Method. The test drugs were applied to one site on both
upper arms and to two sites on both forearms (total of six
application sites) twice daily (morning and after bathing in the
evening) for 3 weeks,

Evaluation. Subjects were asked to rate objective symptoms
(scaling, erythema, papules and edema) and subjective symp-
toms (soreness, heat and itchiness) on a scale of 0-3 (3,
severe; 2, moderate; 1, mild; and 0, none). They were also
asked to record the presence of any other symptoms. When
the symptom score was either 1 or 2, they were required to
send pictures of the cutaneous symptoms to the observer and
they were provided instructions regarding continuation of the
test and treatment. We instructed the participants to stop the
test prior to assessment by the observer if the symptom score
was more than 2 or if they suffered another adverse event. In
addition, the observer or test administrator inspected the
participant’s arm when the test was finished.

Statistical analysis

The irritation scores between study 1 and study 2 at 2 and
24 h after patch removal, and the percentage of objective
symptoms between study 3 and study 4 were compared
using Student’s t-test. P < 0.05 was considered statistically
significant.

RESULTS

Reproducibility of PT
The distribution of the irritation scores for test drugs and control
substances in study 1 and study 2 is shown in Figure 1. The irri-
tation scores of each test drug at 2 (Fig. 1a) or 24 h (Fig. 1b)
after patch removal in both studies were similar (Fig. 1a,
y=0.9011x — 0.0991, r=0.8714, P <0.01; Fig.1b, y=
1.2223x + 0.0388, r = 0.9222, P < 0.01). Moreover, the mean
scores were similar regardless of the duration of drug exposure.
The mean irritation scores ranged 0.03-0.43 for the negative
control drugs and 0.07-2.07 for positive controls; a clear differ-
ence between the negative and positive controls in the range
of values was observed (Fig. 1c, r=0.7429; Fig. 1d,
r = 0.6514). The mean irritation scores of 0.2% SLS solution in
study 1 and study 2 were 0.77 and 0.93 at 2 h after patch
removal, and 1.14 and 1.60 at 24 h after patch removal,
respectively. The mean irritation scores of 0.1% SLS solution
in study 1 and study 2 were 0.50 and 0.52 at 2 h after patch
removal, and 0.59 and 0.73 at 24 h after paich removal,
respectively. The results of the SLS PT suggest that the skin
irritation scores are concentration-dependent.

Use test with twice daily application to the arm for

3 weeks

Table 3 show the mean skin irritation scores 24 h after drug
patch removal, the number of individuals who developed skin
symptoms or abnormal sensation, and the nature of the skin
manifestations in study 3 and study 4. The distribution of the
percentage of subjects positive for symptoms provoked by the
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test drugs in study 3 and study 4 is shown in Figure 2 (Fig. 2a,
r=0.8414, P < 0.05; Fig. 2b, r = 0.7651; Fig. 2c, r = 0.8510,
P < 0.05). The percentage of positive symptoms was similar
between the two groups.
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Figure 2. Correlation between the number of subjects and
symptoms in study 3 and study 4. (a) Percentage of total objec-
tive symptoms. (b) Percentage of subjects with objective symp-
toms. (c) Percentage of subjects with subjective symptoms.
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With respect to the nature of the symptoms, redness was features, which might have been due to hardening of the
observed most often, which was described as transient (disap- topical drug.
pearing within 0.5-1 h) and associated with an elevation of During the application test, one subject was suspected to
body temperature due to exercise, drinking and high ambient have an allergic reaction to test drugs no. 1 and 2, and the
temperature. Drug no. 1 and no. 2 resulted in skin peeling-like application of these drugs was discontinued on day 2. Another
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Figure 3. Patch testing irritation scores at 2 and 24 h after patch removal for each test drug in study 1 and study 2.

510 © 2014 Japanese Dermatological Association

57



subject complained of itchiness on day 12 of application of test
drug no. 1, and it was subsequently discontinued on day 14
because it was difficult to continue the test (study 3). One
subject had a papule on day 8 of application of test drugs no.
1 and no. 2, and they were discontinued on day 9. Another
subject had a papule on day 6 of application of test drugs
no. 1, no. 2 and no. 3, and they were discontinued on day 7
(study 4).

Relationship between the results of PT and the use
test with twice daily application for 3 weeks

Figure 3 shows the PT results of six topical drugs. Specifi-
cally, the skin reaction scores 2 and 24 h after patch removal
are shown. Over half of the subjects had a score of 3 after
exposure to drug no. 1 (mean irritation score 24 h after patch
removal, >1.5). Most subjects had a score of 0 after exposure
to drug no. 6 {mean irritation score 24 h after patch removal,
<0.2). The scores of drugs no. 2-5 (mean irritation scores
24 h after patch removal, 0.2-1.4) varied from 0 to 4. When
the test drugs were classified according to their skin irritation
scores, it was found that the number of subjects with skin
symptoms increased as the mean score rose, suggesting that
the skin irritation scores correlate with skin symptoms
(Fig. 4).

Table 4 shows the use test results including the number of
subjects with objective or subjective symptoms, reaction score
and assessment periods. Objective or subjective symptoms
were documented from days 1-21. The total symptom scores
of each drug, excluding transient redness, increased as the
mean score rose.

DISCUSSION

Patch testing has been used to evaluate the skin irritancy of
cosmetics, quasi-drugs and topical drugs. However, detailed
evaluation of the reproducibility of this method or the
significance of its results in relation to skin irritation on clinical
application of the drug has not been examined.23-2°

In this study, participants were selected at random who had
normal back skin and on inspection. Biological assessments of
barrier function such as transepidermal water loss, skin hydra-
tion and pH were not performed, and menstrual cycle was not
considered in the selection criteria. PT of 55 topical drugs and
seven control substances was performed with either a 24- or
48-h patch application (study 1 and 2, respectively) on two
groups of subjects in January (study 1) and in June (study 2).
The mean skin irritation scores®® were similar in both studies,
suggesting that the PT skin irritation score is reliable, even for
a group of approximately 30 individuals with different genetic
backgrounds and living environments.

Furthermore, the skin irritation score of the positive and
negative control drugs were clearly different, and PT using
different concentrations of SLS solutions revealed that the skin
irritation score was concentration-dependent. As the skin
reaction after 24 h of exposure was similar to that after 48 h of
exposure, the 24-h closed test is considered sufficient for test-
ing skin irritancy, and is also more convenient for the patient
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Figure 4. Relationship between patch testing-derived mean
skin irritation scores at 24 h after patch removal and repeated
open application test results. (@) Number of subjects with posi-
tive use test results. (b) Number of subjects with objective
symptoms. (c) Number of subjects with subjective symptoms.

and examiner.® The above findings suggest that PT can identify
skin irritancy of topical drugs and that PT results reflect the
intensity of irritant reactions. Thus, this study confirms the
reliability of PT.

It is important that the cutaneous safety of topical drugs is
tested on human subjects, and it is desirable to use the repeat
open application test that reflects the clinical use of the drug.
In this study, six topical drugs with different irritation scores
were applied to the arms of two groups of 22-30 subjects, and
symptoms were documented from days 1-21. It was found
that the number of positive symptoms was similar between the
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Table 4. Use test results: number of subjects with objective and subjective reactions and their scores

Redness
Scaling Erythema (transient) Papule Soreness Heat ltchiness

Drug no. Assessment period 0 1 2 0 1 2 0 1 2 3 0O 1. 2 0 1 2 0 1 2 0 1 2

1 Days 1-7 - 51 0 1 47 5 0 0 49 2 1 49 0 3 - 52 0 O
Days 8-14 - 50 2 0 52 0 0 0 5 1 0 52 0 0 - 49 0 3
Days 15-21 - 49 3 0 52 0 0 0 52 0 0 52 0 0 - 52 0 0
Total score - 7 5 5 6 - 6

2 Days 1-7 - 59 0 1 45 6 1 0 49 2 1 49 2 A1 - -
Days 8-14 - 52 0 0 50 1t 1t 0 50 1 1 51 1 0 - -
Days 15-21 - 52 0 0 49 3 0 0 52 0 0 52 0 O - -
Total score - 2 16 7 5 - -

3 Days 1-7 52 0 0 - 45 6 1 0 50 2 0 51 1 0 - -
Days 8-14 52 0 0 - 50 2 0 0 52 0 0 52 0 O - -
Days 15-21 50 2 0 - 49 3 0 0 52 0 0 52 0 0 - -
Total score 2 - 13 2 1 - -

4 Days 1-7 - 52 0 0 48 3 1 0 - - 52 0 O -
Days 8-14 - 52 0 0 47 1 4 0 - - 51 0 1 -
Days 15-21 - 50 2 0 51 1 0 O - - 51 1 0 -
Total score - 2 15 - - 3 -

5 Days 1-7 52 0 0 51 1 0 47 3 2 0 - - - -
Days 8-14 52 0 0 52 0 0 49 2 0 1 - - - -
Days 15-21 5¢ 1 0 51 1 0 5 1 0 1 - - - -
Total score 1 2 14 - - - -

6 Days 1-7 - 51 1 0 48 3 1 - 51 1 0 - -
Days 8-14 - 52 0 0 50 1 1 - 52 0 O - -
Days 15-21 - 52 0 0 51 1 0 - 52 0 0 - -
Total score - 1 9 - 1 - -

two groups, and the number of subjects with skin symptoms
increased as the mean score rose. Furthermore, total symptom
scores, excluding transient redness, increased as the mean
skin irritation scores rose.

Skin irritation was observed despite the application of anti-
inflammatory drugs including steroid and those with anti-
inflammatory ingredients in PT and use test. Therefore, PT and
use test can detect skin irritation without being affected by
anti-inflammatory effects. Application of drugs including steroid
resulted in a bluish tinge to the skin at 2 h after chamber
removal in PT. Compared with the PT skin irritation scores 2 h
after patch removal, the scores at 24 h after patch removal
showed a higher correlation with the number of subjects who
developed skin symptoms in the use test (data not shown). It
has been reported that skin irritant reactions were strongest at
24 h after patch removal and tended to be weaker at 48 h after
patch removal.’ These observations suggest that 24 h after
patch removal is an optimal time point for reading the resuits
of PT for potential skin irritants. Drug no. 1 had a high mean
skin irritation score on PT (scores, >3), a higher number of
discontinued subjects and was associated with skin symp-
toms, while drug no. 6 had a low PT score associated with few
skin symptoms. Other drugs were associated with skin symp-
toms and had to be discontinued in several subjects, possibly
caused by PT reactions with scores of 3. Further study is
needed to clarify the significance of PT and skin irritation
scores in determining skin safety.
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The transient redness appeared when the body temperature
rose and disappeared after 0.5-1 h, and was not perceived by
patients as irritative. Presumably, it was caused by transient
vasodilation without inflammatory cell infiltration.2%2° The total
score of objective symptoms excluding transient redness also
increased with the skin irritation mean score, suggesting that
the skin irritation scores correlate with skin symptoms
(Table 4).

Drugs no. 1 (gel) and no. 2 (lotion) resulted in skin peeling-
like features but no erythema or itchiness were observed
(Table 3). This was thought to be due to hardening of the topi-
cal drugs rather than inflammation. The above-mentioned
drugs, those with high PT scores or use test scores, those that
provoked symptoms, and those that induced skin peeling-like
symptoms require further study to determine whether these are
related to skin irritation.

The above-mentioned observations suggest that PT is useful
in predicting the safety of topical drugs in addition to the
repeated open application test that simulates the clinical use
of the test drug. In this study, the participants had normal skin
on inspection; when we study the relationship between normal
skin and sensitive skin, we should examine biological assess-
ment of barrier function. As transient redness was observed in
the repeated open application test in this study, the erythema
in PT is thought to reflect vasodilation combined with an irritant
reaction with an inflammatory cell infiltrate, especially in
commercially available drugs containing active ingredients.

© 2014 Japanese Dermatological Association



In conclusion, the mean skin irritation score derived from PT

is a reproducible system for evaluating the safety of topical
drugs and accurately reflects the severity of skin irritation. Also,
the skin irritation score of PT closely correlated with the
number of skin symptoms observed in the repeated open
application test that simulated the clinical use of the drug. PT
is a useful method for predicting the safety of topical drugs.

CONFLICT OF INTEREST: The authors have no conflict of

interest.
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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
et al., 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 sulfhydryls 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
(Blechen et al., 1968; Jimbow ef 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 ez al., 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/cm? 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.
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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), ¢: 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
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(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,0, for
90 min at 55°C. Sections from both groups were stained
with FM and S-100, and were counterstained using
Kemechtrot 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).

Vol. 39 No. 4
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Table 1. Depigmentation by HPB application and repigmentation in guinea pigs
Application time /

Day of first Day of first Day to complete

G\junea p1g No. b . fotal application appearance of slight appearance of marked  repigmentation
e egtor FATReiROn Abe: depigmentation (+) depigmentation (++) post PHB withdrawal
(3 times per day) 7E_g~_7 o ripg S /_p_vv—
1 30% 30 days/90 9 20 52
2 30% 40 days/120 9 17 35
g\j":’;‘) 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 o
N=1) 1 30% 21 days/63 5 19 70
A
66 ¥
65 £ —ae— HPB+UV-treated
64 | =[3= UV-treated
63 | =<==-Untreated ** [ -—A/’
© 62 pp—”’&__
2 T p
for | %
260 -
50 | 4 : I - —l% -
58 + | 1 T [ é = ’T
57 | -
56 L . : : : : : :
Day0 Day7 Day 14 Day21 Day28 Day 35 Day42 Day 49
B
50 :
Withdrawal at day 21
all % Y
a6 |
4 }
w42 | ——HPB 30%
3
Ta0 —@ —Untreated
)21 38 |
N
4 }
) =
32 | =
o : R R
0 7 14 21 28 35 42 49 56 63 70 77 84 91

Day

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 =~ ment of HPB was discontinued (Table 1, Fig. 3F-H). As
(%) of the sites treated with 30% HPB was first observed  for the colorimetric measurements, the L*value increased
on day 5 and a marked depigmentation (++) was observed  up to day 21 post-withdrawal of HPB, after which this
on day 19 (Table 1). It took 70 days for re-pigmentation ~ value decreased gradually to the baseline level (Table 1,
to return to the same level as untreated skin after the treat-  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 | oY ¥
41 ++ UV+HPB 0.66
UV +HPB
78 ) (withdrawn on day 40) 31
0 - None 90
Black 22 ++ HPB 2.2
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. SA, 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
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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
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mentation of the ear and dorsal skin of black guinea pigs
(Bleehen et 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 ef al., 2011).
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Fukuda e 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). Haribaran 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-o-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, 3-0-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 6years. 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 04
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 L-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-o-Ethyl-1-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
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