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addition of rhododendrol using the fluorescence probe 2/,7'-
dichlorofluorescein diacetate (CM-H,DCFDA) (data not shown),
antioxidants were observed not to rescue NHEMs from rhododen-
drol-induced cell viability suppression (data not shown), which
clearly suggests little or no involvement of oxidative stress in the
rhododendrol-induced melanocyte toxicity. These findings en-
couraged us to hypothesize that the rhododendrol-induced white
blotching might be predominantly caused by one or more toxic
metabolites derived from rhododendrol, which would be consis-
tent with studies that suggested the involvement of tyrosinase-
catalyzed metabolites with melanocyte toxicity [41,42]. Analysis
using LC-MS/MS demonstrated the generation of hydroxyl-
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rhododendrol with a retention time around 21 min only in NHEMs
with a higher activity of tyrosinase (Fig. 3). This generation after
exposure to rhododendrol for 1 h was observed to be higher than
that for 3 h. The incubation of rhododendrol with mushroom
tyrosinase confirmed that this generation of a hydroxyl-metabolite
was catalyzed by tyrosinase in a dose-dependent manner (Fig. 4).

3.3. Rhododendrol is immediately converted to a highly toxic
hydroxyl-metabolite that damages melanocytes

To further examine the practical effect of hydroxyl-rhododen-
drol to diminish the viability of NHEMs, a hydroxyl-rhododendrol

0.9 r x
2507
3306
Q) o
9 ®05
‘-8 § 04
3
<£203
& &
o0g0z2
0< o1
0
g 82 8.
£z S £Z
2 0B sx
582 S
= ~
120
e Control siRNA
> 100 g Tyrosinase siRNA
==
g5 & \
o 5 60
CED) o 50
a“c:‘: 40 \ \
ES op
5%
< 0 \%&——&—4——9
-20 0.007 — 0.037_ L '
0.001 0.01 0.1 1 10
Hydroxyl-rhododendrol (mM)
Tyrosinase siRNA
X
§ 4.0
.‘é_’ 3.0
g 2.0
IS 10 hthabioes s P A A A Tty rasvien el

12 14 16 18 20 22 24

Time (min)

26 28 30

32

12 14 16 18 20 22 24

Time (min)

26 28 30 32

Fig. 5. Effect of suppressing tyrosinase expression/activity on rhododendrol- and its hydroxyl-metabolite-induced melanocyte toxicity. (A) Western blotting analysis of tyrosinase in
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Table 2
ICso values of cell viabilities to rhododendrol among melanocytes treated with gradually increasing amounts of a siRNA specific to tyrosinase.
1 2 3 4 5 6 7 8
Concentration of tyrosinase siRNA (nM) 25.0 5.0 3.3 2.5 1.7 0.8 04 0
Concentration of control siRNA (nM) 0 20.0 217 225 233 242 24.6 25.0
DOPA oxidase activity (absorbance at 505nm) 037+£002 042+001 0474002 0474002 054+001 063+£002 086023 1.02+0.19
1Cs0 of AlamarBlue activity with rhododendrol (mM)  6.47 6.54 6.85 6.87 6.47 6.32 2.98 0.32

metabolite was synthesized followed by an evaluation to compare
it with the toxicity of rhododendrol. The ICsq values of melanocyte
viability tolerant to hydroxyl-rhododendrol were approximately
20 uM and 60-70 pM in NHEMs with higher and lower tyrosinase
activities, respectively (Table 1). These data strongly suggested
that those ICso values were dramatically decreased by approxi-
mately 50-100 times compared to rhododendrol, regardless of
whether NHEMs had higher tyrosinase activity or not, and that
NHEMSs with higher tyrosinase activity persistently showed lower
ICso values, indicating hydroxyl-rhododendrol to be a major
causative compound that impairs NHEMs.

3.4. Suppression of tyrosinase expression rescues NHEMs treated with
rhododendrol or hydroxyl-rhododendrol

To directly evaluate the contribution of tyrosinase-catalyzed
hydroxyl-rhododendrol to melanocyte toxicity that could result in
skin depigmentation, NHEMs treated with an siRNA specific for
tyrosinase were incubated with different concentrations of
rhododendrol or hydroxyl-rhododendrol. Because of the presence
of many melanosomes containing active tyrosinase in melano-
cytes, the efficacy of the knockdown of tyrosinase expression and
activity was demonstrated to be consistently reduced by
approximately 50% using Western blotting and DOPA oxidase
activity analyses (Fig. 5A and B). Even though there was not a
complete suppression of tyrosinase activity, these siRNA-treated
cells allowed us to use this approach to further determine the
mechanism involved. The ICsq value of melanocyte viability
tolerance to rhododendrol was shown to be about 50 w.M in
NHEMs treated with a nonspecific control siRNA, whereas that
number in NHEMs treated with the siRNA specific to tyrosinase was
about 6 mM, revealing that tyrosinase markedly augmented the
cytotoxicity of rhododendrol by approximately 50-100 times
(Fig. 5C). In agreement with this, LC-MS/MS analysis confirmed
that treatment of NHEMs with the tyrosinase-specific siRNA
abolished the peak of the hydroxyl-rhododendrol metabolite
(Fig. 5D). Interestingly, the ICsp value of the viability to highly toxic

IC,, of AlamarBlue Activity
with Rhododendrol (mM)
N W e OO N

hydroxyl-rhododendrol was increased by about 5 times when
tyrosinase activity was inhibited by 50%, which suggests that other
substantial factors might enhance melanocyte damage after the
hydroxyl conversion.

3.5. A certain threshold of tyrosinase activity determines melanocyte
fate

Our observation of cell damage only in NHEMs with higher
tyrosinase activity encouraged us to hypothesize that there is a
critical threshold of tyrosinase activity, and consequently in the
ability to produce the highly toxic hydroxyl-rhododendrol
metabolite. Treatment of NHEMs with gradually increased
amounts of tyrosinase-specific siRNA suggested that tyrosinase
activity exceeding a certain threshold level determined melano-
cyte toxicity by producing a minimal amount of the highly toxic
metabolite and that tyrosinase activity above that threshold
harmed NHEMs in a dose-dependent manner (Table 2, Fig. 6).
Those results confirm the existence of a threshold of tyrosinase
activity in NHEMs that determines whether they are tolerant or
sensitive to rhododendrol.

4. Discussion

In order to satisfy the desire of consumers to brighten/lighten
their skin, many active materials have been developed parallel to
the findings of the precise mechanisms involved in regulating
cutaneous pigmentation. Although all brightening materials have
been developed and introduced to provide attractive skin care
products, especially for women all over the world, some
unanticipated events have caused skin problems, including the
induction of white blotching. It is still unclear why only some
people suffer from such skin problems and why diverse symptoms
are present. While the mechanisms underlying the depigmenta-
tion caused by some phenols and catechols, such as hydroquinone,
monobenzyl ether hydroquinone and/or 4-tertiary butyl phenol,
have been investigated in contrast to many other depigmentation-
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Fig. 6. A threshold of tyrosinase activity determines melanocyte tolerance to rhododendrol in a tyrosinase-activity-dependent manner. Melanocytes were treated with gradually
increasing amounts of siRNA specific to tyrosinase, followed by characterization of the relationship between their DOPA oxidase activity and their tolerance to rhododendrol.
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inducible chemicals with a poorly investigated etiology [41-45],
those limited studies encouraged us to hypothesize that tyrosi-
nase-catalyzed metabolites and/or oxidative stress are predomi-
nantly involved in the melanocyte damage that results in the skin
depigmentation. In this study, the results highlight that several
types of NHEMs derived from donors of different ethnic back-
grounds are divided into two groups according to their tolerance/
sensitivity to rhododendrol. Further, the results show that the
cytotoxicity of hydroxyl-rhododendrol catalyzed by tyrosinase
rather than the generation of ROS and oxidative stress is one of the
causes for the reduced melanocyte viability following treatment
with rhododendrol. Although most of their tolerance was
dependent on their lower tyrosinase activity, one NHEM line with
a higher tyrosinase activity was tolerant to rhododendrol. These
findings are strongly considered to be related to one of the causes
of the skin depigmentation following the use of rhododendrol-
containing brightening cosmetics.

One important issue addressed in the current study is how
rhododendrol causes the melanocyte toxicity. Our data demon-
strate that the ICsq value of rhododendrol for melanocyte viability
was dramatically decreased by approximately 50-100 times when
rhododendrol was catalyzed to hydroxyl-rhododendrol by tyrosi-
nase. Conversely, the ICsq value was increased by an approximately
equivalent amount when the expression/activity of tyrosinase was
suppressed, revealing that the conversion of rhododendrol to
hydroxyl-rhododendrol catalyzed by tyrosinase activity at a
certain threshold dominantly causes the cytotoxic effects on
melanocytes. It is important to clarify the criteria that determine
whether melanocytes are tolerant to or sensitive to rhododendrol.
We clearly demonstrate in this study that there is a certain
threshold of tyrosinase activity that allows melanocytes to be
tolerant or not, and this might depend on the mechanism by which
hydroxyl-rhododendrol impairs melanocyte viability. It has been
reported that some phenolic/catecholic compounds induce con-
tact/occupational vitiligo because of their preferential cytotoXicity
to melanocytes, which results in the initiation of apoptosis
characterized by the reorientation of phosphatidylserine in the
plasma membrane, DNA fragmentation and membrane blebbing
[46]. The observation of the membrane blebbing of melanocytes
treated with rhododendrol led us to hypothesize the possible
involvement of apoptosis in the rhododendrol-induced melano-
cyte cytotoxicity for further investigation.

It is also of importance to pursue other possible etiologies
independent of tyrosinase activity for the white blotching of the
skin caused by rhododendrol since one melanocyte line with
higher tyrosinase activity that we tested was tolerant to
rhododendrol. Additionally, we also demonstrated that melano-
cytes could be rescued from the hydroxyl-rhododendrol-induced
cell damage when the expression of tyrosinase was silenced. These
findings led us to consider other possible points of action apart
from the rhododendrol hydroxylation catalyzed by tyrosinase. It
has been suggested that Tyrp1 plays a role in mediating the action
of phenol/catechol derivatives resulting in vitiligo [30,47,48]. An
examination of the possible contribution of Tyrp1 to the induction
of cytotoxicity in rhododendrol-treated melanocytes remains to be
pursued. The contribution of oxidative stress to the rhododendrol-
induced decrease of melanocyte viability may be considered to be
negligible based on the fact that treatment with antioxidants did
not change the cytotoxic action of rhododendrol on melanocytes.
Further, the depigmentation caused by rhododendrol is considered
to be categorized as a chemical leukoderma distinct from contact/
occupational vitiligo, and thus other possible mechanisms need to
be addressed based on the limited information.

Overall, our data strongly suggest that hydroxyl-rhododendrol
catalyzed by tyrosinase causes cytotoxicity in rhododendrol-
sensitive melanocytes and is possibly one of the reasons for the
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skin depigmentation caused by the application of rhododendrol-
containing products. The suppressed conversion of rhododendrol
to its hydroxyl-derivative by inhibiting tyrosinase activity
remarkably reduced its cytotoxicity to melanocytes, indicating
the impact of a metabolite from the original compound whose
cytotoxicity has not been previously considered, on the induction
of depigmentation. Our findings provide new insights for a
fundamental understanding of the mechanism that underlies skin
depigmentation due to the application of brightening/lightening
products. These results will be advantageous for the development
of brightening/lightening materials so that such depigmentation
problems never occur again, especially in the use of cosmetics and/
or quasi-drugs.
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ABSTRACT — Chemically induced depigmentation of the skin, which occurs following exposure (appli-
cation or inhalation) to a depigmenting agent, is a disease with clinical findings similar to vitiligo. Recent-
ly, skin depigmentation possibly resulting from exposure to 4-(4-hydroxyphenyl)-2-butanol (HPB) was
reported in humans. However, the role of HPB as the causative material of this skin depigmentation was
not clear. To evaluate whether HPB has the potential for skin depigmentation, we characterized its effects
on the skin of pigmented guinea pigs. Following exposure to 30% HPB 3 times/day for about 20 days, we
found that obvious skin depigmentation was induced in brown and black guinea pigs. In the depigment-
ed skin, there was a marked reduction in melanin pigment, and decreased numbers of DOPA and S-100
positive epidermal melanocytes were observed histologically. In addition, the depigmentation gradually
recovered spontaneously and the number of melanocytes in the skin also increased after terminating the
application of HPB. Complete re-pigmentation needed 31 to 70 days to return to the original baseline lev-
el. These data indicate that skin depigmentation is induced by the toxicity of HPB to epidermal melano-
cytes, and that the induced skin depigmentation can recover by terminating the application of HPB.

Key words: Depigmentation, 4-(4-hydroxyphenyl)-2-butanol, Melanin, Melanocyte, Guinea pigs, Skin

INTRODUCTION

Depigmentation of the skin has been reported to be
induced by damage to melanocytes in exposed sites,
which then cannot produce melanin pigment following
chemical exposure of the skin. For example, skin dep-
igmentation due to exposure to a skin-bleaching cream
containing hydroquinone (HQ) (Arndt and Fitzpatrick,
1965), occupational depigmentation of the hands caused
by a HQ-containing photographic developer (Frenk and
Loi-Zedda, 1980; Kersey and Stevenson, 1981), occu-
pational depigmentation caused by an o-phenylphenol-
containing microbiocide in a hospital (Kahn, 1970) and
depigmentation of the hands and forearms caused by
4-tert-butylphenol in a factory manufacturing resin (Ebner
etal., 1979; Gebhart et al., 1980) have been reported. Skin
depigmentation was also induced in workers engaged in
the manufacturing process of raspberry ketone (RK, 4-(4-

hydroxyphenyl)-2-butanone) (Fukuda et al., 1998b). In
addition to phenols and catechols, other chemicals, such
as sulthydryls and p-phenylenediamine, have also been
reported to cause skin depigmentation (Boissy and Manga,
2004).

Regarding evaluation methods for chemically induced
depigmentation, some assays using pigmented animals
have been reported. To assess chemically induced depig-
mentation, pigmented guinea pigs are ideal because the
localization of epidermal melanocytes in guinea pig skin
is similar to that of humans. To assess HQ and phenylhy-
droquinone (PHQ) depigmentation, continuous treatment
models using guinea pigs with black skin were reported
(Bleehen et al., 1968; Jimbow et al., 1974; Tayama and
Takahama, 2002). In those models, visual grading of the
skin, the number of dopa-positive epidermal melanocytes
and histological analysis were evaluated. In addition,
the use of pigmented mice to examine the depigmenta-
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tion caused by RK or monobenzyl ether of hydroquinone
(MBEH) was also reported (Fukuda et al., 1998a; Zhu et
al., 2013). However, since melanocytes are not distrib-
uted in the epidermis of normal mice except for the ears
and tail, the endpoints of depigmentation were bleaching
of the ears and tail (Zhu ef al., 2013) or the melanin con-
tent in the hair (Fukuda et a/., 1998a).

4-(4-hydroxyphenyl)-2-butanol (HPB) has been for-
mulated in topical products used by subjects concerned
about pigmented spots on their skin (e.g., chloasma and
ephelides). A recent report (Nishigori et al., 2014) sug-
gested an association of HPB with skin depigmentation.
In this study, we evaluated whether HPB has the potential
to depigment skin. To assess the depigmentation poten-
tial of HPB, we chose the pigmented guinea pig model
described above. However, it was difficult to obtain black
guinea pigs and thus, we also examined brown guinea
pigs, which have a brighter skin color and fewer epider-
mal melanocytes than black guinea pigs.

In previous studies, depigmentation was reported to
occur in about one month. In our study, we also evalu-
ated the time for depigmentation when HPB was applied
3 times a day, which is an excessive experimental condi-
tion that results in a 15-fold higher exposure concentra-
tion than estimated use conditions.

MATERIALS AND METHODS

Chemicals

HPB was prepared by reducing RK with Raney Ni in
EtOH (Carruthers, 1978). The purity was 100%, and the
chemical structure is shown in Fig. 1. Ethanol (EtOH)
as the vehicle was purchased from Wako Pure Chemical
(Osaka, Japan).

Animals
Five female brown guinea pigs (kwl:A-1 strain,

HO

OH

Fig. 1. Chemical structure of 4-(4-hydroxyphenyl)-2-butanol
(HPB).
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7-weeks old), with brown hair and skin, were purchased
from Tokyo Laboratory Animals Science (Tokyo, Japan).
One black guinea pig (JY-4 strain, 1.5 years-old), with
black hair and gray-black skin, was obtained from the
Tokyo Metropolitan Institute of Public Health (Tokyo,
Japan). All animals were housed with free access to stand-
ard food pellets and water. During the experiments, the
animals were cared for in the experimental animal facility
of the Kao Corporation. The Animal Care Committee of
the Kao Corporation approved this study, and all experi-
ments strictly followed the guidelines of that Committee.

Experimental design

The dorsal hairs of both strains of guinea pigs were cut
with electric clippers and were shaved daily. Six dorsal
areas (2 x 2 cm per area) on the back of each animal were
used, as shown schematically in Fig. 2. All HPB solutions
to be tested were prepared in 50% EtOH (ethanol:water =
1:1) daily. Twenty microliter aliquots of each test solution
were applied 3 times per day to the appropriate area on
the back of each animal.

In the brown guinea pigs, we created 6 treatment are-
as. Two treatment areas were exposed to 0.75 J/em? UVB
irradiation with an FL20SE lamp (Toshiba, Tokyo, Japan,
wavelength spectrum 275-380 nm, peak 315 nm) 5 days
before beginning the experiment, and then those 2 areas
were treated with 30% HPB. Two other areas were only
UV-treated. The final 2 areas remained intact with no
treatment of any kind. One area from each pair of 2 are-
as was biopsied at the end of the study, and the other area
was used to evaluate re-pigmentation (Fig. 2). To induce
sufficient depigmentation, HPB was applied for 30, 40,
50, 60 and 97 days. To observe re-pigmentation, the HPB
applications were terminated on days 31, 41, 51, 61 and
98. The re-pigmentation areas were then observed until
the pigmentation returned to the original baseline level.

As for the study with the black guinea pig, a 30% HPB
solution was applied continuously for 21 days to 2 are-
as. To observe re-pigmentation, the HPB application was
stopped at day 22. One of the pair of 2 areas was biopsied
at day 22 and the other was observed until the pigmenta-
tion returned to the baseline level.

Skin color/visual grading

Skin erythema and depigmentation were graded each day
as negligible (-), slight (), moderate (+) or marked (++),
according to a previous report (Tayama and Takahama,
2002). Briefly, skin color similar to the control areas was
defined as negligible, otherwise it was defined as slight,
moderate or marked in accordance with the difference in
color relative to the control area.



617

Re-pigmentation of depigmented skin caused by HPB in guinea pigs

Fig. 2. Schematic representation for the fixed-dose experiment

in brown guinea pigs. a: UV-treated and HPB-applied
area (for biopsy), a’: UV-treated and HPB-applied area
(for recovery observation), b: no treatment area (for
biopsy), b’: no treatment area (for recovery observa-
tion), c: only UV-treated area (for biopsy), ¢’: only
UV-treated area (for recovery observation).

Colorimetric measurements

A tristimulus colorimeter (Chromameter, CR-300,
Minolta, Tokyo, Japan) was used to evaluate brightness
changes of the skin. Color is expressed using the L*a*b*
system (Robertson, 1977). In this study, the L* value
(lightness) was used, and changes in this parameter are
used as an indicator of skin depigmentation (Seitz and
Whitmore, 1988). The L* value was measured in each
application area (automatic averaging 3 times per point).
The mean value of the application area in each animal
was obtained from more than 3 animals.

Histological analysis

Skin samples were taken using a dermapunch (5 mm
diameter, Maruho, Osaka, Japan) from isoflurane (Forene,
Abbott Japan, Tokyo, Japan)-anesthetized guinea pigs.

For split-dopa preparations, 3-(3,4-dihydroxyphenyl)-
L-alanine (L-DOPA, Wako Pure Chemicals) was dis-
solved in phosphate buffered saline and split-tissue sam-
ples were prepared according to the method described in
Staricco and Pinkus (1957). The number of whole dopa-
positive melanocytes in each sample was counted using a
light microscope (Biophoto or Optiphot-2, Nikon, Tokyo,
Japan) and cell numbers were calculated per square mm.

For paraffin-embedded sections, the skin samples
were fixed overnight in neutral-buffered 10% formalin

(Kokusan Chemical, Tokyo, Japan) and were then embed-
ded in paraffin (Fisher Scientific, Pittsburgh, PA, USA).
Paraffin-embedded sections of vertical skin samples were
prepared in two ways: one involved histopathological
examination using Hematoxylin and Eosin (HE, Muto
Pure Chemical, Tokyo, Japan) and Fontana-Masson (FM)
staining as a marker for melanin granules; and the other
involved the immunohistochemical examination of S-100
protein (polyclonal antibody, Code No. z0311; Dako Co.,
Glostrup, Denmark) as a marker for melanocytes in the
epidermis. The primary antibody for S-100 was diluted at
aratio of 1:2,400 and was reacted for 50 min at room tem-
perature after the specimen was treated with 3% H,0O, for
90 min at 55°C. Sections from both groups were stained
with FM and S-100, and were counterstained using
Kernechtrot solution (Merck, Darmstadt, Germany) and
hematoxylin, respectively.

Statistics

Significance of differences was calculated by Student’s
t-test (Microsoft Excel). A p-value of < 0.01 is considered
statistically significant.

RESULTS

Induction and recovery of depigmentation
caused by HPB

To ascertain whether HPB has a depigmenting activity
on melanocytes, a 30% solution of HPB was applied top-
ically to brown and black guinea pigs continuously for up
to a maximum of 97 days. A slight depigmentation (£) at
the HPB-treated sites appeared on day 9 in 4 guinea pigs
and was found in all 5 guinea pigs by day 10 (Table 1).
With further treatment, the depigmentation gradual-
ly increased. The appearance of marked depigmentation
(++) was observed between 17 to 21 days of treatment
(Table 1). After the treatment of HPB was discontinued,
the depigmentation disappeared over time. The re-pig-
mentation took 31 to 52 days from the day of HPB with-
drawal to reach the same level as untreated skin (Table
1). Representative examples of baseline, depigmentation
and re-pigmentation are shown in Fig. 3C through E. As
for colorimetric measurements, the L* value (skin bright-
ness) significantly increased at sites pre-treated with UV
and then treated with HPB compared with the only UV-
treated areas on days 14 and 21 (Fig. 3A). In addition,
the L* values in HPB + UV-treated areas also increased
compared to untreated skin on days 28 and 35. Contin-
uous treatment with HPB sustained this augmentation
(Fig. 3A). No skin erythema was induced in any of the
animals (data not shown).
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Table 1. Depigmentation by HPB application and repigmentation in guinea pigs

Application time /

St e HPB toita] appfication Day of first . Day of first Day' to comp}etc
; No. : appearance of slight appearance of marked  repigmentation
i eolor CRHERRIALON uumber depigmentation () depigmentation (++) post PHB withdrawal
(3 times per day) P& PIg P
1 30% 30 days/90 9 20 32
2 30% 40 days/120 9 17 35
3:103?) 3 30% 50 days/150 9 20 41
4 30% 60 days/180 10 21 31
5 30% 97 days/291 9 17 44
Black 0
(N=1) 1 30% 21 days/63 5 19 70
A
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Fig. 3. Changes of skin brightness caused by HPB. (A) L*values of 3 dorsal areas in brown guinea pigs. Values are shown as
means + S.D. (Day 0-28, n = 5; Day 35, n = 4; Day 42-49, n = 3). (B) Time course of L*values for skin treated with 30%
HPB and untreated skin of the black guinea pig. HPB was withdrawn on day 21. Representative photographs of dorsal skin
from a brown (C-E) and a black (F-H) guinea pig. (C) UV-treated skin; (F) Untreated skin; (D, G) Depigmented skin; (E, H)
Repigmented skin. ** p < 0.01 (HPB+UV-treated vs only UV-treated), { p < 0.01 (HPB+UV-treated vs untreated).

In the black guinea pig model, a slight depigmentation
() of the sites treated with 30% HPB was first observed
on day 5 and a marked depigmentation (++) was observed
on day 19 (Table 1). It took 70 days for re-pigmentation
to return to the same level as untreated skin after the treat-

Vol. 39 No. 4

ment of HPB was discontinued (Table 1, Fig. 3F-H). As
for the colorimetric measurements, the L*value increased
up to day 21 post-withdrawal of HPB, after which this
value decreased gradually to the baseline level (Table 1,
Fig. 3B). Visual grading followed a pattern similar to the
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Table 2. The number of dopa-positive melanocyte cells in split-epidermis

The number of dopa-positive

Guinea pig Day Depigmentation grade Treatment melanocytes per mm?
0 . uv 99
41 - None 14
Brown
(No. 2) H ) oV ¥
41 ++ UV+HPB 0.66
UV +HPB
78 ) (withdrawn on day 40) 31
0 - None 90
Black 22 ++ HPB 22
HPB
2 ) (withdrawn on day 21) 24

L* value, which indicated that the application of HPB
induced the skin depigmentation and that withdrawal of
HPB resulted in re-pigmentation.

Quantification of dopa-positive melanocytes in
the epidermis

Table 2 shows the representative number of dopa-pos-
itive melanocytes. In brown guinea pigs, the number of
dopa-positive melanocytes per square mm was 99 in the
only UV-treated site on day 0. The numbers of dopa-posi-
tive melanocytes decreased to 49, 14 and 0.66 in the only
UV-treated, untreated and UV + HPB-treated depigment-
ed skin on day 41, respectively. The number of dopa-pos-
itive melanocytes (0.66) in the UV + HPB-treated area
was largely eliminated on day 41, although the number
of dopa-positive melanocytes in the only UV-treated area
was reduced by about 50%. Moreover, dopa-positive cells
in the UV + HPB-treated area were clearly fewer than in
the untreated site. The number of dopa-positive melano-
cytes per square mm was 31 in the UV + HPB-treat-
ed area on day 78 post-withdrawal of HPB and when the
depigmentation had disappeared; which was more than
the untreated site. Taken together, these results suggest
that the number of dopa-positive melanocytes was mark-
edly decreased and then increased along with the depig-
mentation caused by HPB and the subsequent re-pigmen-
tation.

In the black guinea pig, the number of dopa-positive
melanocytes per square mm was 90 on the day before
the beginning of the experiment and decreased to 2.2
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after treatment with HPB for 22 days (Table 2). Howev-
er, the number of dopa-positive melanocytes increased to
24 after 69 days post-withdrawal of HPB. Thus, dopa-
positive melanocytes were markedly decreased and then
increased with the application or the removal of HPB,
respectively, just as occurred in the brown guinea pigs.

Localization of melanocytes and melanin

The immunohistochemical localization of melanocytes
and melanin content in brown guinea pigs and the black
guinea pig (vertical sections) are shown in Figs. 4 and 5,
respectively. The number of S-100 positive melano-
cytes in the basal layer and the quantity of melanin gran-
ules in the epidermis decreased in the HPB-treated depig-
mented skin in comparison with the only UV-treated and
untreated skin (Figs. 4A, B, D, E and Figs. 5A, B, D, E).
Melanocytes and melanin granules were almost undetect-
able in brown guinea pig skin (Figs. 4B, E). On the other
hand, when re-pigmentation was achieved, melanocytes
in the basal layer and melanin granules in the epidermis
were recovered (Figs. 4C, F and Figs. 5C, F).

Effect on keratinocytes

Topical application of HPB marginally induced epider-
mal thickening in brown and black guinea pigs (Figs. 4G-I
and Figs. 5G-I). However, marked inflammatory mononu-
clear cell infiltration was not observed in the HPB-treated
skin. HPB-treated skin and untreated skin had almost the
same number of keratinocyte layers, but different sizes of
keratinocytes. Epidermal thickening returned to normal

Vol. 39 No. 4



620

Y. Kuroda et al.

Fig. 4.

Localization of melanocytes and melanin granules in the epidermis of brown guinea pigs. (A-C) Fontana-Masson silver

stain, (D-F) immunohistochemical staining for S-100, (G-I) hematoxylin and eosin stains. Vertical paraffin sections were
prepared from only UV-treated skin on day 41 (A, D, G), from UV+HPB-treated skin on day 41 (B, E, H), and from HPB-
withdrawn skin after UV+HPB-treatment on day 78 (C, F, I) of brown guinea pigs. Brown and black dots indicate melanin
granules (A-C, G-I). Black arrowheads indicate S-100 positive melanocytes (D, F). Original magnification x 20.

on day 78, when re-pigmentation was observed.
DISCUSSION

The present study shows that the frequent continuous
topical application (3 times per day) of a high concentra-
tion (30%) of HPB to the backs of brown and black guin-
ea pigs induces significant and patchy skin depigmenta-
tion. This was caused by the reduction of dopa-positive
and S-100-positive epidermal melanocytes as well as
a decrease in the amount of melanin granules. Howev-
er, these epidermal changes spontaneously recover after
withdrawing the application of HPB. The results in brown
guinea pigs were similar to those in the black guinea pig.

These results are similar to previous reports where
1-5% 4-isopropylcatechol induced a potent skin depig-

Vol. 39 No. 4

mentation of the ear and dorsal skin of black guinea pigs
(Bleehen ef al., 1968), or where topical application of 2%
or 5% HQ to the skin induced a more potent depigmenta-
tion in black guinea pigs (Jimbow et al., 1974) or where
5% PHQ induced more skin depigmentation on the backs
of JY-4 black guinea pigs (Tayama and Takahama, 2002).
For the chemicals reported in the literature, a concentra-
tion of 1-5% was reported to induce potent skin depig-
mentation by application once per day. Yet, for HPB, obvi-
ous skin depigmentation could not be achieved unless a
30% concentration was topically applied 3 times per day.
On the other hand, a 10% concentration of HPB topical-
ly applied 1 time per day did not induce skin depigmen-
tation compared to baseline skin levels (data not shown).
Skin depigmentation caused by the toxicity of epider-
mal melanocytes is a common phenomenon among these
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Fig. 5.

Localization of melanocytes and melanin granules in the epidermis of a black guinea pig. (A-C) Fontana-Masson silver

stain, (D-F) immunohistochemical staining for S-100, (G-I) hematoxylin and eosin stain. Vertical paraffin sections were
prepared from untreated skin (A, D, G), from HPB-treated skin on day 22 (B, E, H) and from HPB-withdrawn skin after
HPB-treatment on day 92 (C, F, I) of a black guinea pig. Brown and black dots indicate melanin granules (A-C, G-I). Black
arrowheads indicate S-100 positive melanocytes (D, F). Original magnification x 20.

reports and our findings. Alkyl phenols, such as monoben-
zyl ether of hydroquinone (MBEH), monomethyl ether of
hydroquinone, p-tertiary amyl phenol and p-tertiary-butyl
catechol, have potent depigmenting capacities (Gellin et
al., 1979). Common chemical features of those structures
are the hydroxyl group that could bind at the 4 (or para)
position and the non-polar side chains at position 1 of the
aromatic ring (Bleehen ef al., 1968). HPB (Fig. 1) has a
similar feature among the alkyl phenols mentioned, how-
ever, HPB differs by not having non-polar side chains.
HPB is similar in chemical structure to RK, in which
3 cases of occupational leukoderma have been reported
in chemical factory workers (Fukuda et al., 1998b). Two
mechanisms have been suggested for the RK-induced
depigmentation: toxicity to melanocytes and inhibition
of melanogenesis (Fukuda et al., 1998c; Lin et al., 2011).
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Fukuda et al. (1998c) reported that the 50% growth inhi-
bition concentration of B16 melanoma cells by RK was
0.13 mM, but that a 1 mM RK solution enhanced the
tyrosine hydroxylase activity of B16 cells. On the other
hand, Lin et al. (2011) reported that 0.6 mM RK did not
show any cytotoxicity although it strongly inhibited mela-
nogenesis in B16 cells. The mechanisms involved remain
controversial.

Besides the changes elicited in melanocytes, an effect
of HPB on keratinocytes was also observed. An epider-
mal thickening was observed in our study and was simi-
larly reported with other depigmentation reagents (Gellin
et al., 1979; Jimbow et al., 1974; Tayama and Takahama,
2002). Taken together, we suggest that the HPB-induced
depigmentation occurs via selective melanocyte toxicity.

These chemicals also have a structural similarity to

Vol. 39 No. 4
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tyrosine and may have a competitive inhibition effect with
tyrosinase (Denton ef al.,, 1952). Riley (1969a, 1969b,
1970, 1971 and 1975) suggested that these chemicals are
incorporated into melanogenic cells and form semiqui-
none free radicals, which lead to the destruction of the
lipoprotein membrane, and thus cause melanocyte death.
In addition, HPB may be metabolized by tyrosinase. In
fact MBEH can be metabolized to a quinone form and
can generate cytotoxic reactive oxygen species (van den
Boorn et al., 2011). Hariharan et al. (2010) showed that
4-tertiary butyl phenol induces apoptosis. In contrast,
MBEH induces not the apoptotic but the necrotic path-
way leading to melanocyte death. If HPB was to induce
melanocyte necrosis, an inflammatory reaction would
have been observed. In the present study, we could not
detect a marked increase in inflammatory monocytic cells
even when a high concentration of 30% HPB was con-
tinuously applied. Thus, we hypothesize that HPB induc-
es melanocyte apoptosis. However, further studies will be
required to reveal the detailed mechanism(s) involved.

Our results demonstrate that epidermal melanocytes in
the basal layer are selectively disrupted. We also found
that the depigmented skin gradually re-pigments because
dermal melanocytes in the basal layer re-emerge without
any treatment. Speculation regarding the mechanism(s)
underlying the re-emergence of epidermal melanocytes
leads to 2 possible explanations. First, this phenomenon
might be attributed to the migration and differentiation
of melanocyte stem cells (McSCs). McSCs in the bulge
or secondary hair germ can be a reservoir, not only for
follicular melanocytes required for cyclic hair pigmenta-
tion but also for epidermal re-pigmentation (Nishimura,
2011). The second possible explanation is that surround-
ing epidermal melanocytes might migrate to depigment-
ed sites. The former mechanism is likely since the migra-
tion of McSCs from the bulge or secondary hair germ to
the epidermis is enhanced by UV-B irradiation (Chou et
al., 2013).

In conclusion, we demonstrate that HPB has a dep-
igmenting activity via its selective toxicity to epidermal
melanocytes not only in black guinea pigs but also in
brown guinea pigs. We further show that this depigmen-
tation is reversible.
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Skin-lightening agents such as kojic acid, arbutin, ellagic
acid, lucinol and 5,5’-dipropylbiphenyl-2,2’-diol are used
in ‘anti-ageing’ cosmetics. Cases of allergic contact
dermatitis caused by these skin-lightening agents have
been reported (1, 2). Vitamin C and its derivatives have
also been used in cosmetics as skin-lightening agents for a
long time. Vitamin C in topical agents is poorly absorbed
through the skin, and is easily oxidized after percutaneous
absorption. Recently, ascorbic acid derivatives have been
developed with enhanced properties. The ascorbic acid
derivative 3-o0-ethyl-L-ascorbic acid (CAS no. 86404-04-
8, molecular weight 204.18; Fig. 1), also known as
vitamin C ethyl, is chemically stable and is more easily
absorbed through the skin than the other vitamin C
derivatives. Moreover, 3-o0-ethyl-L-ascorbic acid has skin-
lightening properties. Here, we report a case of allergic
contact dermatitis caused by a skin-lightening lotion
containing 3-o-ethyl-L-ascorbic acid.

Case Report

A 49-year-old female presented with a 6-month history
of periocular erythema and perioral swelling. She had
applied a skin-lightening lotion to the face every summer
for the past 6 years. In the previous summer, an itchy
erythematous rash appeared on her face. She stopped
using the lotion, and consulted a dermatologist. She
received a 3-day course of mequitazine (6 mg daily),
betamethasone (1 mg daily), and teprenone (150mg
daily), as well as topical corticosteriod ointments
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Molecular formula: CsH .06
Molecular weight: 204.18
CAS no. : 86404-04-8

Fig. 1. Chemical formula of 3-0-ethyl-1-ascorbic acid (vitamin C
ethyl).

(prednisolone acetate for the periocular skin lesion, and
hydrocortisone butyrate for the face).

We performed patch tests with the patient’s personal
cosmetics and cosmetic allergens at our hospital outpa-
tient clinic. Finn Chambers® (Smart Practice, Phoenix,
AZ, USA) mounted on Scanpor® tape (Norgesplaster AS,
Vennesla, Norway) were applied to the upper back for
2 days, and the reactions were read on D2, D3 and D7
according to International Contact Dermatitis Research
Group criteria. A positive reaction to the skin-lightening
lotion (neat) was observed (D3, +; D7, +), and the
repeated open application test (ROAT) resulted in an
itchy erythema. A second patch test with the skin lotion
ingredients was performed, and gave positive reactions to
3-o0-ethyl-L-ascorbic acid in 5% pet. (D3, +; D7, +), 1%
pet. (D3, +; D7, +), 0.5% pet. (D3, +; D7, +), 0.1% pet.
(D3, +; D7, +), and 0.05% pet. (D3, +; D7, +), but not
in 0.01% pet. From the patch test findings, the patient
was diagnosed with allergic contact dermatitis caused by
3-0-ethyl-L-ascorbic acid. The minimum positive concen-
tration of 3-o-ethyl-L-ascorbic acid was 0.05% pet. We
examined ascorbyl tetraisopalmitate (CAS no. 183476-
82-6) 1% pet. and magnesium ascorbyl phosphate (CAS
no. 114040-31-2) 1% pet. as vitamin C derivatives. We
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performed patch test using the same substances on the
inner side of the upper arms of three healthy controls.
They showed negative reactions.

Discussion

Vitamin C and its derivatives have been deemed to
be safe for use in cosmetics. The Cosmetic Ingredient
Review reported that 1-ascorbic acid, calcium ascorbate,
magnesium ascorbyl phosphate, sodium ascorbate and
sodium ascorbyl phosphate are safe for use in cosmetic
products (3). Despite the cosmetic safety of vitamin C
derivatives such as magnesium r-ascorbyl 2-phosphate
and ascorbic acid 2-glucoside, they lack antioxidant
properties, and rapidly lose their effectiveness. New
vitamin C derivatives have been produced with enhanced
stability. 3-o0-Ethyl-L-ascorbic acid is a new vitamin C
derivative that is more stable, with preservation of
its vitamin C activity (4), and is currently used in
cosmetics as a skin-lightening agent. Cases of allergic

References

Contact Dermatitis « Contact Points

ACD CITRAL e DE MOZZI & JOHNSTON

contact dermatitis caused by L-ascorbic acid-containing
and ascorbyl tetraisopalmitate-containing creams have
been reported (5, 6), as have cases of delayed-type allergy
caused by oral ingestion of vitamin C (7), but allergic
contact dermatitis caused by 3-o-ethyl-r-ascorbic acid
has not been reported to date.

In this report, we describe a case of allergic contact
dermatitis caused by a skin-lightening lotion containing
3-0-ethyl-L-ascorbic acid. The maximum concentration
of 3-0-ethyl-L-ascorbic acid in the skin lotion is 2%. The
patient had a positive patch test reaction to the skin
lotion, and an itchy erythema and papules appeared at the
ROAT application site. Patch testing with the ingredients
of the skin lotion indicated that 3-0-ethyl-L-ascorbic acid
was the causative allergen. Different concentrations (5%,
1%, 0.5%, 0.1%, 0.05%, and 0.01%) of the allergen
in pet. were patch tested, and showed the minimum
positive concentration to be 0.05% pet. To the best of our
knowledge, our case is the first reported case of contact
dermatitis caused by 3-o-ethyl-L-ascorbic acid.

1

Nakagawa M, Kawai K, Kawai K. Contact
allergy to kojic acid in skin care products.
Contact Dermatitis 1995: 32:9-13.
Suzuki K, Yagami A, Matsunaga K. Allergic
contact dermatitis caused by a
skin-lightening agent,
5,5'-dipropylbiphenyl-2,2’-diol. Contact
Dermatitis 2012: 66: 51-52.

Cosmetic Ingredient Review Expert Panel.
Final report of the safety assessment of
L-ascorbic acid, calcium ascorbate,

magnesium ascorbate, magnesium ascorbyl
phosphate, sodium ascorbate, and sodium
ascorbyl phosphate as used in cosmetics. Int
J Toxicol 2005: 24 (Suppl. 2): 51-111.

4 MaedaXk, Inoue Y, Nishikawa H, Miki S,

Urusibata O, Miki T, Hatao M. Involvement
of melanin monomers in the skin persistent
UVA-pigmentation and effectiveness of
vitamin C ethyl on UVA-pigmentation. J Jpn
Cosmet Sci Soc 2003: 27:257-267 (in
Japanese).

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
Contact Dermatitis, 70, 376-388

129

5 Inge S, Goossens A. Allergic contact

dermatitis caused by ascorbyl

tetraisopalmitate. Contact Dermatitis 2011:

64:237-244.

Belhadajali H, Giordano-Labadie F, Bazex J.

Contact dermatitis from vitamin Cin a

cosmetic anti-aging cream. Contact

Dermatitis 2001: 45: 317.

7 Metz], Hundertmark U, Pevny I. Vitamin C
allergy of the delayed type. Contact
Dermatitis 1980: 6: 172-174.

=)}

377



EMOTUVNE =Dy 7 A 13

HEOTLIVEF—D N v 7 R

Topics of immediate allergy in dermatology

KLk &FU. Wk fEHFY

25
I OT LIV F =ik, T Vv F e JERHE, R %, BERT L LF—, T Y-
PR R 45, SR EEMWIT b5, HAED MYy 7 28 LT, firic & T 2k it o 2
FHIDL BEYE - RIS L 0B SN URETLLE =" PRI LRAS AT
D U CABIZE D FERS IR T LV F—OEFHE 2o TE AART LILF—
Gz TALRES P D 5 2287 MR O T B4 E R & (FRE BN dE K
BER RV ERE AR ] TR S Mo IR SRS ABR IS oW TR L FRA S AY
K@mwa&ﬁ%hLﬁﬁfbw¢~@UA7bowaﬁméo

F—— K EBERTLILE - BREBE IKSMBILF, NETUILY - EERE

WLz 7749 F =@ shbsl Eaft
Bl HANEFED A@VEETH b 3R
BEOT7T LIVE—d, %7 LovF—  JERE, fw&#otuﬁ%*m%ﬁm&ﬁ®7vw¥w

EU&HIZ

PRz g8, BRI T LVF—, T PE-MREN REMTULLF L RECALLUTHo Tz B
%o BIBREEWISh L, SHEO My 2 AL B 2O (IH) %O L"&(Eﬁ@iki DS
LT 8 Rl 7267574 7%~ RIS T7 LV F— 13 @8] TRHGHE D, FaM
Vav sl F L, FOREIHBETLR MU EDERoTwh,

EwHy 7 L= ftEI L, TABICE TR AT RO L3 CHIRIC S D B S il

ARG IHANE RN X BAERE - RIS X D EF W7 LT -0 HEL T > CEL, BART
FENINET LLF =" PEFohE, IhE UV E -8 TRl 0 & 2o o ks i o
TOHFMT LV —04 2—Vid, "RRYWE  L&WIly 280N ERES (REE © RE R
AU IS S D RIMERGYS" 2 R AR REER R ARl ) TRt Es L
IR L EMREYI L 525 0FERES FlREECARERBIZOW TS L, K4 2HHED
IR Tdholze Lol ZORBIE B AL TYERGIOEC T LLF—D I R
WHRRICEEN2MASBIALAFETH LM 12D TR0,
6T, % DRERDVNEBEIRIC IR AYE BB, BAREICBY AR HEAT LV F—%
ZOUTOY 2744 MBS T, Znb
, DERRBAEF SN TVEOTIBBELW
Akiko Yagami'', Kayoko Matsunaga’
A 2 47 2 (20144 4 FIE ) http://www.jsaweb.jp/moduled/

(Department of Dermatology. Fujita Health University
School of Medicine)

degege 8%

news_topics/index

130




14 R & 3245 Vold6, No.2, 2014

E B ® Z
W RCREBTIERE (1) &7 T REEMIE2163

(B) ROLF AR L L BITH o Tz PERITIX, 207480 (95.9%).

MEE ZoMARIWH2LAERTHS "IV B 89 (41%) #olz, EHIZ 1R (BR)
78— )V19S" 1320044 3 A 5201046 9 H26H £ 25938 (Ktk). F¥ 458 T, % < 13201
TICEEs N () Ko L3 <aER (BT, PHOORDOLM o7z, F72, BEEEOIENR
KROLELAMESR—)" CEFENTEBY., & BEABMEARIE, BHES v 7T3176, K
DI NII—= 19SS % EH L kB A RIS 465077 8 WCHRIRERI27HY, KRBT - ALigE12560, 855 6
TEAHE 4667 7 T ACBFRENEnwH T & lif%'ﬁllofﬁUﬂot‘q 2F Y, KEHBOEHE
FHLNIZENT WS, TNSOBFHEHEERED IEFIICZETH D . RENLRREN 2 FERIC
THRITAR G ORFAEEN ThH - 22720 RS ﬁabéut#yuﬁﬁﬁﬁt T, T2, RO
HIEMNNBETHoTe TOAEILLTFHET L BEOEE L AR BEMEIL S A REIEFBE L <
& BRARBEDOHIONI L ADZORBEHH Wi,
LizEvwvsg C Lt b,

R L ERPRAEAR (3

T e N
AA7LLX 22 HOBERDS 2 /YT m i Lo BN R0 7

mAABpORSMIET sRBERS] T e

n )
BRREMNR B EREERTH o7z (B1). REBIEBIERD
20124F 3 A X D MA=FIAE L. 20144 4 20 H MNEREFREHFERET 7147 F ¥ —

K1 FOLTCERECEENLMKSEILF (FI/X=I198) ICLZERFENET LILE ~ 0) HTEE
R RDE TR BIDOR LSBT S5 EE M 201110.11)

[REEH]
LUTFD1, 2, 329 _Tatvd.

1. MKABRALE (T INN—IL19S) 2 SHITHEDOLIKERELFEALEIEAH S,

2. UFD35405EL—DDEERER A H T,

2N MKABILE (FIR—L19S)2ERTHRDOLF<ERZAERALTHNEASI0LRNIC, F#&, B
BRiRAE, & WL AHBRLEL,

2-2)NEHKENMRIBHLURNICES, WE, RIEE &+, WFIREH, 0, B, BE TH DEETR

EDEBERNTT=,

SLUTORETOIKEL—D2BUETRTUEESE).

3-1)T 18— IL19S 0.1%BH, HAHWLE, FhIUBONBETTIVITFRADBHEETRT .

3-2) Kyb7owk, EUSA, DR TV EEDRERNAEIZEY ME DT ILS—IL19SIZHTEIRE

HIgER KN EE T HIEZIATES,

3-3) T W= L1 9SERRELIFRE B LB BETH D,

COMRDEIA

[BEETELHH#]
4.5 )Li—)L19S 0.1%FHTT ) o T ANEE [EEL V)

1, 2&BI-ITABERBELVBE (FBRVHIELD,
* 121201, 28 %I ABEBIEUVRETY, MBERENGEREEREOT)VITFRAMCALFELET LT |
VTR T BBENEBSN, N OwsTUTIUICHT HBEEALVD, ALXB IV LTI T HBBAES
YBELBAZEEEDNABIELTERLY,

(56)

131



EHOTLLVF—D Yy 7R 15
$
[BEDEXRE) (@ RGHEIC (%)
R LYBREN ERSLY vm&om:mumunuzbl
DEIROBN BRENDE RO O
oS &
v/ D y N
'l\!ﬂ&ﬁ!sl!:l(: UL 2L 0
l.l!.ﬂ».n » T
1R SRR R (- A N
Yo les
RARBROEIRGL au IR
/
BrOBEMNEDELSL
BiRE-EDOMNE
BN BIREH
HETHD,
H1 [FOUTL] AREREDEMBRES - N\ ET7LLX-DBREERIIBZITH 5,

(FDEIA) & BT % 5A % s, AEHEREIC
Bodlighd L RS2 Lk CTHIEIRDHESR S
N2 MEHDFDEIAL KE S RAEDHTH -7

VB L NI E N ENERASE R S
1IEBIA S B —F . VREARE DAEIRIE 2 < /NI
BOMEIRDEFFESNTAERD B V. £ OEKIE
WIZZETH -7
EHHCRELS NS, BICERBEN TS %
. AROBEMIBLLOFER &N EBEZOT LV
F—FEIR D} DFEIRAD - 7= IEBN367 %, BEsd
HOIERIT L /D EBREEIZT UV F—IERD D
1230% T\ 97 % DIEBNT/NEBFEIZT LIV F—
FEIR & F0E L T ize AR OREIRE LT,
IO ENLCRBEIR D Tz (A
2)o FRFICHRINDEHERELT.TT 71
FF¥v—Ta v 7idds%. ¥a v ZERIEROY
PO R - MR R T % A C2dEB27 % & D
BEITR2% TS 74 7F V—EREREIL T
20 TFH 74 9%y —LNOERE - ROEN -
B - Bk - FELLR EI345% TA LNz, ERID

(57)

H2 456004 RO

R EEBRE OREARD e dr o 772D NI
DT+ 74 7F 7 —FEREHEDEL, BRI
A REENTOER D Ho e — T
6 HIFLRE DI BT TEBRRE I HRIR O REAR,  FEERIS
FERDHIE SN TP RHEE, > a9 v 7R
ELZLIERNZ Dotz 2F D, BRERICE
g A2ORTIIEELRT 714 7% ¥ —ERIFH
BENT. PMERER[E UTROMICERL 20k
EHMIERIIFRINDICEL RV LIRS
iz,

WA EAE > -Dh

TR, AT 7 7 RERPEB L2 LT Tk

132



16 KR & 3EF Vold6, No2, 2014

S
HREORBERDTF
AIHTHD P G | Fri—naesicHT S
o AR LA E . ggmp | FL—ss R AT
ggg;ﬁ | gﬁffmg] IREEE_ NN S ﬁéi““““* T AEEAR~ORERE
. — — BOM=>7+243%FY—
H3 AERBOHREEE
DD LF" R MKGHRaT—F Y nEEL 208) ] ARSI -HL Tw, I
D MKDIREY BEESH TS, kB %@E#@W%@TV»* T 3EHE L 72 IR % A
Eid MNER EORBOEHEEH £ BRCR. 45 L, 200512 1 B, 2006442 6 . 20074F
TIH)THE - IML LA T, THs DM 1z 8 B, 20085130:36% 20095ﬁ 125240, 2010442
EMTIEICE DV REBESHRAEIEL 2B L WE73FAFIE L Tz L Lad s, EFED
h, EL DK ABREZECEET LTS, JEEBO2011FFEHE L 72 E 0 S 5861, 20124842
AHEBORRYHGZ, (B) o LT AR L2POEFLEHY, ARAFDOLHICTY M
Ao TOWZMKGIRILF TH DT A= 119S  L—7 L7ZERIIDWTIE, BEHE0AE LT,

(UMb TEMET) THEI PSS
NTWa, TNEERKRDZ VT U hbBEehfz
MA. MADEH E L CATIIAED hShzd
HTHs (B3), AMMEHEVGHREELRLET
AL EICE D BEBIESHI LIz ST
VB

AfgEHERIC, DUCRIRANICERL L
DPOREL O

AAFIE, 200445 3 B2 620104 9 H26H £ T
IR S8, EERBETHEMNL LTE
GRS NERNOABERRBELZRELLE S
AL 20044E1F 3 72 o 7278, 20054122260, 2006
FE290, 20074F 34450 & i 4 (2300 L . 2008464151,
20094E6001 & ¥ — 2127 b, 20104334, 20114
1BE > Tz, F72, EFOE L I1X20104E 8
LO201ECAHAMOERZRIELTEBY, Thb
BEASHE EEAMBEREMNERILO [
A%M%‘M%% 35 EENG - LRI
EHEMT LIV F—DRIEITDWT (2010410
)EJISH)J\;}BJ:U‘ (2 2 PRy &R Rk 5
OLTA] OFEEIUIDWT (2011465 H

133

B & OB O BB IEEE) % 8
DBULENDH 7L B L7,

I NS ER L2 Ao T, 10 %D
% {2300, 2018 A226172 - 120 |4 1. ®EZT70
T CFIHIZI56ME o720 2D £ DRERITY
AR BB LBICBE L Tn e, 1
DERTHIE LRENPH S Z LITHEEHTRE
EEZ D, T2 1 oMM, 1H1EI
7460, 2 E11460, 3 E13H1. 4 W45 TEHLT
W TdHolze AHHEDIZE A LIIVEICHEH
LTwizds, BEEZTOMAE64%, 3E i

CEHEEIE 2%, BB FIR1%E o7

ERIHE

IR, WAy 2 i
FER  ATRE A
FHF ABOTFI4TF V-

BEAEE  TERE

R R 3EM. ZoLFLameEdE Lz,
FERAHOARBREDTF 74 5 F 3 —ERko
olmE VEMIZ ARG LY & —ICiE s T
Wh, Z09 5 20T, EREOBIIFREINT

EFlZHE S 5.



BEMOTLIVE—D Iy 2 R

17

X4 RBAEREOBREER (FHEHDRER)

Who ZDH, PEBAATRRAL %\ BRI OFE A A
B¥aL5i1cho/ (B4),

EFHmARR (20104 H) ¢

MU AR ARAE © JEAE SRIgEHUA3I8IU/ml. I A F
Y RIgEHAM 241 (252 2) UA/ml. VT
A RIgEYURfE 405 (29X 3) UA/ml, w-7
)7 Y YR RIgERURMBE S, 7 Vo8 — W 19SKF
®IgE1155Unit

EETFAL (FY)y 2 FAN)  asXEt. 7
W 28—V 19S kg

MeERWT © BRARAE X URERE L D, AER
EHESERSIT L 720

ol BERBIAE Q01444 H) b/AAKOEE
ZHIBWLUARL TS, 2014 FE2 HOR B TO
RARS R, JRAFRIgENR307IU/ml, 2 & F4F
RIgEHuAME 059 (¥ 5A1) UA/ml. 75~
$RIgEHME 067 (275X 1) UA/ml. w-7Y)
TV A RIgEARMRRY. 7 /38— L 19SHE R
1gE31.0Unit Td %, /MEOFE % 8 17 tUTFER
WHERSINTIEETE TS D, S#HidhED
FMAFLL T,

TIWIN— 9SS DMK I EI LX &S
B 2EMHMIEIRED?

TWos—W19SHiEH SO LY { ARkLL

(59)

E & B F
HoOBE CHBYS) THLRRONET LIVF—IE
Blbd b LD 78— V19SEA O Nk 5
MaLXEER LARHTIET UVF -8
DFEBUTFTEAE L 7c & V) i id v, Ko T
Ao AX 2 GLZOMORE F THATERT
HHEWETHILIITERVA, HLEIRT
EDMMORFBTHIRZ HuHEED BETE BV,
WNET VNF— LBM S NIRRT OV TR, £
DDA 2 A FEFRGHOMEANIONWTH
BAHEIWELTVD, '

- AP

AT, "EHOT7TLLIF—D Py 7R
ELT, MK AFRICE D B - BB
WCRHES NN ET LV F -2k _7 B, 1L
PEan R0 IR CEAEREM) (2B1) 5 Bkl
FERT DALBE GRS DRI 7 UV F — BRI AR
HEHICIZA-TES T, REMELHERS 5 TR
DR OB & TR EB BT & 5
AERRERMICILEST 2 VAT AOMEIEH
EWVZ Do Gtk FARMLEY MAD L, (LB
MOREWIHERIND ZEE2MFLAV,

3CHR

1) BKERT  fbbEdidRED ? - KSR
AXKEFARICEDILXT LT —II%
A —. Aesthetic Dermatology 22 (3) : 163
—168, 2012.

&K EATF, KRBT koMo AFER
ARICE 22 LAFTULVEF—DRELHEN
BEE TLULE—- RE 20 (2) 1224~
232, 2013

2)

134



