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Japanese pharmaceutical cosmetics, often referred to as quasi-drugs, contain skin-lightening active ingredients
formulated to prevent sun-induced pigment spots and freckles. Their mechanisms of action include suppressing
melanin production in melanocytes and promoting epidermal growth to eliminate melanin more rapidly. For
example, arbutin and rucinol are representative skin-lightening active ingredients that inhibit melanin production,
and disodium adenosine monophosphate and dexpanthenol are skin-lightening active ingredients that inhibit
melanin accumulation in the epidermis. In contrast, oral administration of vitamin C and tranexamic acid in
pharmaceutical products can lighten freckles and melasma, and these products are more effective than quasi-
drugs. On the basis of their clinical effectiveness, skin-lightening active ingredients can be divided into four

categories according to their effectiveness and adverse effects.

skin-lightening pharmaceutical cosmetics quasi-drug ingredient

melasma: pigment spots

| 1. Development of Skin-Lightening Active Ingredients

Japanese pharmaceutical cosmetics are required to have one of the following purposes of use: (1) cleansing, (2)
beautifying, (3) increasing attractiveness, (4) changing appearance, and (5) maintaining healthy skin or hair.
Whether or not the product has the above purpose of use should be clarified by the efficacy or effectiveness,
usage, and dosage of the product. If a product is determined not to meet the specified purpose of use on these
bases of its efficacy or effectiveness, usage, and dosage, it is considered a “drug.” Examples of indications include
“spots, freckles, pigmentation due to sunburn, etc.” (internal use), “spots, freckles, pigmentation due to
sunburn/rash” (internal use), “skin pigmentation, senile pigmentation” (external use), “spots” (internal use), “Riehl
melanosis, post-inflammatory hyperpigmentation” (for injection), and “melasma, freckles, post-inflammatory
hyperpigmentation” (for internal use and injection). If the product has only the above efficacy or effectiveness,

usage, and dosage, it cannot be considered a pharmaceutical cosmetic (quasi-drug).

In Japan, the efficacy for pharmaceutical cosmetics was changed in 2019 from “prevents sun spots and freckles” to
“prevents sun spots and freckles by suppressing melanin production.” In 2004, the action of the ingredients in the
formulation was changed to “prevents spots and freckles,” and, on the basis of the mechanism of action of the
ingredients in the formula, the indication of “suppressing the accumulation of melanin and preventing spots and
freckles” was approved. Thus, it is possible to apply for approval of pharmaceutical cosmetics for new efficacy

within the scope of quasi-drug efficacy, on the basis of a clear scientific rationale.
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The Japanese skincare market can be divided into the following functional categories: moisturizing, skin-lightening,

anti-aging, sensitive skin, and pore and acne care. Lightening of the skin accounts for approximately 30% of the

market and is the category with the most rapid growth over the past 35 years, particularly in terms of research and

development . Approximately twenty active ingredients have been developed for lightening-related quasi-drugs,

including chemical substances and plant extracts with excellent inhibitory effects on tyrosinase activity and melanin

production. A chronology of the development of skin-lightening active ingredients is presented in Table 1. The

chemical structures of skin-lightening active ingredients in Japan are presented in Figure 1. Recent research on

anti-aging skin-lightening has revealed new mechanisms and methods for the treatment of skin lightening. This

section introduces the history of the skin-lightening ingredients developed in Japan.
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Figure 1. Chemical structure of skin-lightening active ingredients in Japan.

Table 1. List of skin-lightening active ingredients approved in Japan.

A G Generic Name
Year
placenta extract
magnesium
1983 ascorbyl phosphate
(APM)
1988 kojic acid

Development
Company

Takeda Pharmaceutical
Co., Ltd.

Sansho Seiyaku Co.,
Ltd.

Chemical . )
Name/Substance Main Mechanism of
Action
Name

magnesium L-

ascorbyl-2-phosphate tyrosinase inhibition

kojic acid tyrosinase inhibition
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Approved
Year

1989

1994

1997

1998

1999

2001

2002

2003

2004

2004

2005

2007

2008

Generic Name

arbutin

ascorbyl glucoside
(AA-2G)

ellagic acid

Rucinol®

Chamomile ET

linoleic acid S

tranexamic acid
(t-AMCHA)

4MSK

Vitamin C ethyl

Energy signal
AMP®

Magnolignan®

D-Melano

(niacinamide W)

Rhododenol®

Development
Company

Shiseido Co., Ltd.

Hayashibara Co., Ltd.,
Kaminomoto Co., Ltd.,
Shiseido Co., Ltd.

Lion Corporation

Kurarey Co., Ltd.
POLA Chemical
industries, Inc.

Kao Corporation

Sunstar Inc.

Shiseido Co., Ltd.

Shiseido Co., Ltd.

Nippon Hypox
Laboratories, Inc.

Otsuka Pharmaceutical
Co., Ltd.

Kanebo Cosmetics Inc.

P&G Maxfactor

Kanebo Cosmetics Inc.

Chemical
Name/Substance
Name

hydroquinone-3-D-
glucopyranoside

L- ascorbic acid 2-O-a-
glucoside

ellagic acid

4-n-butylresorcinol

Matricaria chamomilla
L Extract

linoleic acid

trans-4-
aminocyclohexane
carboxylic acid

potassium 4-
methoxysalicylate

3-0O-ethyl ascorbic acid

adenosine mono
phosphate

5,5-dipropyl-biphenyl-
2,2-diol

niacinamide

4-(4-hydroxyphenyl)-2-
butanol, Rhododendrol

Main Mechanism of

Action

tyrosinase inhibition

tyrosinase inhibition

tyrosinase inhibition

tyrosinase inhibition

endothelin blocker

tyrosinase
degradation,
stimulation of
epidermal turn over

inhibition of
prostaglandin E;
production by anti-
plasmin

tyrosinase inhibition

tyrosinase inhibition

stimulation of
epidermal turnover

inhibition of

tyrosinase

maturation,
cytotoxicity to
melanocytes

suppression of
melanosome transfer

tyrosinase inhibition,
cytotoxicity of
melanocytes
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Chemical . .
Approved . Development Main Mechanism of
Year Generic Name Company Namell\lsaunl::tance Action
tranexamic acid cetyl ey .Of
2008 TXC CHANEL . prostaglandin E;
ester hydrochloride . p Co.,
production
ascorbyl Nikko Chemicals Co., ascorbyl tetra-2- . R
2009 tetraisopalmitate Ltd. hexyldecanoate tyrosinase inhibition 1.,
enhance energy ). J. Am.
2018 dexpanthenol W POLA ORBIS Holdings dexpanthenol praduction of

(PCE-DP) Inc. epidermal cells
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(retinoic acid) improves melasma. A vehicle-controlled, clinical trial. Br. J. Dermatol. 1993, 129,

415-421.
2. Report on the Effectiveness of a Formulation Containing a
-Eiﬂ'ﬁ‘fe?\'?ng‘)ﬁqBMTaﬁar% 'Spot' Remédyy fol' SERiIE Pigmeérnted
P_’%%*I%?ﬁéJ opical tretinoin (retinoic acid) treatment of hyperpigmented lesions associated
with photoaging in Chinese and Japanese patients: A vehicle-controlled trial. J. Am. Acad.

clifRermadaled 994, s¥ild Spigthentation have investigated a formulation containing magnesium ascorbate

RIOsRAR, RAIMEGHoI 28 AR IGIA Y0 193 SbIBHo AR ERIE i s Sraitkida(gtPrevent melanin
ProflyelieR G ABSSSirPHE THUAHRE APURLUIArRIftE RS ETtis Solenga! 44’ Bpguasi-drugs because of

concerns over its carcinogenic properties; a formulation containing vitamin A acid B4 which is involved in
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for ééﬂﬁéaﬁa%e?tg[mm.%%%Oefé%ti\%é\%Eégzthese compounds is summarized in Table 2.

7. Kameyama, K.; Sakai, C.; Kondoh, S.; Yonemoto, K.; Nishiyama, S.; Tagawa, M.; Murata, T.;
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10%/B2apRYY Bk ARAIARY e RBSRRTAGTE SAISANVRIGSSAARINA G D BIGNAIURS 88534, 19Eal 95 88.3% of

patients with senile pigmentation showed slight or even higher effectiveness, as assessed by skin color
Relananupa M. MLenRoGRsMasS AR S SR INeRRTI0LR03M e 521469 P28k Ggifrektion
afte‘;aspﬁ%%?@ in an open test, and effectiveness was observed for all patients when the treatment period was
extasiesy@rianmis inmiddl yanlfaforpaenrsudsencinmmainigested mitboneifingraligionel¢ fagiersid for
1-3rentisnionekinpsiyere afiestveoesritioneNBkiiRBeNRO0T M 9296 D PRrinipdapdiese) study in 18
patients (5 men and 13 Womeng_ with senile pigmentation who received topical application of 1% kojic acid and

10. Harada, T. Clinical evaluation of whitening cream contalnln? kojic acid and oil-soluble licorice
0.1% oil-soluble licorice extract over a 16-week period, 77.8% of participants showed an improved effectiveness

extract for senile |gment fleckle on the face. Ski. Res. 2000, 42, 270-275. (In Japanese)
rate ==. Additionally, 2% 2-hydroxyanisole and 0.01% vitamin A acid have been found to be more effective than 3%

lHydf@idiaoke iSuzekhgTseMia wignieattdor®! K lalsajimalifd; duelyiwaektigdtiagaki MpidfllefeBiveness of
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adverse effects including erythema and irritation were also observed (61
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mayl ng P]% SuSSed to control effectiveness. Therefore, caution should be exercised in comparing effectiveness rates

across studies in which the criteria for determining effectiveness are unclear or in open studies lacking placebo
14 Mikd, S.; Nishikawa, H. Effectiveness of vitamin C ethyl, Anti-Aging Series 2; N.T.S.: Tokyo, Japan,

2006; pp. 265-278. (In Japanese)
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—~— o~ dim Al mm A Al A A A —— H., -~ i e~ 1% Kojic m Tmummm o~~~
10% Acid and
1 Magnesium 0.5% 0.1% Oil- 2% 4-Hydroxyanisole and

7% Arbutin

Ascorbyl . _Ellagic Acid Soluble 0.01% Vitamin A Acid g
. . - l.
Phosphate I:ormuI""t'onFormulatlon Licorice Formulation
Formulation Extract
Formulation
1 . i lication
Test design Open study Openstudy Open study Open study Double-blind controlled study
Number of cases 17 16 13 18 420 421
5 men, 13
1 Sex S S Women women Men and women - acid-
28-50 years 34-85 years old (average
Age - - Unknown old (average 62.6 years old) ]
1 39 years old) oY J,J;
Location - - Unknown Face Forearm Face
Observation
2 . 3 months 1to3 8 and 16 upto 48 - 0SIS
Period - t0 1 vear months weeks 24 weeks weeks after 51 (]
y 24 weeks of : ( n
application
2 S srated
Skin color photograph
. . determination . .
. . value (color Visual Visual . Visual Visual
Effectiveness judgment . . . and skin . .
difference observation  observation observation observation
color value
meter) .
(image
2 analysis) )yasma.
Effectiveness . 3 months
: Effective
ratio ) 0%, 8 weeks i
p (improved A.
6 months 5.6%, !
or much 58.80% 30.80% 52.60% 56.30%
improved) 15.4%, 16 weeks 1S
orphi her 1 year 22.2%
g 66.7%

24. Navarrete-Solis, J.; Castanedo-Céazares, J.P.; Torres-Alvarez, B.; Oros-Ovalle, C.; Fuentes-
Ahumada, C.; Gonzalez, F.J.; Martinez-Ramirez, J.D.; Moncada, B. A double-blind, randomized
clinical trial of niacinamide 4% versus hydroquinone 4% in the treatment of melasma. Derm. Res.
Pract. 2011, 2011, 379173.
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Ascorbyl FormulationE"agic Acid  Soluble 0.01% Vitamin A Acid
2 Phosphate Formulation Licorice Formulation 1%
Formulation Extract
Formulation
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0 | an
(slightly 88.20% 6 months 69.20% 66.7%, 79.30% 84.10%
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100%
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Redness
o 56%, burning .
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ew cases, .
buting desquamation ﬁgf—%%f)f
Adverse effects — None None . 24%, -
serious o valuated
adverse itching 16%,
irritation 7%, 10ds: the
2 SH2ES decoloration Brg% .
9%. le-blind
2 degree
References @ (8] E] 101 [6] 6l 9
2 g et e e ) ey e e e | TNE TEST

sanigiaeppiechiathe pramerned a1ezpapd the degree of fading of the pigmentation is compared with a placebo.

Both are assessed by visual evaluation and instrumental measurement based on superiority or inferiority

31. Assier, H.; Wolkenstein, P.; Grille, C.; Chosidow, O. Contact dermatitis caused by ascorbyl
comparisons or score judgments.

tetraisopalmitate in a cream used for the management of atopic dermatitis. Contact Dermat. 2014,

Cor?s]Un?eQ§6é|Xpect that skin lightening products will “lighten spots and freckles”. Moreover, many consumers
%@@%mm%@y%ﬂ@ﬁi@@@@@@mfﬁrﬁ’é]@%@@%@l%"r%mw deimiigtitesing toasregice e dine conereinen

spaistradieiayiel ebphey doimate rdmithaneereat RO BB NS 86REHTtNG the fading, of pigmentation caused

by ultraviolet rays. However, problems exist regarding the lightening, effects of such cosmetics when actually used
33. Tagawa, M.; Murata, T.; Onuma, T.; Kameyama, K.; Sakal, C.; Kondo, S.; Yonemoto, K.; (%w ley,
on spots and freckles: test results published in scientific journals are lacking, and a possibility exists that these

J.; Dorsky, A.; Bucks, D.; et al. Inhibitory effects of magnesium ascorbyl phosphate on
cosmetics might cause sk|nj)roblems.

melanogenesis. SCCJ J. 1993, 27, 409-414. (In Japanese)

AKivHahanom arlivEDTaEETS pdakie divided inOkelosaegpliga avcaamgesuhedf Ringakeeffeciseness ehd
advesjie sdiectpixilire pleapsiabediscubsRistapilemis. Msawatol a1d9geGroBnengseogIAinpsifetaltening
ijgg{ﬁg\i;—‘ér&qrghpﬁﬂﬁg_\//gpl%);ag%@g%gmgﬁﬁﬁﬂ{gfej%m%@pfﬁﬁectiveness indices for Japanese skin-lightening

ingredients, on the basis of the published scientific literature (Table 3).

Category A: Effectiveness of the same concentration of cosmetic formulations on human pigment spots has been
described in scientific journals and is highly recommended. Examples include tranexamic acid, arbutin, 3-O-ethyl
ascorbic acid, magnesium ascorbyl phosphate (APM), ellagic acid, kojic acid, linoleic acid, 4-n-butylresorcinol,

chamomile extract, and adenosine monophosphate.

Category B: Effectiveness of higher concentrations than those used in cosmetics on human pigment spots has

been described in scientific journals and is recommended. Examples include oil-soluble licorice extract containing
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considered; however,

dexpanthenol.

evidence

is insufficient.

Examples

Rhododenol, Magnolignan, and ascorbyl tetra-2-hexyldecanoate.

50% glabridin, niacinamide, placenta extract, retinol, ascorbyl glucoside (AA-2G), and azelaic acid.

Table 3. Effectiveness indices of lightening ingredients developed in Japan.

Effectiveness Indices

Effectiveness of same
concentration of cosmetic
formulations on human
pigment spots has been
published in scientific
journals and is highly
recommended.

Effectiveness of higher
concentrations than those
used in cosmetics on
human pigment spots has
been published in
scientific journals and is
recommended.

Skin-Lightening

Ingredients

tranexamic acid

arbutin

3-O-ethyl ascorbic

acid (vitamin C
ethyl)

magnesium L-
ascorbyl-2-

phosphate (APM)

ellagic acid
kojic acid

linoleic acid

4-n-butyl resorcinol,

chamomile extract

adenosine
monophosphate

oil-soluble licorice
extract containing

50% glabridin
niacinamide

placenta extract

Test
Concentration
(%)

2

3

0.5
25,05
0.1
0.3

0.5

0.2

54

or Japanese
Cosmetics
Company

General purpose

General purpose

General purpose

General purpose

General purpose
General purpose
General purpose
General purpose
Kao Corporation
Otsuka

Pharmaceutical
Co., Ltd.

General purpose

General purpose

General purpose

General Purpose Scientific

Articles
Providing
Evidence

2]

[13]

[15]

Category C: No effectiveness for human pigment spots has been described in scientific journals but may be

include potassium 4-methoxysalicylic acid and

Category D: Not recommended, because of toxicity data described in scientific journals. Examples include
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General Purpose Scientific

- . Test .
. . Skin-Lightening - or Japanese Articles
Effectiveness Indices Ingredients Concentration Cosmetics Providing
(%) .
Company Evidence
retinol 0.15 General purpose (28]
ascorbic acid 2-O-0- 20 [27]

glucoside (AA-2G) (iontophoresis) ozl e

azelaic acid. 20 General purpose (28]
No effectiveness for i
: potassium 4- L
human pigment spots has methoxysalicylate 13 Shiseido Co. Ltd.
c been published in
scientific journals and may
be considered, but dexpanthenol POLA ORBIS
evidence is insufficient HOLDINGS INC.
Rhododenol 5 Kanebolr(llcosmetlcs [29] osis) was
Not recommgt%ed, al in 19 of
D becquse of tOX|.C|ty.c.iata Magnolignan 05 Kanebo Cosmetigg] [29] % human
published in scientific Inc.
journals kles) was
(23] ascorbyl tetra-2- Nikko Chemicals [BoI31B2]  kojic acid
[16] [13] hexyld@énoate [18] Co. Ltd.[l_g] c acid [

Examples of topically applied products with good results for senile pigmentation include 3% APM 13, 10% APM 4
(331 1% or 2.5% kojic acid L8IL7B4] 0,59 ellagic acid &, 7% arbutin B, and 0.5% chamomile extract 29, Topical
application of 1% or 2.5% kojic acid [28] 0.5% ellagic acid &, 1% tranexamic acid 22, and 7% arbutin & has been
used with good results in the treatment of freckles. In some cases, 1% vitamin C ethyl has shown effectiveness in
pigmentation after natural light exposure and burns (141, The effectiveness of these pharmaceutical skin-lightening
cosmetics was not evaluated in a comparative study with a placebo, but instead was assessed in a study that
examined the effectiveness of the formulations before and after continuous use, without double-blinding. In
examining effectiveness, attention must be paid to changes in skin tone with seasonal variations and the effects of
the base agent.

Examples of topical effectiveness in double-blind comparative studies include 0.1% retinoic acid (Tretinoin) 2,
0.2% oil-soluble licorice extract 22, and 20% azelaic acid 28 for melasma. Topical 0.1% retinol has been reported
to be effective in photodamaged skin in a double-blind, controlled study 28, lontophoresis of 20% AA-2G has been
reported to be effective in melasma and postinflammatory hyperpigmentation 7. For senile pigmentation, both
0.1% retinoic acid (tretinoin) 4 and 2% 4-methoxyphenol/0.01% retinoic acid I8 have shown topical effectiveness
in double-blind comparative studies, but these are not active ingredients in pharmaceutical cosmetics. Thus, a
pharmaceutical skin-lightening cosmetic product is defined as a pharmaceutical product if its effectiveness against

melasma and senile pigmentation is statistically demonstrated in actual use in a double-blind comparison test.
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