science and Applied

Chemistry, Hosei University, Kajinocho , Koganei-shi, Tokyo , Japan.

ResearchInstitute of Health

Resort Medicine, Konan , Minato-Ku, Tokyo , Japan.

J. Hot Spring Sci.

The melanin formation suppressing e ect 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 e ect. In the measure-

ments, each of the spring water samples was adjusted to pH using a phosphoric acid

bu er, tyrosine and tyrosinase were added to each sample, and then the absorbance (at a

wavelength of 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

Shoichi O , Kouhei N , Takao O ,

Shigeo I and Yuko A

Influence of Aging of Hot Spring Waters on

the Melanin Formation Suppressing E ect

+ +

, ,

,

+ + + + ,

+ + +

+ ,

,+ / +, ,+ ++ +1

+2. 2/2. - 1 ,
- 1 , +2. 2/2.

+*2 **1/ . 0 2 ,-*,
. 0 2 ,-*, +*2 **1/

/3 ,1- ,2+ ,*+*

#

o
#

1
#

.1/

#



� � � �� � � � � �	 
 � �

� � � � �
� � � � �

�
� �

� � � �
� �

� � �
� � �

� �
� �

� � �
� � �

� � � �
� � �

� �
� �
�

� � � � �
�

� � �
� � �

� � � � �
� �

� � � � �
� � � � � �

� � � �
� � �

� � � �
� � �

� � �
� � � � � � � � �

���� � � �����  !"#$ %&�  � '()
� *�  + ,-./ 012� 3+45678 9:;<=�>

?@7 ABC' )DEF'GH/I .; JK�� 3� +�7%LMNO5
� ' P QRS7!"#T �QRSU5V+() >?@7 � W �XDY5
Z[R\�]^ +_` ' .; a!� 3�45678� � 3�b7
c�+d ��`W_e9:D fA '� 3b7c�'gh+ijkl XDH
� +m ./ � 3�45678�no =H+ %pqr s t2
u. JK'v.; 0�wC � !"# x'012� 3� � H 45
678b7c��� y1z�- '>?@7 + A{D� |$}4567
8no.;b7c��� >?@7| 91DwC+~.;
92' >?@7� � 91Dy-t2 � 3�qr� � � JK+
�L��5� + {D U�R7 ��4Q�7 � + H/o�; 0�

wC � � 45678b7c��qr� �y1z� � +� {D|
�� � &����jat�; � 45678b7c��� � !"# x'
� &�� �jat�; y�y-t2 �qr�� 3��>?@7� A+{
D��� ��� &��aDy-t2 ' )DBC' ja�H|XDy-|
2t-a�;
�5�5Y >?@7 Y5Z[R\ 45678.;� 3 � $ � *�

� &

� �� '"� �� XDH� a�� �91/HD .t. � �y1z
� � P�BC|XD| `W_e./45678 |no.;� 3'�BC|a}a
Dy-| �W�H )21/j; y�y-� � � H �� � � |� �P�`
W_e'"� � 3| p./H}y-+ �'��/j;y-+� {D
� }�� � � � 3� ��� p ¡ � ¢9a�t2 � 3+£e ¤
¥. ¦§�¨©ª . .;� 3�«+ ¬ ¨© |m 91/j/HD ¨©��
¥� ®| -aDy-t2 � 3�¤¥|� ¯21/HD .t. yy°  
t¯ . �� z��| ±² '"�¤¥+� ¯D³ a�|A 91/j/HD
0� a ' � ´�µ¶· � a P� ¸|XD  ³ �¤¥|� ¯2
1 0� H �XD� '¹ | (91; º»¼�¹ (./� 3� a���
  - ½2aH- ./HD .t. ¼2� %p
qr s � 2 �

� �� � � �� � 	�
� � 

� �  �� �� � �� 
� �  �� � 

��� � � 
��  �� ! "

# $ %&  
' () $  ()

*() +  # , %&
- �  �  . / 0

12 �� � ( .
��

34� ��  �5 34 6
34 7 8 9:; ; +

�  0 �5 < ; 6 �
 ; 6 ( �  �
; 6 = 1  ���

34 6 34 � � >

 ��  �  �
 34 6

 ) ? # @&�5 & 
? A 

B  � C ! ?
 D E F

G H  I  JK L M 
+ JK  N +

OP Q RS  TU VW
 X  Y( " TU Z &
9[$ Z \] ^_ ` � Z TU
� C   a  a bc �5$

 d e> f
, � � � �

� �

� � � � �

�

274

Melanin, dopachrome, aged hot spring water, Nozawa spa, Takayu spa, Tengu

spa, cutaneous permeability.

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 di erent

in the degree of cutaneous permeability, it is apparent that the species of reductive com-

ponents can cause a significant di erence in the e ect of suppressing melanin formation

in the skin. Further, as having been generally said that the beneficial e ects and e ca-

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 e ect of suppressing

melanin formation in the skin.
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Fig. Melanin formation mechanism.

Fig. Scheme of experimental arrangement for film permeation of reductive components.
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spring water samples (Tengu spa) as shown

Fig. Absorbance of dopachrome ( nm) as

an intermediate of melanin formation reac-

tion during the aging of Takayu hot spring

waters

: Purified water (pH ). , , , :

Hot spring water samples (Takayu spa) as

shown in Fig. .

Fig. Absorbance of dopachrome ( nm) as

an intermediate of melanin formation reac-

tion during the aging of Tengu hot spring

waters

: Purified water (pH ). , , : Hot

in Fig. .
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Variations in absorbance ( nm) due to dopachromeFig.

produced as an intermediate in melanin formation reac-

tion for Fe ( ) aqueous solution.
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Fig. Influence of ORP pH variations of Nozawa hot spring waters on film permeation.

: Hot spring water. : aged hot spring water. : variations with time in puri-

fied water in film enclosure.

Fig. Influence of ORP pH variations of Takayu hot spring waters on film permeation.

: Hot spring water. : aged hot spring water. : variations with time in puri-

fied water in film enclosure.
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Fig. Influence of ORP pH variations of Tengu hot spring waters on film permeation.

: Hot spring water. : aged hot spring water. : variations with time in puri-

fied water in film enclosure.
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