
CHAPTER II

LITERATURE REVIEW

A. The color of skin and pigment system 
The color of the skin (1,2)

Four skin colors are produced by normal skin pigment such as red, yellow, 
brown, and blue. Exogenous pigment produced carotenoids (yellow), endogenous 
pigment produced melanin (brown) in the dermis. Red is occurred by oxygenated 
hemoglobin in capillaries and also blue is occurred by reduced hemoglobin in the 
vanules of the dermis [4]. The skin colors are different in each part of each person. 
For instance, in black people, the abdomen is the darkest and the lumbar region is the 
lightest. In white people, the upper thigh is the darkest and the lumbar region is the 
lightest. Females are generally lighter than males [5], Major color detemiinant is 
melanin, racial and ethnic difference in skin color are related to the number, size, 
shape, distribution, and degradation of melanin-containing organelles called 
melanosomes. These are products of specialized exocrine glands derived from neural 
crest, called melanocytes, which contain nerve cell-like dendrites. In the skin, 
melanocytes ramify their dendrites to the kératinocytes so that they transfer melanin- 
containing melanosome to the epidermis. Melanin is a virtually insoluble polymer of 
high molecular weight and can attach to a protein.

Melanin pigmentation of human skin is divided in two components. [4]
1. Constitutive skin color is the amount of melanin pigmentation generated 

in the absence of รนท exposure and other influences.
2. Facultative skin color or tan is composed of the short-lived intermediate 

tanning (IT) and delayed tanning (DT). Both of them come from direct exposure of 
the skin to the ultraviolet light (UVL); facultative color is reversible. The increase in 
pigmentation can also result from endocrine causes, such as those that occur during 
pregnancy, and from an interaction of light hormonal effects, as seen in melasma 
(cholasma) and in Addison’s disease.
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From categorization by chemical composition, melanin is divided into
1. Eumelanin, a brown polymer derived from the conversion of amino acid, 

tyrosine by tyrosinase to alkali-insoluble brown product [6].
2. Phaeomelanin, a yellow-red alkali-soluble pigment derived from the 

intermediate of the conversion of tyrosine, dopaquinone, combined with cysteine to 
form 5-S-cysteinyl dopa and then phaeomelanin [6].

Each epidermal melanocyte secretes melanosome into a finite number of 
neighboring kératinocytes; single melanocyte supplies melanosomes to a group of 
about 36 kératinocytes. Fitzpatrick and co-worker call this partnership of melanocytes 
and neighboring group of kératinocyte an “ epidermal melanin unit” (Figure 1).

Skin color has a complex process ranging from the molecules with are relevant 
to melanin synthesis. Skin color does not depend upon the number of the 
melanocytes, but upon the organization within the epidermal melanin unit. Hair and 
skin color are the result of key events in these processes, which include [4,7]: 1

1. The migration of the melanoblast from the neural crest.
2. The differentiation of melanoblast to form epidermal melanocytes.
3. The formation of the melanosomes.
4. Synthesis of melanin and its deposition on melanosomes.
5. The transfer of melanosomes to keratonocytes, either as aggregate or 

discrete particles or a complex.
6. The degradation of melanosomes within the kératinocytes.
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Figure 1. Epidermal melanin unit. Epidermal melanocytes are situated in the 
basal layer. Melanin is formed within the melanocytes and then transferred into 
the neighboring kératinocytes. In this way, the melanin provides protection 
against u v  radiation. In the epidermis each melanocyte is normally associated 
with 36 kératinocytes and together from the epidermal melanin unit [7].
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Pigment system 

Melanocytes

Melanocytes (Figure 2) are defined as the cells capable of synthesizing 
tyrosinase enzyme, which necessarily converse from tyrosine to dopa, including 
melanosomes that synthesize and deposite of melanin. Melanocytes have a round to 
oval nucleus, numerous mitochondria and vesicles, microfilament (5-7nm), 
intermediate filaments (lOnm), and microtubules (25nm) in the cytoplasm. There are 
abundant smooth endoplasmic reticulum, rough endoplasmic reticulum, and a Golgi 
apparatus, all of which are necessary to synthesis proteins.

Masson calls the processes in which the melanocytes discharge melosome into 
kératinocyte a ‘cytocrine activity’. In humans, the melanocyte not only deposites on 
dermal-epidermal junction, hair, follicles, and dermis, but is also found in mucous 
membranes, eye, inner ear, cochlea, and vestibular system. Messon called the 
melanocytes, which retain the melanin they have synthesized, but cannot discharge 
their melanosome to the surrounding “continent melanocytes”. Continent 
melanocytes (dermal melanocytes) generally appear in extracutaneous sites. In 
contrast, the melanocytes that can transfer pigment granules to kératinocytes are called 
“secretory melanocyte”. The latter are usually found in epidermis and hair follicles 
[9]. Like all secretory cells, they have a well-developed endoplasmic recticulum and 
Golgi complex also [9], Thus, the epidermal melanocytes are the representative 
melanocytes in mammals. In vertibrates, there are a large number of melanocytes do 
not transfer melanosomes to any other cells after synthesis, but contain them through 
out the life of the cell. These are called melanophores.

The population of melanocytes is not constant throughout life. In the 
beginning, there are around 800-1000 pigment cells/sq mm and constantly remain 
until mid adulthood (30-39 years). Thereafter, there is a progressive decrease in 
population density as a function of age. Moreover, during age, they tend to change 
with numerous factors, for instance, sunlight increases the melanin population; in 
contrast, cold, severe thermal bums and age-related factors decrease in melanocyte
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density. In fact, melanocytes seem to decrease beginning in fifth decade of life in all 
parts of the body. Thus, we can see that hair begin turn gray in the fourth and fifth 
decades of life. Furthermore, with age, the older melanocytes are found larger and 
more dendritic than younger ones [8],
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PHEOMELANOSOME EUMELANOSOME

Figure 2. Schematic drawing of melanocyte.
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M e l a n o c y t e s  d e v e l o p m e n t

M e l a n o c y t e s  i n  s k i n  a n d  o t h e r  o r g a n s  a r e  d e r i v e d  f r o m  t h e  n e u r a l  c r e s t .  T h e  

d o r s a l  s i d e  o f  t h e  e m b r y o  t h i c k e n s  t o  f o r m  a  n e u r a l  p l a t e  i n  t h e  s e c o n d  w e e k  o f  

g e s t a t i o n  ( F i g u r e  3 )  [ 8 ] ,  T h e  p l a t e  d e v e l o p s  a  g r o o v e  t h a t  b e c o m e s  a  n e u r a l  t u b e  a n d  

l a t e r  b e c o m e s  a  s p i n a l  c o r d .  A t  w e e k s  3 - 4 ,  n e u r a l  c r e s t  c e l l s  a r e  l o c a t e d  b e t w e e n  t h e  

n e u r a l  t u b e  a n d  e x c e s s i v e l y  i n  e p i d e r m i s .  B y  w e e k  5  o f  g e s t a t i o n ,  n e u r a l  c r e s t  c e l l s  

m i g r a t e  t h r o u g h  t h e  m e s o d e r m  t o  l o c a t e  i n  o t h e r  t i s s u e s .  S o m e  o f  t h e s e  b e c o m e  

m e l a n o b l a s t s  ( m e l a n o c y t e s  p r e c u r s o r s ) .  B y  e l e c t r o n  m i c r o s c o p y ,  m e l a n o c y t e s  

c o n t a i n i n g  m e l a n o s o m e s  a r e  d e t e c t e d  i n  d o r s a l  d e r m i s  b y  w e e k  7  o f  g e s t a t i o n .  A f t e r  

w e e k  7 , t h e  p o p u l a t i o n  d e n s i t y  o f  t h e  e p i d e r m a l  m e l a n o c y t e s  i s  f o u n d  t o  e x c e s s i v e l y  

i n c r e a s e .
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G e s t a t i o n a l  A g e N e u r a l c r e s t

E p id e r m is  
N e u r a l  c r e s t

N e u r a l  t u b e

4

E p id e r m is  

N e u r a l  c r e s t

N e u r a l  t u b e

F i g u r e  3 .  S c h e m a t i c  d r a w i n g  s h o w i n g  t h e  f o r m a t i o n  o f  t h e  n e u r a l  c r e s t  

c e l l s  b e t w e e n  w e e k  2  a n d  4  o f  g e s t a t i o n .  T h e  n e u r a l  c r e s t  b e g i n s  ( w e e k  2  

Vi) a s  a  g r o u p  o f  c e l l s  a l o n g  t h e  n e u r a l  g r o o v e .  B y  w e e k  4  t h e  n e u r a l  c r e s t  

c e l l s  a r e  l o c a t e d  b e t w e e n  t h e  e p i d e r m i s  a n d  t h e  n e u r a l  t u b e  [8 ] .
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M e l a n o s o m e s

M e l a n o s o m e  f o r m a t i o n  a n d  M e l a n o g e n e s i s

T h e  c h a r a c t e r i s t i c  u l t r a s t r u c t u r a l  f e a t u r e  o f  m e l a n o c y t e s  i s  t h e  c y t o p l a s m i c  

m e l a n o s o m e .  P r e m e l a n o s o m e s  a r e  f o r m e d  b y  a  d i l a t i o n  o f  s m o o t h  e n d o p l a s m i c  

r e c t i c u l u m .  T h e r e  a r e  t w o  t y p e s  o f  m e l a n o s o m e s .

1 . E u m e l a n o s o t n e s ,  w h i c h  c o n t a i n  b r o w n / b l a c k  p i g m e n t ,  a r e  o v a l  i n  s h a p e .  

I n  t h e i r  s u b s t r u c t u r e s ,  t h e y  h a v e  a  b a n d e d  l a m e l l a  d i s t r i b u t i o n  o f  p r o t e i n  i n  w h i c h  

e u m e l a n i n  i s  d e p o s i t e d .

2 .  P h a e o m e l a n o s o m e s ,  w h i c h  c o n t a i n  r e d  p i g m e n t ,  a r e  r o u n d  i n  s h a p e .  I n  

t h e i r  s u b s t r u c t u r e s ,  t h e y  h a v e  a  h a p h a z a r d  a r r a y  d i s t r i b u t i o n  o f  p r o t e i n  w h i c h  

p h a e o m e l a n i n  i s  d e p o s i t e d .

M e l a n o g e n e s i s  o c c u r s  i n  m e l a n o c y t e s ,  w h i c h  a r e  f o u n d  in  t h e  e p i d e r m a l  b a s a l  

l a y e r .  W h e n  m e l a n o c y t e s  a r e  s t i m u l a t e d  b y  n u m e r o u s  i n f l a m m a t o r y /  i m m u n e  

c y t o k i n e s  s u c h  a s  i n t e r l e u k i n - 1 ( I L 1 ) ,  I L 3 ,  I L 6 , i n t e r f e r o n - y ,  p r o s t a g l a n d i n s ,  

l e u k o t r i e n e s ,  i n c l u d i n g  p r o s t a g l a n d i n  E ,  a r a c h i d o n i c  a c i d ,  a n d  a - M S H ;  E n z y m e  

t y r o s i n a s e  ( T a s e )  i s  t r a n s l a t e d  f r o m  t y r o s i n a s e  g e n e  ( T a s e )  o n  c h r o m o s o m e  1 1  t o  t h e  

r o u g h  e n d o p l a s m i c  r e t i c u l u m  ( R E R ) ,  t h e n  t r a n s l o c a t e d  t o  G o l g i  a p p a r a t u s ,  ( s e e  

F i g u r e 2 )  T h e  e n z y m e  t y r o s i n a s e  i s  g l y c o s y l a t e d  ( T a s e - C H O )  a s  i t  p a s s e s  f r o m  t h e  c i s  

t o  t r a n s  s u r f a c e  o f  t h e  G o l g i  a p p a r a t u s .  T h e  m a t u r e  t y r o s i n a s e  e n z y m e  a n d  s o m e  

m e l a n i n  p r e c u r s o r s  s u c h  a s  5 , 6 - d i h y d r o x y  i n d o l e ,  d i h y d r o x y - i n d o l e - 2 - c a r b o x y l i c  a c i d  

p i n c h  o f f  t h e  G o l g i  in  c l a t h r i n - c o a t e d  v e s i c l e s  ( i l l u s t r a t e d  a s  T a s e  i n  s p i k e d  v e s i c l e s )  

a n d  t r a n s l o c a t e  t h r o u g h  t h e  c y t o p l a s m  t o  f u s e  w i t h  m e l a n o s o m e s  t h a t  a r e  f o r m e d  f r o m  

t h e  s m o o t h  e n d o p l a s m i c  r e t i c u l u m  ( S E R ) .  S t a g e  I m e l a n o s o m e s  ( p r e m e l a n o s o m e s )  

h a v e  s o m e  s t r u c t u r a l  f e a t u r e s  o f  m e l a n o s o m e s .  S t a g e  II  m e l a n o s o m e s  a r e  f u l l y  

f o r m e d  w i t h  w e l l - d e f i n e d  p r o t e i n  s u b s t r u c t u r e s  b u t  c o n t a i n  n o  m e l a n i n .  T y r o s i n e  

( T Y R )  e n t e r s  t h e  m e l a n o s o m e s  a t  t h i s  s t a g e .  A f t e r  f u s i o n  o f  t h e  t y r o s i n a s e  e n z y m e  

( T a s e )  w i t h  t h e  m e l a n o s o m e ,  e u m e l a n i n  f o r m a t i o n  b e g i n s  ( s t a g e  I I I )  a n d  i s  c o m p l e t e d  

s h o r t l y  a f t e r  s t a g e  I V .  A t  t h i s  p o i n t ,  t h e  m e l a n o s o m e  i s  r e p l e t e  w i t h  e u m e l a n i n .  T h e  

s a m e  c e l l  c a n  f o r m  p h a e o m e l a n i n  v i a  a n o t h e r  p a t h w a y .  T h e n ,  m e l a n o s o m e s  a r e  

t r a n s f e r r e d  b y  p i n c h i n g  o f f  t h e  t i p  o f  t h e  m e l a n o c y t e s ,  w h i c h  i s  p h a g o c y t i z e d  b y  

k é r a t i n o c y t e s  [ t a b l e  1 ] [ 6 , 7 , 8 , 9 ]
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It  i s  n o w  p o s t u l a t e d  t h a t  t h e r e  a r e  a t  l e a s t  t h r e e  o r  f o u r  i s o e n z y m e  f o r m s  o f  

t y r o s i n a s e  r e p r e s e n t i n g  d i f f e r e n t  s t a g e s  i n  t h e  f o r m a t i o n  o f  a c t i v e  e n z y m e .  T h e  

i s o e n z y m e  T 3  i s  t h o u g h t  t o  b e  a  n e w l y  s y n t h e s i z e d  m o l e c u l e .  W h e n  t h e y  c o m b i n e  

w i t h  s i a l i c  a c i d  a n d  n e u t r a l  s u g a r s ,  t h e y  c o n v e r t e d  T 1 a n d  f i n a l l y  T 4  w h i c h  i s  c o m p l e x  

t o  t h e  m e l a n o s o m a l  m e m e b r a n e  [ 7 ] ,
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Table 1. Four Stages of Melanosome Formation

S t a g e M e l a n o s o m e F e a t u r e s

I P r e m e l a n o s o m e R o u n d  in  s h a p e .  N o  o r g a n i z e d  s u b s t r u c t u r e .  

A  f e w  f i l a m e n t s  m a y  b e  p r e s e n t .

II M e l a n o s o m e E u m e l a n o s o m e s  a r e  o v a l  a n d  h a v e  

a  r e g u l a r  s u b s t r u c t u r e .

P h a e o m e l a n o s o m e s  a r e  r o u n d  w i t h  a n  i r r e g u l a r  

s u b s t r u c t u r e .  N o  m e l a n i n  i s  e v i d e n t  i n  e i t h e r .

III M e l a n o s o m e P a r t i a l l y  m e l a n i z e d  e u m e l a n o s o m e  o r  

P h a e o m e l a n o s o m e .

I V M e l a n o s o m e F u l l y  m e l a n i z e d
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I n  m e l a n o s o m e ,  c o p p e r  c o n t a i n i n g  e n z y m e  t y r o s i n a s e  c a t a l y z e s  t w o  d i s t i n c t  

r e a c t i o n s :  t h e  h y d r o x y l a t i o n  o f  t y r o s i n e  t o  3 , 4 - d i h y d r o x y  p h e n y l a l a n i n e  ( D O P A ) ,  a n d  

s u b s e q u e n t  o x i d a t i o n  t o  d o p a q u i n o n e  [ 1 0 ] .  T h r e e  i s o e n z y m e ( T i , T 2 , T 3 )  f o r m s  o f  

a c t i v e  t y r o s i n a s e  h a v e  b e e n  i s o l a t e d  f r o m  m o u s e  m e l a n o m a .  W h i l e  T i  a n d  T 2  w i t h  

s i m i l a r  m o l e c u l a r  w e i g h t s  o f  6 6 , 6 0 0  a n d  5 6 , 7 0 0  a r e  s o l u b l e ,  T 3  i s  i n s o l u b l e .  R e c e n t l y ,  

i t  h a s  b e e n  f o u n d  t h a t  n o t  o n l y  t y r i s i n a s e  e n z y m e  i s  i n v o l v e d  in  m e l a n o g e n e s i s ,  b u t  t h e  

t y r o s i n a s e - r e l a t e d  p r o t e i n s  ( T R P - 1 )  a n d  ( T R P - 2 )  a s  w e l l  [ 5 ] .

E u m e l a n i n ,  t h e  d a r k - b r o w n  p i g m e n t ,  i s  o x i d i z e d  t h r o u g h  a  s e r i e s  o f  s t e p s .  

A f t e r  d o p a q u i n o n e  i s  c y c l i z e d  t o  l e u c o d o p a c h r o m e  i n  a  r a p id ,  n o n - e n z y m a t i c  r e a c t i o n .  

A  r a p id  o x i d a t i o n  o f  l e u c o d o p a c h r o m e ,  c a t a l y z e d  b y  d o p a q u i n o n e ,  g i v e s  a  r e d  

p i g m e n t  d o p a c h r o m e .  T h e n  d o p a c h r o m e  i s  c o n v e r t e d  t o  5 , 6 - d i h y d r o x y i n d o l e  ( D H I )  

b y  d e c a r b o x y l a t i o n  o r  i n  s m a l l e r  a m o u n t s ,  t o  5 , 6 , - d i h y d r o x y i n d o l e - 2 - c a r b o x y l i c  a c i d  

( D H I C A )  b y  t a u t o m e r i z a t i o n .  T h e  f i r s t  r e a c t i o n  h a s  r e c e n t l y  b e e n  p o s t u l a t e d  b y  

B a r t e r  e t  a h ,  a b o u t  n e w  e n z y m e ,  d o p a c h r o m e  o x i d o r e d u c t a s e  w h i c h  i s  t h o u g h t  t o  

c o n v e r t  d o p a c h r o m e  t o  5 , 6  d i h y d r o x y i n d o l e  [ 7 ] .  T h e  l a t e r  r e a c t i o n  i s  c a t a l y z e d  b y  a  

d o p a c h r o m e  t a u t o m e r a s e ,  o r i g i n a l l y  c a l l e d  d o p a c h r o m e  c o n v e r s i o n  f a c t o r .  N e x t ,  i t  i s  

f u r t h e r  o x i d i z e d  t o  g i v e  e u m e l a n i n  p o l y m e r  ( s e e  F i g u r e  4 A ,  4 B ) .  T h e  f i n a l  s t e p  o f  

c o n v e r s i o n  o f  D H I ,  D H I C A  o r  m i x e d  o l i g o m e r s  t o  e u m e l a n i n  i s  l i t t l e  u n d e r s t o o d .  

H o w e v e r ,  t h e  e n z y m e  i n v o l v e d  i n  t h e  r e a c t i o n  f r o m  d o p a c h r o m e  t o  m e l a n i n  i s  s t i l l  

d e b a t a b l e  [ 1 0 , 1 1 ] .

A c c o r d i n g  t o  P r o t a  ( 1 9 8 0 ) ,  P h a e o m e l a n i n ,  t h e  y e l l o w  o r  r e d  p i g m e n t ,  c o m e s  

f r o m  t h e  e n c o u n t e r  o f  d o p a q u i n o n e  w i t h  e i t h e r  c y s t e i n e  o r  g l u t a t h i o n e  ( G S H )  r e s u l t i n g  

in  t h e  f o r m a t i o n  o f  c o m m o n  i n t e r m e d i a t e ,  5 - S - c y s t e i n y l d o p a s  ( c y s - d o p a s )  w h i c h  i s  

f u r t h e r  q u i c k l y  o x i d i z e d  i n t o  t h e  b e n z o t h i a z i n e s  a n d  t r a n s f o r m e d  t o  p h a e o m e l a n i n  

( F i g u r e  5 ) [ 7 ] .  T h e  c y s t e i n y l d o p a s  c o u l d  a l s o  r e s u l t  f r o m  t h e  c o m b i n a t i o n  o f  

g l u t a t h i o n e  w i t h  d o p a q u i n o n e  b y  a - g l u t a m y l t r a n s f e r a s e  t o  c o r l o r l e s s  g l u t a t h i o n e d o p a

[7].
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DH I GA

0 .  rnoxxDASf; 0 -  KrTAL lots ■1 0 . nVOSHASK

F i g u r e  4 B .  S c h e m a t i c  o u t l i n e  o f  t h e  l a t e r  s t a g e s  o f  t h e  m e l a n o g e n e s i s
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Tyrosine DOPA Dopaquinone

5 -S-Cysteinyl
dopaquinone

w y y y c o >h

y Y  ^
ho1c "^n ^ ' s

Dihydro-1 ,4 -benzothiazine- 
3 -carboxylic acid

PHAEOMELANIN

HO.C

° > ^ S ^ vY ' CO,H

X J
Cyclocysdopa-
quinominine(s)

F i g u r e  5 .  S c h e m a t i c  o u t l i n e  o f  t h e  s y n t h e s i s  o f  t h e  p h a e o m e l a n i n
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M e l a n o s o m e  m o v e m e n t

T h e  m e c h a n i s m  o f  t h e  m e l a n o s o m e  m o v e m e n t  w i t h i n  t h e  m e l a n o c y t e  i s  s t i l l  

u n c l e a r .  H o w e v e r ,  f r o m  t h e  s t u d i e s  in  f i s h  a n d  a m p h i b i a n  ( f o g  s k i n ) ,  t h r e e  p o s s i b l e  

m e c h a n i s m s  h a v e  b e e n  p r o p o s e d :

1 . A  c h a n g e  i n  t h e  i n t r a c e l l u l a r  c u r r e n t  f l o w  r e s u l t i n g  f r o m  l o c a l  d i f f e r e n c e s  in  

m e m b r a n e  p o t e n t i a l  b e t w e e n  t h e  c e n t r a l  a n d  p e r i p h e r a l  p a r t s  o f  t h e  c e l l  ( t h e  

e l e c t r o p h o r e s i s  t h e o r y )  [ 7 ,9 ]

2 .  T h e  i o n i c  r e l e a s e  o r  e x c h a n g e  o f  m e m b r a n e - b o u n d  i o n s  ( t h e  i o n - e x c h a n g e  

t h e o r y )  [ 7 , 9 ]

3 .  S o l  a n d  g e l  t r a n s f o r m a t i o n  w h i c h  c a u s e  c h a n g e s  i n  h y d r o s t a t i c  p r e s s u r e  o f  

c y t o p l a s m  ( t h e  s o l - g e l  t r a n s f o r m a t i o n  t h e o r y )

R e c e n t l y ,  a  n e w  h y p o t h e s i s  c a l l e d  “ t h e  m i c r o t u b u l e  t h e o r y ”  h a s  b e e n  p r o p o s e d

[ 9 ]  . I n  t h i s  t h e o r y ,  t h e  m o v e m e n t  o f  m e l a n o s o m e  m a y  o c c u r  w i t h i n  c h a n n e l s  

s u r r o u n d e d  b y  m i c r o t u b u l e s .  M o r e o v e r ,  J i m b o w  a n d  c o w o r k e r s  f o u n d  t h e  

m e l a n o c y t e s  c h a r a c t e r i s t i c a l l y  c o n t a i n  1 0 0 - A 0  f i l a m e n t  w h i c h  a r e  i n v o l v e d  n o t  o n l y  in  

t h e  e l o n g a t i o n  o f  t h e  d e n d r i t e ,  b u t  a l s o  i n  t h e  m o v e m e n t  o f  m e l a n o s o m e .

T r a n s f e r  o f  m e l a n o s o m e s  t o  k é r a t i n o c y t e s

M e l a n o s o m e s ,  w h i c h  a r e  t r a n s f e r r e d  f r o m  m e l a n o s o m e  t o  k é r a t i n o c y t e s ,  a r e  

f o u n d  e i t h e r  d i s c r e t e  p a r t i c l e s  ( n o n a g g r e g a t e s )  o r  a g g r e g a t e s  o f  t w o  o r  m o r e  p a r t i c l e s  

w i t h i n  m e m b r a n e - l i m i t e d  v e s i c l e  [ 9 ] .  T h e s e  s t r u c t u r e s  a r e  c a l l e d  “ m e l a n o s o m e  

c o m p l e x ” . I n  t h e  C a u c a s o i d  ( w h i t e )  s k i n ,  m e l a n o s o m e  c o m p l e x  i n  k e l a t i n o c y t e s  

a p p e a r s  s m a l l e r  a n d  p r e d o m i n a n t l y  a g g r e g a t e s  w h e r e a s  N e g r o i d  ( b l a c k )  s k i n  a n d  in  

t h e  d a r k  h a i r  o f  a l l  r a c e s ,  m e l a n o s o m e  a r e  l a r g e  a n d  r e m a i n  d i s c r e t e .  D i f f e r e n c e  in  

m e l a n o s o m e  s i z e  t h a t  i s  o b s e r v e d  i n  v a r i o u s  r a c e s  a n d  s k i n  t y p e  i s  s h o w n  i n  t a b l e  2

[ 1 0 ]  .

T h e  p r o c e s s e s  i n  w h i c h  m e l a n o s o m e s  t r a n s f e r r e d  f r o m  t h e  t i p  o f  d e n d r i t e  i n t o  

m e l a n o s o m e  a n d  d i s p e r s e d  s i n g l y  o r  a s  a  c o m p l e x  h a v e  2  e x p l a n a t i o n s .  F i r s t l y ,  

m e l a n o c y t i c  d e n d r i t e  c o n t a c t s  t h e  c e l l  m e m b r a n e  o f  t h e  k é r a t i n o c y t e  w h i c h  t h e n  p i n c h
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o f f  i t s  t i p s  c o n t a i n i n g  m e l a n o s o m e s  a n d  e n c l o s e s  b o t h  w i t h i n  a  p h a g o c y t i c  v a c u o l e .  

T h i s  p o s t u l a t e  p r e s e n t s  t h a t ,  a t  l e a s t  i n i t i a l l y ,  t h e  p h a g o c y t i c  v a c u o l e  p o s s e s  a  d o u b l e  

m e m b r a m e - o n e  o f  k e r a t i n i c y t e  o r i g i n ,  t h e  o t h e r  o f  m e l a n o c y t i c  o r i g i n .  A n o t h e r  

p o s t u l a t e s  p r e s e n t  t h a t  m e l a n o s o m e s  a r e  s e c r e t e d  e x t r a c e l l u l a r l y  f r o m  t h e  t i p s  o f  t h e  

m e l a n o c y t i c  d e n d r i t e  a n d  t h e n  e n g u l f e d  b y  t h e  k é r a t i n o c y t e s  [ 9 ] ,



Table 2. Relationship among skin color, size and distribution pattern of melanosomes and skin type classification*

S k i n  c o l o r S i z e  o f  m e l a n o s o m e s
T y r o s i n a s e  a c t i v i t y  

i n  m e l a n o c y t e s

D i s t r i b u t i o n  o f  

m e l a n o s o m e s  i n  

e p i d e r m a l  k é r a t i n o c y t e s

A p p r o x i m a t e  n u m b e r  

o f  m e l a n o s o m e s  p e r  

b a s a l  k é r a t i n o c y t e *

S k i n  t y p e * *

H e a v i l y  p ig m e n t e d  s k in  o f  

A f r ic a n ,
A m e r ic a n  N e g r o e s  a n d  

A u s t r a l ia n  A b o r ig in e s

0 . 7 - 0 . 8  p m  

0 . 3 - 0 . 4  p m
M a r k e d S i n g l e ,  N o n a g g r e g a t e d 4 0 0  ± 3 5 V I

M o d e r a t e ly  p ig m e n t e d  s k in  

o f  M o n g o l o i d s  

( A m e r ic a n  I n d ia n s )

0 . 5 - 0 . 7  p m  

0 . 2 - 0 . 4  p m M o d e r a te
M ix e d
N o n a g g r e g a t e d  

a s  w e l l  a s  a g g r e g a t e d
2 5 0  ± 5 0

V
V I

M o d e r a t e ly  p ig m e n t e d  s k in  

o f  C a u c a s o id  ( E a s t  I n d ia n s ,  
I ta l ia n s ,  E g y p t ia n s )

0 . 5 - 0 . 7  p m  

0 . 2 - 0 . 4  p m M o d e r a te
P r e d o m in a n t ly
a g g r e g a t e d

2 0 0  ± 5
II

III

L ig h t ly  p ig m e n t e d  s k in  o f  

C a u c a s o i d  ( f a i r  s k i n n e d  

A m e r ic a n s ,  B r it is h ,  F r e n c h ,  
G e r m a n s )

0 . 4 - 0 . 6  p m  

0 . 2 - 0 . 4  p m W e a k
P r e d o m in a n t ly
a g g r e g a t e d

1 0 0  ± 5 0
I

II
III

*  B a s e d  o n  r a n d o m  c a l c u l a t i o n s  o f  5 0  k é r a t i n o c y t e s  i n  b a s a l  l a y e r .

* *  E s t i m a t e  o f  s e n s i t i v i t y  t o  U V B  e r y t h e m a  b a s e d  o n  t h e  h i s t o r y  o f  s u n b u r n  a n d  c a p a c i t y  o f  t a n .
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D e g r a d a t i o n  o f  m e l a n o s o m e s  [ 7 , 9 ]

M e l a n o s o m e s  a r e  s u b j e c t e d  t o  d e g r a d a t i o n  b y  l y s o s o m e  e n z y m e s .  T h e  s p e c i f i c  

e n z y m e s  i n v o l v e d  i n  t h i s  p r o c e s s  a r e  s t i l l  u n c l e a r .  B e c a u s e  t h e  m e l a n o s o m e  o f  

N e g r o i d s  a r e  l a r g e r  t h a n  C a u c a s o i d s ,  d e g r a d a t i o n  s e e m s  t o  t a k e  a  l o n g e r  t i m e .

M e l a n i n  F u n c t i o n s  [ 8 ]

M e l a n i n  i s  k n o w n  a s  a  f i l t e r  a n d  p r o t e c t s  c e l l  b y  a b s o r p t i o n  o f  u v  l i g h t  

p e n e t r a t i n g  t o  t h e  e p i d e r m i s .  B e c a u s e  t h e  s m a l l e r  p r o p o r t i o n  o f  t h e  u v  c a n  r e a c h  t h e  

b a s i l a r  l a y e r ,  t h e  a m o u n t  o f  D N A  d a m a g e  i s  d e c r e a s e d  b y  5 0 %  b y  t h e  p r e s e n c e  o f  

m e l a n i n  i n  t h e  e p i d e r m i s  [ 8 ] ,

T h e  g e n e r a t i o n  o f  r a d i c a l  o x y g e n  ( o x y g e n  w i t h  u n p a i r  e l e c t r o n )  o r  s i n g l e t  

o x y g e n  ( e l e c t r o n s  l o c a t e d  i n  h i g h  e n e r g y  o r b i t a l )  b y  u l t r a v i o l e t  l i g h t  i n c l u d i n g  t h e  

a b u n d a n c e  o f  n o r m a l  r a d i c a l  f o u n d  i n  t h e  s k i n  s u c h  a s  h y d r o g e n  p e r o x i d e ,  h y d r o x y l  

r a d i c a l s ,  a n d  s u p e r o x i d e s  b r i n g  a b o u t  m u t a t i o n ,  D N A  d a m a g e ,  c a n c e r s  a n d  c e l l  d e a t h .  

N o t  o n l y  u v  l i g h t ,  b u t  a l s o  a l l  f o r m s  o f  t h e  i n f l a m m a t i o n  p r o d u c e  a  v a r i e t y  o f  h i g h  

e n e r g y  o x y g e n s  s u c h  a s  a r a c h i d o n i c  a c i d ,  p r o s t a g l a n d i n s ,  a n d  l e u k o t r i e n e s .  H o w e v e r ,  

t h e  b o d y  c e l l s  h a v e  s e v e r a l  m e c h a n i s m s  o r  s c a v e n g e r s  s u c h  a s  a s c o r b i c  a c i d ,  

g l u t a t h i o n e ,  a n d  c a r o t e n e  t o  e l i m i n a t e  h i g h - e n e r g y  o x y g e n .  M e l a n o c y t e s  a r e  t h o u g h t  

t o  b e  a  s c a v e n g e r  a n d  r a d i c a l  r e m o v e r  f r o m  t h e  s u r r o u n d i n g  c e l l  s u c h  a s  k é r a t i n o c y t e s  

a n d  L a n g e r h a n s  c e l l  b y  o x i d a t i o n  o f  t y r o s i n e  t o  f o r m  m e l a n i n .  B y  t h i s  w a y ,  r a d i c a l  

a n d  t o x i c  b y - p r o d u c t s  a r e  r e m o v e d  [ 8 ] .
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R e g u l a t i o n  o f  m e l a n o g e n e s i s  [ 5 , 8 , 1 2 ]

U l t r a v i o l e t  L i g h t  [ 8 ,5 ]

U l t r a v i o l e t  l i g h t ,  e s p e c i a l l y  uv B  ( 2 9 0 - 3 2 0  n m )  i s  t h e  m o s t  e f f e c t i v e  t a n n i n g  

s p e c t r u m .  T w o  t y p e s  o f  p i g m e n t a t i o n  o f  t h e  s k i n  i n  h u m a n s  o c c u r  i n  r e s p o n s e  t o  รนท  

e x p o s u r e  [ 5 ] ,  O n e  i s  i m m e d i a t e  p i g m e n t  d a r k e n i n g  ( I P D ) ,  r e f e r r e d  a s  a  M e i r o w s k y  

p h e n o m e n o n .  T h i s  h y p e r p i g m e n t  i s  i n d u c e d  b y  l o n g  w a v e  uv l i g h t .  I t  i s  t e m p o r a r y ,  

r a p i d l y  i n d u c e d ,  a n d  s o o n  r e c o v e r e d .  A n o t h e r  i s  t h e  i n c r e a s e d  p i g m e n t a t i o n  t h a t  

f o l l o w s  t h e  e r y t h e m a  r e s p o n s e .  T h i s  i s  t h e  d e l a y e d  t a n n i n g  r e a c t i o n  ( D T )  a n d  c a n  b e  

s e e n  4 8 - 7 2  h r . a f t e r  e x p o s u r e  t o  uv L i g h t  [ 8 ] .

A  c l a s s i f i c a t i o n  o f  s u n - r e a c t i v e  s k i n  t y p e  b a s e d  o n  s u n b u r n  a n d  t a n n i n g  h i s t o r y  

( T a b l e  3 )  i s  n o w  g e n e r a l l y  u s e d .  I n  p e o p l e  w i t h  t y p e  I I I  o r  I V  w h o  t a n  w e l l ,  t h e r e  i s  a  

s i g n i f i c a n t  i n c r e a s e  i n  t h e  q u a n t i t y  o f  m e l a n i n  w i t h i n  t h e  e p i d e r m i s  a f t e r  U V B  b e c a u s e  

m e l a n o s o m e s  i n c r e a s e  i n  e x p o s u r e  t o  n u m b e r  a n d  l a r g e r  s i z e ,  b u t  t h i s  m e c h a n i s m  i s  

n o t  k n o w n .  H o w e v e r ,  t h e  s t u d i e s  o f  F r i e d m a n n  a n d  G i l c h r e s t  i n  c u l t u r e  s u g g e s t  t h a t  

t h e  c e l l  h a v e  in t e r n a l  p h o t o r e c e p t o r  r e s p o n s i b l e  f o r  g e n e r a t i n g  o x y g e n  r a d i c a l s  w h e n  

a c t i v a t e d  b y  U V B .  A f t e r  e x p o s u r e  t o  U V B ,  e p i d e r m i s  t e n d s  t o  r e l e a s e  e i c o s a n o i d  

s u c h  a s  p r o s t a g l a n d i n .  P r o s t a g l a n d i n  E  ( P G E )  a n d  P r o s t a g l a n d i n  D  ( P G D )  e n h a n c e  

m e l a n i n  f o r m a i t o n  w h e r e a s  P r o s t a g l a n d i n  A  ( P G A )  s u p p r e s s e s  t y r o s i n a s e  a c t i v i t y .

U V A  ( 3 2 0 - 4 0 0 n m )  c a n  a l s o  i n d u c e  t a n n i n g  b y  i n d u c i n g  m e l a n i n  s y n t h e s i s  a n d  

t h e  t r a n s f e r  o f  m e l a n o s o m e s  t o  a d j a c e n t  k é r a t i n o c y t e s .  U n l i k e  U V B  e x p o s u r e ,  t h e  

o n l y  n u m b e r  o f  m e l a n o s o m e s  i n c r e a s e  w i t h  c o n s t a n t  s i z e  [ 8 ] .
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T a b l e  3 .  C l a s s i f i c a t i o n  o f  S u n - r e a c t i v e  S k i n  T y p e s :

S k i n  t y p e ร น ท  s e n s i t i v i t y P i g m e n t a r y  r e s p o n s e

I V e r y  s e n s i t i v e ,  a l w a y s  b u m  e a s i l y L i t t l e  o r  n o  t a n

II V e r y  s e n s i t i v e ,  a l w a y s  b u r n M i n i m a l  t a n

III S e n s i t i v e ,  b u m  m o d e r a t e l y T a n  g r a d u a l l y ( l i g h t  b r o w n )

I V M o d e r a t e l y  s e n s i t i v e ,  b u m  m i n i m a l l y T a n  e a s i l y  ( b r o w n )

V M i n i m a l l y  s e n s i t i v e ,  r a r e l y  b u m T a n  d a r k l y  ( d a r k  b r o w n )

V I I n s e n s i t i v e ,  n e v e r  b u r n D e e p l y  p i g m e n t e d  ( b l a c k )
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I n f l a m m a t i o n

P e o p l e  w h o  h a v e  t h e  t y p e  I a n d  t y p e  II  s k i n  d o  n o t  t a n  w e l l ;  d i f f e r e n t  f r o m  t y p e  

I I I  a n d  I V  w h o  r a p i d l y  r e s p o n d  t o  m o s t  i n f l a m m a t o r y  s t i m u l i  s u c h  a s  m i l d  t h e r m a l  

b u m s ,  c o l d ,  m e c h a n i c a l  a b r a s i o n s ,  w o u n d  h e a l i n g ,  o r  d e r m a t i t i s  o f  a n y  f o r m  b e c a u s e  

o f  l a c k i n g  t h e  e s s e n t i a l  p r o c e s s e s  t o  p r o d u c e  p i g m e n t .

M e l a n o t r o p i n

A  p r e c u r s o r  p r o t e i n ,  p r o o p i o m e l a n o c o r t i n ,  i n  t h e  p i t u i t a r y  p r o d u c e  v a r i e t y  o f  

p e p t i d e s  c l e a v e d  in t o  s m a l l e r  p e p t i d e s  s u c h  a s  a - M S H ,  a d r e n o c o r t i c o t r o p i c  h o r m o n e  

( A C T H ) ,  p  l i p o t r o p i n ,  P ' M S H ,  a n d  e n d o r p h i n .  P - M S H  p r o b a b l y  i s  n o t  a  b i o l o g i c a l l y  

r e l e v a n t  m o l e c u l e  in  h u m a n s .  a - M S H  i s  s a i d  t o  b e  i m p o r t a n t  t o  h y p e r p i g m e n t a t i o n  

o b s e r v e d  i n  p a t i e n t s  w i t h  a d r e n a l  i n s u f f i c i e n c y .  I n  t i s s u e  c u l t u r e ,  m e l a n o m a  c e l l s  a n d  

h u m a n  m e l a n o c y t e s  r e s p o n d  t o  a - M S H  b y  i n c r e a s i n g  t y r o s i n a s e  a c t i v i t y  a n d  m e l a n i n  

s y n t h e s i s .  M o r e o v e r ,  i n t r a c e l l u l a r  c y c l i c  A M P  c o n c e n t r a t i o n s  a n d  c y c l i c  A M P -  

d e p e n d e n t  a c c o m p a n i e d  w i t h  c a l c i u m  i o n s  o r  f o r m a t i o n  o f  p r o s t a g l a n d i n  f o u n d  t o  

r a p i d l y  i n c r e a s e  a f t e r  a d d i n g  o f  a - M S H  [ 8 ] ,  M e c h a n i s t i c a l l y ,  t h e  e f f e c t  o f  M S H  i s  

c o m m o n l y  e x p l a i n e d  a s  d u e  t o  b i n d i n g  o f  M S H  t o  a  s p e c i f i c  r e c e p t o r  o n  t h e  

m e l a n o c y t e  m e m b r a n e .  T h i s  r e s u l t s  i n  t h e  a c t i v a t i o n  o f  c y c l i c  A M P - i n d e p e n d e n t  

p r o t e i n  k i n a s e  a n d  s u b s e q u e n t  p h o s p h o r e l a t i o n  o f  o n e  o r  m o r e  p r o t e i n s  t o  i n i t i a t e  t h e  

s o - c a l l e d  c a s c a d e  o f  e v e n t s  l e a d i n g  t o  a n  i n c r e a s e  i n  t y r o s i n a s e  a n d  s u b s e q u e n t  

s t i m u l a t i o n  o f  m e l a n o g e n e s i s  ( F i g u r e  6 ) [  11 ] .
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F i g u r e  6 .  M o d e l  f o r  M S H  a c t i v a t i o n  o f  m e l a n o c y t e  t y r o s i n a s e  a n d  

m e l a n i n  s y n t h e s i s  ( H a d l e y ,  1 9 8 8 )
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P r o s t a g l a n d i n s  a n d  L e u k o t r i e n e s

E p i d e r m i s  t e n d s  t o  r e l e a s e  e i c o s a n o i d s  s u c h  a s  p r o s t a g l a n d i n  E  ( P G E )  a n d  

P r o s t a g l a n d i n  D  ( P G D )  w h i c h  e n h a n c e  m e l a n o g e n e s i s  w h e r e a s  P r o s t a g l a n d i n  A  

( P G A )  s u p p r e s s e s  m e l a n o g e n e s i s  [ 8] .  I n  m e l a n o m a  c e l l s ,  L e u k o t r i e n e  C 4 ( L T C 4)  a c t  

a s  a  m i t o g e n  b y  s t i m u l a t i n g  m e l a n o c y t e s .

1 , 2 5 - D i h y d r o x y  V i t a m i n  D 3

W h e n  t h e  s k i n  i s  e x p o s e d  t o  U l t r a  v i o l e t  l i g h t ,  7 - d e h y d r o c h l o r e s t e r o l  i n  t h e  

k é r a t i n o c y t e s  i s  c o n v e r t e d  i n t o  c h o l e c a l c i f e r o l .  T h i s  c o m p o u n d  f u r t h e r  a c t i v a t e s  

e n z y m e  p h o s p h o l i p a s e  A 2 a n d  c a u s e s  t h e  r e l e a s e  o f  a r a c h i d o n i c  a c i d  b e f o r e  

c o n v e r s i o n  i n t o  v i t a m i n  D 3. A t  p r e s e n t ,  a  v i t a m i n  D 3 r e c e p t o r  i s  f o u n d  o n  n o r m a l  

h u m a n  m e l a n o c y t e s .  T h e  d i h y d r o x y l a t e d  v i t a m i n  D  a n d  2 5 - h y d r o x y  v i t a m i n  D 3 

a p p e a r  t o  s u p p r e s s  t y r o s i n a s e  a c t i v i t y  o f  h u m a n  m e l a n o c y t e s  [ 10] .

I n t e r l e u k i n s ,  L y m p h o k i n e s ,  a n d  I n t e r f e r o n

T h e r e  i s  a  r e p o r t  b y  S w o p e  a n d  c o - w o r k e r s  t h a t  I L - 1  c a n  i n h i b i t  m e l a n o g e n e s i s  

e f f e c t  b y  d e c r e a s i n g  t y r o s i n a s e  a c t i v i t y  b o t h  i n  m u r i n e  m e l a n o m a  c e l l s  a n d  i n  n o r m a l  

h u m a n  m e l a n o c y t e s  g r o w i n g  i n  c u l t u r e .  I L - 1  a l s o  b l o c k s  t h e  m e l a n i z i n g  e f f e c t  o f  a -  

M S H ,  P E G ,  c y c l i c  A M P ,  a n d  o t h e r  a g e n t s .  T h i s  l a t e r  o b s e r v a t i o n  s u g g e s t s  

m e l a n o c y t e s  h a v e  a  r e c e p t o r  f o r  I L - 1 .  N o t  o n l y  I L - 1  c a n  d e c r e a s e  i n  t y r o s i n a s e  a n d  

p r o l i f e r a t i o n ,  b u t  a l s o  I L -6 a n d  t u m o r  n e c r o s i s  f a c t o r - a  c a n .  N e v e r t h e l e s s ,  T h i s  

m e c h a n i s m  b y  w h i c h  t h e s e  l y m p h o k i n e s  a l t e r  t h e  p i g m e n t a r y  s y s t e m  i s  u n d e r  

i n v e s t i g a t i o n .  B e s i d e s ,  I n t e r f e r o n - y  i s  r e p o r t e d  f r o m  K a m e y a m a  a n d  c o - w o r k e r s  t h a t  

p r o b a b l y  a l t e r  t h e  s u r f a c e  r e c e p t o r s  f o r  M S H  r e s u l t i n g  i n  e x h i b i t s  s y n e r g i s t i c  

m e l a n o g e n e s i s  w h e n  c o m b i n a t i o n  w i t h  a - M S H .

B a s i c  F i b r o b l a s t  G r o w t h  F a c t o r  ( b F G F )

I t  i s  s y n t h e s i z e d  b y  k é r a t i n o c y t e s  a n d  r e l e a s e d  i n  e p i d e r m i s .  I n  c u l t u r e ,  b F G F  

i s  n e c e s s a r y  f o r  t h e  m a i n t e n a n c e  o f  n o r m a l  m e l a n o c y t e s .  T h e  r e c e p t o r  o f  b F G F  i s  

a l s o  f o u n d  a t  t h e  s u r f a c e  o f  m e l a n o c y t e s .
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N e r v e  G r o w t h  F a c t o r

T h e  r e c e p t o r  o f  N e r v e  G r o w t h  F a c t o r  i s  a l s o  f o u n d  a t  t h e  s u r f a c e  o f  

m e l a n o c y t e s .  I t  m a y  b e  i m p o r t a n t  i n  t h e  m i g r a t i o n  o f  m e l a n o c y t e s .

H i s t a m i n e

F r o m  t h e  l a b o r a t o r i e s ,  m a s t  c e l l  p r o d u c t  s h o w s  m e l a n i z e d  s t i m u l a t i o n  b y  

i n c r e a s i n g  o f  t y r o s i n a s e  a c t i v i t y  w h e n  h i s t a m i n e  i s  a d d e d  t o  m e l a n o m a  c u l t u r e .

B . W h ite n in g  A g e n ts

B e c a u s e  t y r o s i n a s e  p l a y s  a  k e y  r o l e  i n  m e l a n i n  b i o s y n t h e s i s ,  m a n y  p e o p l e  h a v e  

t r i e d  t o  f i n d  s u b s t a n c e s  t h a t  c a n  e i t h e r  b l o c k  t h e  s y n t h e s i s  o f  t y r o s i n a s e  o r  i n h i b i t  i t s  

a c t i v i t y  s o  t h a t  t h e  f o r m a t i o n  o f  m e l a n o g e n e s i s  i s  p r e v e n t e d .  M o r e o v e r ,  t h e y  t r i e d  t o  

c o m b i n e  s e v e r a l  c o m p o u n d s  w i t h  d i f f e r e n t  m e c h a n i s m s  t o  a c h i e v e  t h e  m o s t  e f f i c i e n t  

a n d  l e a s t  t o x i c  s k i n  l i g h t e n i n g  e f f e c t .  S o m e  o f  t h e  w h i t e n i n g  i n g r e d i e n t s  c a n  b e  

d e s c r i b e d ,  e a c h  h a v i n g  a  d i f f e r e n t  o f  a c t i o n  a n d  i n t e r f e r i n g  i n  d i f f e r e n t  w a y s  i n  t h e  

p r o c e s s e s  o f  t a n n i n g  a s  d e s c r i b e d  a b o v e .

1 .  S u p p r e s s i o n  o f  t h e  f o r m a t i o n  o f  t y r o s i n a s e

O n l y  a  f e w  a c t i v e  i n g r e d i e n t s  a r e  r e c e n t l y  k n o w n  t o  h a v e  t y r o s i n a s e  a b i l i t y  

s u p p r e s s i o n .  T h e  b e s t  k n o w n  a c t i v e  i s  n a t u r a l  L  ( + )  l a c t i c  a c i d  a n d  i t s  l a c t a t e  s a l t .

L a c t i c  a c i d  a n d  L a c t a t e s  [ 1 3 , 1 4 , 1 5 ]

L a c t i c  a c i d ,  o n e  o f  A H A  ( a - h y d r o x y  a c i d ) ,  w a s  d i s c o v e r e d  i n  1 7 8 0  b y  t h e  

S w e d i s h  c h e m i s t  c.w. S c h e e l e  a n d  i s  o f f i c i a l l y  k n o w n  a s  2 - h y d r o h y p r o p i o n i c  a c i d  

[ 1 3 ] .  L a c t i c  o c c u r s  i n  t w o  f o r m s  o f  o p t i c a l  a c t i v e  m o l e c u l e ,  t h e  L ( + )  f o r m  ( n a t u r a l  

l a c t i c )  w h i c h  i s  f o u n d  i n  h u m a n  b o d y  a n d  p r o d u c e d  b y  f e r m e n t a t i o n  p r o c e d u r e s  a n d  

m e t a b o l i c  r e a c t i o n ,  a n d  t h e  s y n t h e t i c  f o r m  ( ( 5 0 : 5 0 )  L ( + )  ะ D ( - ) ) .  I n  a d d i t i o n ,  L ( + )  

l a c t i c  a c i d  i s  a l s o  p r e s e n t  i n  b l o o d ,  m u s c l e s ,  o r g a n s ,  h a i r  a n d  s k i n .  T h e  D ( - )  f o r m s  c a n  

a l s o  b e  p r o d u c e d  s e l e c t i v e l y  v i a  f e r m e n t a t i o n  b y  c e r t a i n  s t r a i n s  o f  b a c t e r i a  [ 1 4 ] .  T h e  

b e n e f i t s  o f  n a t u r a l  L ( + )  a n d  l a c t a t e s  t o  s k i n  h a v e  b e e n  k n o w n  f o r  a g e s .  C l e o p a t t r a  

u s e d  t o  t a k e  b a t h s  c o n t a i n i n g  g o a t  m i l k  a n d  l o n g  a g o  w o m e n  w a s h e d  t h e i r  f a c e s  w i t h
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w i n e .  A l t h o u g h  u n a w a r e  o f  t h e  p r i n c i p l e s ,  t h e y  t o o k  a d v a n t a g e  o f  t h e  b e n e f i c i a l  

p r o p e r t i e s  o f  t h e  l a c t i c  a c i d  a n d  l a c t a t e .

O v e r  t h e  y e a r s ,  s c i e n t i s t s  h a v e  a c q u i r e d  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  

s t r u c t u r e  o f  t h e  s k i n ,  t h e  c o m p o u n d s  p r e s e n t  a n d  t h e i r  m e c h a n i s m  o f  a c t i o n .  O n e  

i m p o r t a n t  d i s c o v e r y  w a s  t h e  g r o u p  o f  s k i n  c o m p o u n d  k n o w n  a s  t h e  N a t u r a l  

M o i s t u r i z i n g  F a c t o r  ( N M F ) ,  w h i c h  m a i n t a i n  t h e  w a t e r  i n  t h e  s k i n .  S o d i u m  l a c t a t e s  

h a v e  b e e n  h y p o t h e s i z e d  t o  b e  p a r t  o f  s k i n ’ s  o w n  n a t u r a l  m o i s t u r i z i n g  s y s t e m .  S e v e r a l  

c l i n i c a l  a n d  i n  v i t r o  s t u d i e s  h a v e  s h o w n  t h a t  t o p i c a l l y  a p p l i e d  s o d i u m  l a c t a t e  w i l l  b e  

a b s o r b e d  b y  t h e  s k i n  a n d  l e a d  t o  m o i s t u r i z e d ,  s o f t e n e d  s k i n .  F u r t h e r m o r e ,  i n  t h e  

c o s m e t i c  i n d u s t r y ,  l a c t i c  a c i d  a n d  i t s  s a l t s  a r e  a d d e d  i n t o  f o r m u l a t i o n  f o r  a  g o o d  

b u f f e r ,  e f f e c t i v e  h u m e c t a n t s ,  n a t u r a l  p r e s e r v a t i v e ,  s a f e ,  a n d  a c t  a s  a  p a r t  o f  N M F .  I t  i s  

f u r t h e r  k n o w n  t h a t  L ( + )  l a c t i c  a c i d  i s  u s e d  i n  t r e a t m e n t  o f  s o m e  t y p e s  o f  a c n e  s i n c e  i t  

i s  e f f e c t i v e  a g a i n s t  t h e  p r o p i o b a c t e r i u m  a c n e .  I n  t h e  T a k a h a s h i  e t  a l  s h o w e d  t h a t  

s o d i u m  l a c t a t e  r e t a i n s  t h e  w a t e r  l o n g e r  i n  t h e  s t r a t u m  c o m e u m  t h a n  t h e  s k i n  a n d  t h a t  i t  

g a v e  h i g h e r  s k i n - s o f t e n i n g  [ 1 5 ] .

L a c t i c  a c i d  u s e d  a s  e x f o l i a t i v e  a n d  s k i n  w h i t e n i n g  a g e n t

M o r e  r e c e n t l y ,  t h e  s k i n  l i g h t e n i n g  p r o p e r t i e s  o f  l a c t i c  a c i d  a n d  l a c t a t e s  h a v e  

b e c o m e  o b v i o u s .  S e v e r a l  s t u d i e s  a n d  p u b l i c a t i o n s  h a v e  r e p o r t e d  t h e  w h i t e n i n g  

p r o p e r t i e s  o f  n a t u r a l  L ( + )  l a c t i c  a c i d  a n d  l a c t a t e s .  A t  l o w  c o n c e n t r a t i o n  ( 5 % ) ,  i t  

s t i m u l a t e s  e p i d e r m a l  t u r n o v e r  o f  c e l l s  ( e x f o l i a t i o n )  a n d  h a s  p o t e n t i a l  t o  m e d i a t e  l o n g  

t e r m  s k i n  i m p r o v e m e n t ;  t h i s  o c c u r r e d  a t  l o w  p H .  A t  p H  o f  s k i n  l e v e l  ( 5 - 5 . 5 ) ,  t h e  

e x f o l i a t i v e  a c t i o n  o f  l a c t i c  a c i d  i s  o n l y  m o d e s t  b e c a u s e  m o s t  o f  t h e  l a c t i c  a c i d  i s  

a v a i l a b l e  i n  i t s  s a l t  f o r m  ( s o d i u m  l a c t a t e  o r  o t h e r  s a l t  o f  l a c t i c  a c i d ) .  N e x t  t o  t h a t ,  

S t i l l e r  e t  a l  f o u n d  t h a t  l a c t a t e  r e d u c e s  a g e  s p o t s  o n  p h o t o d a m a g e d  s k i n  w h e r e a s  

g l y c o l i c  a c i d  d i d  n o t  s h o w  a  s i g n i f i c a n t  e f f e c t .  T h e s e  c o n f i r m  t h a t  t h e  p e r f o r m a n c e  o f  

l a c t a t e s  g o  b e y o n d  t h e  e x f o l i a t i v e  a c t i o n .  I f  f o r m u l a t e d  a t  l o w  p H ,  I t  i s  p r e s u m e d  t h a t  

t h e  e x f o l i a t e  a c t i o n  o f  l a c t i c  a c i d  i s  b y  s p e e d i n g  o f  t h e  e p i t h e l i a l  c e l l s  f r o m  t h e  l o w e r  

e p i d e r m i s  t o  t h e  s u r f a c e  [ 1 6 ] .  S i n c e  m u c h  o f  t h e  m e l a n i n  r e s i d e s  i n  t h e  e p i t h e l i a l  c e l l s  

o f  t h e  e p i d e r m i s ;  i t  i s  p o s s i b l e  t h a t  p i g m e n t a t i o n  w i l l  b e  r e d u c e d .

When used at higher levels, it has a positive effect on the treatment o f photo

damaged skin. Some published reports suggested that lactic acid has a whitening
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e f f e c t  n o t  o n l y  v i a  s t i m u l a t i n g  e p i d e r m a l  t u r n o v e r ,  b u t  a l s o  i n h i b i t i n g  t h e  f o r m a t i o n  o f  

t y r o s i n a s e  [ 1 6 ] ,  w h i c h  m a y  c o n t r i b u t e  t o  t h e  o v e r a l l  a c t i v i t y  o f  c o m p o s i t i o n .  I t  h a s  

b e e n  s u p p o r t e d  b y  w.p S m i t h  t h a t  h i g h  c o n c e n t r a t i o n  o f  A H A s  ( 1 2 %  l a c t i c  a c i d )  c a n  

i n d u c e  c h a n g e s  i n  b o t h  t h e  e p i d e r m i s  a n d  d e r m i s  w h i l e  l o w e r  c o n c e n t r a t i o n  o n l y  

d e l i v e r s  s u p e r f i c i a l  e f f e c t  [ 1 6 ] .  T h i s  a u t h o r  a l s o  d e m o n s t r a t e s  t h a t  t h e  a b i l i t y  t o  

d e l i v e r  t h e  s k i n  c h a n g e s  i s  l i k e l y  t o  c o m e  f r o m  a l t e r a t i o n  o f  t h e  s k i n  b a r r i e r .  T h i s  

a u t h o r  f u r t h e r  s h o w s  t h e  s y n e r g i s t i c  a c t i v i t y  i n  c o m b i n a t i o n  o f  8. 8%  L ( + )  l a c t i c  a c i d  

a n d  1 %  v i t a m i n  c i n  t h e  t r e a t m e n t  c o l o r  o f  a g e  s p o t [ 1 6 ] .  M o r e o v e r ,  i t  h a s  b e e n  

s u p p o r t e d  b y  t h e  s t u d y  o f  v a n  R i j s b e r g e n .  H e  a l s o  s h o w s  t h a t  a  c o m b i n a t i o n  o f  L ( + )  

l a c t i c  a c i d  w i t h  v i t a m i n  c r e v e a l s  a  h i g h e r  s y n e r g i s t i c  e f f e c t  a g a i n s t  a g e - s p o t s  t h a n  

s i n g l e  v i t a m i n  c o r  l a c t i c  a c i d .  T h e y  f u r t h e r  s u g g e s t  t h a t  l a c t a t e s  i n  c o m b i n a t i o n  w i t h  

t y r o s i n a s e  i n h i b i t i n g  a g e n t s  l i k e  v i t a m i n  c, v i t a m i n  B 3,  a r b u t i n ,  k o j i c  a c i d  o r  l i c o r i c e  

m a y  e n h a n c e  t h e  s k i n  l i g h t e n i n g  e f f e c t  o f  a  f o r m u l a t i o n  [ 1 5 ] .

O t h e r  p r o p e r t i e s  o f  l a c t i c  a c i d  a n d  l a c t a t e s

I n  a  w h i t e n i n g  f o r m u l a t i o n ,  l a c t i c  a n d  l a c t a t e s  c a n  a d d  t h r e e  o t h e r  i m p o r t a n t  

p r o p e r t i e s  t o  t h e  f o r m u l a t i o n .

1 .  L a c t i c  a c i d  a n d  l a c t a t e s  a r e  o n e  o f  t h e  m o s t  e f f e c t i v e  m o i s t u r i z e r s .  T h e  

m o i s t u r i z i n g  e f f e c t  o f  l a c t i c  a c i d  a n d  i t s  s o d i u m  s a l t  i s  d i r e c t l y  r e l a t e d  t o  t h e  w a t e r  

h o l d i n g  c a p a c i t y  o f  t h e  l a c t a t e  m o l e c u l e .  L a c t a t e  s h o w s  a  h i g h  w a t e r - h o l d i n g  c a p a c i t y  

a v a i l a b l e  i n  t h e  m a r k e t .  T h e  e x p e r i m e n t  o f  พ .  p  S m i t h  s h o w s  a  s i g n i f i c a n t l y  b e t t e r  

h y d r a t i n g  s k i n  w h e n  a p p l i e d  w i t h  b o t h  L ( + )  l a c t i c  a c i d  a n d  D ( - )  l a c t i c  a c i d  t h a n  

g l y c o l i c  a c i d  [ 1 7 ] ,

2 .  L a c t a t e s  a r e  a b l e  t o  i n c r e a s e  t h e  n a t u r a l  c e r a m i d e  l e v e l  i n  t h e  s k i n .  L ( + )  

l a c t a t e s  s t i m u l a t e  c e r a m i d e  b i o s y n t h e s i s  l e a d i n g  t o  a n  i n c r e a s e  i n  s t r a t u m  c o m e u m  

c e r a m i d e  l e v e l s  w h i c h  r e s u l t  i n  s u p e r i o r  l i p i d  b a r r i e r  a n d  m o r e  e f f e c t i v e  r e s i s t a n c e  

a g a i n s t  x e r o s i s .

3 .  L a c t i c  a c i d  i s  a  m i l d  a n d  e f f e c t i v e  A H A .  I n  c o m b i n a t i o n  w i t h  w h i t e n i n g  

p r o p e r t i e s  i t  c o u l d  p o t e n t i a l l y  b o o s t  t h e  w h i t e n i n g  p r o c e s s .

4 .  L a c t i c  a c i d  c a n  u s e  a s  a  c o m b i n a t i o n .

N o w a d a y s ,  a  l a r g e - s c a l e  c l i n i c a l  t r i a l  i s  b e i n g  c o n d u c t e d  i n  t h e  P h i l i p p i n e s  

a m o n g  d a r k - s k i n  A s i a n s  c o m p a r i n g  t h e  w h i t e n i n g  e f f i c a c y  o f  l a c t a t e  w i t h  t h e  

w h i t e n i n g  p e r f o r m a n c e  o f  o t h e r  f r e q u e n t l y  u s e d  i n g r e d i e n t s .  T h e  i n  v i t r o  s t u d y  o f
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Z u i d o f f  a n d  R i j s b e r g e n  b y  u s i n g  m e l a n o d e r m  a s  a  h u m a n  e p i d e r m i s  m o d e l  t o  c o m p a r e  

t h e  t y r o s i n a s e  i n h i b i t i v e / s u p p r e s s i v e  a c t i o n  o f  3 %  l a c t i c  a c i d  w i t h  o t h e r  w h i t e n i n g  

a g e n t s  w h i c h  c o m p r i s e  1 %  k o j i c  a c i d ,  1 %  M A P  ( M a g n e s u i m  a s c o r b y l  p h o s p h a t e ) ,  a n d  

1 %  a s c o r b i c  a c i d .  T h e  s t u d y  i n d i c a t e s  t h a t  A s c o r b i c  a c i d  s h o w e d  o n l y  a  v e r y  m o d e s t  

p e r f o r m a n c e  w h e r e a s  l a c t i c  a c i d  a n d  k o j i c  a c i d  s h o w e d  a  d r a m a t i c  d e c r e a s e  i n  

t y r o s i n a s e  a c t i v i t y  o v e r  o t h e r  w h i t e n i n g  a g e n t s .  T h e r e a f t e r ,  t h e y  s t u d y  i n  v i v o  

w h i t e n i n g  e f f i c a c y  o n  7  f o r m u l a t i o n s  b e t w e e n  8 % l a c t a t e s  ( s o d i u m  l a c t a t e  6 0 % ) ,  1 %  

a r b u t i n ,  0 . 3 %  l i c o r i c e ,  1 %  k o j i c  c i d ,  a r b u t i n  +  s o d i u m  l a c t a t e ,  l i c o r i c e  +  s o d i u m  

l a c t a t e ,  a n d  k o j i c  a c i d  +  s o d i u m  l a c t a t e .  F r o m  t h e  s t u d y ,  i t  c a n  b e  s e e n  t h a t  t h e  

f o r m u l a t i o n s  c o n t a i n i n g  s o d i u m  l a c t a t e  ( e v e n  s i n g l e  s o d i u m  l a c t a t e  f o r m u l a t i o n )  

c o n t i n u e  t o  a c h i e v e  a  r e d u c t i o n  i n  p i g m e n t a t i o n  a f t e r  6 t o  1 2  w e e k s .  T h e n ,  A f t e r  1 2  

w e e k s ,  t h e  c o m b i n a t i o n  o f  s o d i u m  l a c t a t e  +  l i c o r i c e ,  s o d i u m  l a c t a t e  +  a r b u t i n  a s  w e l l  

a s  a  s i n g l e  l a c t a t e  f o r m u l a t i o n  a r e  t h e  b e s t  p e r f o r m i n g  w h i t e n i n g  f o r m u l a t i o n s  [ 1 3 , 1 4 ] ,

2 .  I n h i b i t i o n  o f  t h e  a c t i v i t y  o f  t y r o s i n a s e

S k i n - w h i t e n i n g  i n g r e d i e n t s  t h a t  c a n  i n h i b i t  t h e  a c t i v i t y  o f  t y r o s i n a s e  a r e  i n  

g e n e r a l  h i g h l y  s o l u b l e  i n  w a t e r .  T h e i r  m e c h a n i s m s  a r e  b a s e d  o n  a n  a l t e r a t i o n  o f  a c t i v e  

c e n t e r  o f  e n z y m e  t y r o s i n a s e ,  t h u s  i n d u c i n g  i t s  a c t i v i t y .  I n  m o s t  c a s e s  t h e  i n g r e d i e n t s  

a r e  e x t r a c t e d  f r o m  n a t u r a l  s o u r c e s  s u c h  a s  b e a r b e r y  ( a r b u t i n  l e a v e s ) ,  l i c o r i c e  r o o t  

( g l y c e r h i z i n i c  a c i d ) ,  c i t r u s  f r u i t s  ( a s c o r b i c  a c i d )  o r  f e r m e n t e d  c a r b o h y d r a t e s  ( k o j i c  

a c i d ,  g a m m a - p y r o n  c o m p o u n d ) .  T h e  d i s a d v a n t a g e  o f  t h e s e  i n g r e d i e n t s  i s  i n  g e n e r a l  

t h e i r  h i g h  p r i c e  a n d  i n s t a b i l i t y  i n  f o r m u l a t i o n s  i n  s o m e  c a s e s  [ 1 3 ] .

A r b u t i n  ( h y d r o q u i n o n e - b e t a - D - g l u c o p y r a n o s i d e ) [ 1 7 , 1 8 ]

A r b u t i n ,  t h e  a c t i v e  c o m p o n e n t  o f  t h e  c r u d e  d r u g  u v a e  u r s i  f o l i u m  d e s c r i b e d  

i n  t h e  J a p a n e s e  P h a r m a c o p i a ,  i s  a  h y d r o q u i n o n e  g l y c o s i d e [ 1 7 ] .  T h e  c h e m i c a l  

s t r u c t u r e  i s  s h o w n  b e l o w :
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A rb u tin

F i g u r e  7 .  T h e  c h e m i c a l  s t r u c t u r e  o f  a r b u t i n

I n  t h e  1 8 th c e n t u r y ,  A r b u t i n  w a s  f i r s t  u s e d  i n  t h e  m e d i c a l  a r e a  a s  a n  a n t i 

i n f l a m m a t o r y  a n d  a n t i - b a c t e r i a l  i n g r e d i e n t .  M o r e  r e c e n t l y ,  i t  h a s  b e e n  k n o w n  v e r y  

w e l l  a s  a  s k i n - l i g h t e n i n g  a g e n t  u s e d  f o r  d e p i g m e n t a t i o n .  A r b u t i n  i n h i b i t s  t h e  

f o r m a t i o n  o f  m e l a n i n  p i g m e n t  b y  i n h i b i t i n g  m e l a s o m a l  t y r o s i n a s e  a c t i v i t y ,  r a t h e r  t h a n  

t h e  s u p p r e s s i o n  o f  t h e  s y n t h e s i s  a n d  e x p r e s s i o n  o f  t h i s  e n z y m e .  A r b u t i n  h a s  b e e n  u s e d  

i n  c o m b i n a t i o n  w i t h  o t h e r  i n g r e d i e n t s  t o  i m p r o v e  t h e  a c t i v i t y  f o r  c o s m e t i c  u s e d  o r  f o r  

p r e v e n t i n g  s k i n  p i g m e n t a t i o n  [ 1 9 ] .

I n  a  s t u d y  b y  M a e d a  a n d  F u k u d a ,  n e o n a t a l  h u m a n  m e l a n o c y t e s  a r e  u s e d  f o r  

i n  v i t r o  a s s a y  o f  d e p i g m e n t i n g  a g e n t s ,  s u c h  a s  h y d r o q u i n o n e ,  l i n o l e i c  a c i d ,  a r b u t i n ,  

k o j i c  a c i d ,  a n d  a s c o r b i c  a c i d ,  b y  c o m p a r i s o n  o f  t h e i r  e f f e c t s  o n  m e l a n i n  s y n t h e s i s .  

T h e  r e p o r t  i n d i c a t e d  t h a t  a r b u t i n  c a n  r e d u c e  t h e  a m o u n t  o f  m e l a n i n  u p  t o  7 5 % .  T h i s  

e f f e c t  w a s  a b o u t  1/100 o f  h y d r o q u i n o n e ,  b u t  s t r o n g e r  t h a n  k o j i c  a n d  a s c o r b i c  a c i d  

w h i l e  l i n o l e i c  a c i d  s e e m  t o  h a v e  n o  t y r o s i n a s e  i n h i b i t o r y  a c t i v i t y  a t  n o n - c y t o t o x i c  

r a n g e s  [ 1 8 ] .

T h e r e  a r e  a l s o  t h e  s t u d i e s  o f  A z i z a h  w h i c h  c o m p a r e  t h e  m e l a n i n  r e d u c t i o n  o f  

3 %  a r b u t i n  +  0 . 0 0 5 %  l i c o r i c e  e x t r a c t  c o n t a i n i n g  c r e a m ,  1 %  k o j i c  a c i d  +  1 %  l i p o s o m e  

l o a d e d  v i t a m i n  c  c o n t a i n i n g  c r e a m ,  a n d  3 %  M A P  +  0 . 0 5 %  l i c o r i c e  e x t r a c t  c o n t a i n i n g  

c r e a m .  T h e  r e s u l t  o b t a i n e d  s h o w  t h a t  t h e  c r e a m  c o n t a i n e d  3 %  a r b u t i n  +  0 . 0 0 5 %  

l i c o r i c e  e x t r a c t  w a s  b e t t e r  i n  d e c r e a s i n g  t h e  n u m b e r  o f  m e l a n i n  ( 3 . 4 1 % ) ,  w h i l e  t h e  

c r e a m  c o n t a i n i n g  3 %  M A P  +  0 . 0 5 %  l i c o r i c e  e x t r a c t  w a s  b e t t e r  i n  i n c r e a s i n g  l i g h t n e s s .  

H o w e v e r ,  t h e  r e s u l t  a l s o  s h o w e d  t h e  e r y t h e m a  e f f e c t  f r o m  t h e  a p p l i c a t i o n  o f  3 %  

a r b u t i n  +  0 . 0 0 5 %  l i c o r i c e  e x t r a c t  c o n t a i n i n g  c r e a m  m o r e  s i g n i f i c a n t  c o m p a r e d  t o
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o t h e r  c r e a m  w h e r e a s  1% k o j i c  a c i d  +  1% l i p o s o m e  l o a d e d  v i t a m i n  c  s h o w e d  t h e  

m i n i m u m  e f f e c t  o f  e r y t h e m a  [ 1 9 ] .

K o j i c  a c i d  ( 5 - h y d r o x y - 4 - p y r a n - o n e - 2 - m e t h y l )  [ 1 8 , 2 1 ]

K o j i c  a c i d  ( F i g u r e  8) ,  a  f u n g a l  m e t a b o l i c  p r o d u c t ,  h a s  b e e n  u s e d  a s  a  s k i n  

w h i t e n i n g  a g e n t  i n  s k i n  c a r e  p r o d u c t s  m a r k e t e d  i n  J a p a n  s i n c e  1 9 8 8 .  T h e  c h e m i c a l  

s t r u c t u r e  i s  s h o w n  b e l o w :

I t  w a s  f i r s t  i s o l a t e d  f r o m  A s p e r g i l l u s  i n  1 9 0 7 .  K o j i c  a c i d  i s  u s e d  i n  

c o n c e n t r a t i o n s  r a n g i n g  f r o m  1 - 4 % .  A t  t h i s  c o n c e n t r a t i o n  l e v e l ,  K o j i c  a c i d  s u p p r e s s e s  

f r e e  t y r o s i n a s e ,  m a i n l y  b y  c h e l a t i n g  t h e  c o p p e r  i n  t y r o s i n a s e .  I n d e e d ,  i t  h a s  b e e n  

s h o w n  s i g n i f i c a n t l y  t o  e n h a n c e  n e u t r o p h i l e  p h a g o c y t o s i s  a n d  l y m p h o c y t e  p r o l i f e r a t i o n  

s t i m u l a t e d  b y  p h y t o p h e m a g g l u t i n i n .  M e l a n o c y t e s  t r e a t e d  w i t h  k o j i c  a c i d  b e c o m e  

n o n d e n d r i t i c  w i t h  d e c r e a s e d  m e l a n i n  c o n t e n t .  A d d i t i o n a l l y ,  i t  s c a v e n g e s  o x y g e n  

s p e c i e s  t h a t  a r e  r e l e a s e d  e x c e s s i v e l y  f r o m  c e l l s  o r  g e n e r a t e d  i n  t i s s u e  o r  b l o o d  [ 22] ,

I n  J a p a n ,  i t  i s  u s e d  i n  n o n - p r e s c r i p t i o n  s k i n - c a r e  p r o d u c t s  u p  t o  a  

c o n c e n t r a t i o n  o f  1 % .  U s u a l l y ,  i t  i s  u s e d  a t  t h e  h i g h e s t  c o n c e n t r a t i o n  t o  a l l o w  

m a x i m u m  p e r c u t a n e o u s  a b s o r p t i o n  a n d  t h u s  t h e r a p e u t i c  a c t i v i t y .  B e c a u s e  i t  i s  w i d e l y  

u s e d  i n  s o m e  c o u n t r i e s ,  p a r t i c u l a r y  i n  J a p a n ,  t h e  o r a l  s a f e t y  h a s  b e e n  s t u d i e d .

I n  t h e  s t u d y  o f  S h i b u y a  e t  a l .  i n  i n v e s t i g a t i n g  m u t a g e n i c i t y  i n  k o j i c  a c i d  b y  

t h e  A m e s  t e s t ,  i t  w a s  c o n c l u d e d  t h a t  a l t h o u g h  k o j i c  a c i d  i s  a  w e a k  m u t a g e n  i n  b a c t e r i a ,  

i t  i s  n o n m u t a g e n i c  i n  t h e  e u k a r y o t i c  s y s t e m  e i t h e r  i n  v i v o  o r  i n  v i t r o .

Kojic acid

F i g u r e  8.  T h e  c h e m i c a l  s t r u c t u r e  o f  k o j i c  a c i d
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H o w e v e r ,  t r u e  a d v e r s e  e f f e c t s  a f t e r  h u m a n  o r a l  i n g e s t i o n  h a v e  n o t  b e e n  

d e m o n s t r a t e d .  N a k a g a w a  e t  a l  n o t e d  t h a t  n o  s i g n  o f  r e l a p s e  d e r m a t i t i s  o r  a n y  o t h e r  

a d v e r s e  o n  s e n s i t i z e d  p a t i e n t s  u p o n  i n g e s t i o n  o f  f o o d  c o n t a i n i n g  k o j i c  a c i d .  H o w e v e r ,  

t h e y  a l s o  i n d i c a t e d  t h a t  t o p i c a l  a p p l i c a t i o n  m a n y  i n d u c e  a l l e r g i c  c o n t a c t  d e r m a t i t i s  

w i t h  s e n s i t i z e d  p a t i e n t s  b e c a u s e  t h e  p a t i e n t s  u s i n g  o n e  o r  m o r e  k o j i c  a c i d  c o n t a i n i n g  

p r o d u c t s  h a v e  a  h i g h  f r e q u e n c y  o f  c o n t a c t  d e r m a t i t i s .  T h u s ,  t h e y  p o s t u l a t e d  t h a t  k o j i c  

a c i d  w a s  c o n s i d e r e d  t o  h a v e  a  h i g h  s e n s i t i z i n g  p o t e n t i a l  [ 2 1 ] .

R e c e n t l y ,  i n  v i t r o  w h i t e n i n g  e f f i c a c y  w a s  e v a l u a t e d  b y  M a j m u d a r  e t  a l .  I n  

t h e s e  s t u d i e s ,  k o j i c  a c i d  ( 1 % ) ,  L a c t i c  a c i d  ( 3 % ) ,  a n d  1 %  M a g n e s i u m  a s c o r b y l  

p h o s p h a t e  ( M A P )  i n  n o n i o n i c  a q u e o u s  b a s e  w e r e  a p p l i e d  f o r  t h r e e  d a y s  o n  

m e l a n o d e r m .  T h e s e  s t u d i e s  s u g g e s t  t h a t  a l l  w h i t e n i n g  a g e n t s  a n d  b a s e  w e r e  n o t  t o x i c .  

M o r e o v e r ,  k o j i c  a c i d  a n d  l a c t i c  a c i d  p r e s e n t e d  b e t t e r  i n h i b i t i o n  m o r e  t h a n  M A P .  T h e  

s t u d i e s  a l s o  i n d i c a t e d  t h a t  k o j i c  a c i d  i n  a n  a n h y d r o u s  f o r m  c o u l d  i n d u c e  m o r e  s k i n  

w h i t e n i n g  t h a n  a n  a q u e o u s  f o r m  [ 2 3 ] .

L i m  c o n d u c t e d  a  n o n  p l a c e b o  c o n t r o l l e d  s t u d y  t o  t e s t  2 %  k o j i c  a c i d  i n  a  g e l  

c o n t a i n i n g  2 %  g l y c o l i c  a c i d  a n d  2 %  h y d r o q u i n o n e  i n  4 0  C h i n e s e  w o m e n  w h o  h a d  

e p i d e r m a l  m e l a s m a  f o r  1 2  w e e k s .  H a l f  o f  a  f a c e  w a s  t r e a t e d  w i t h  a b o v e  f o r m u l a t i o n  

w h i l e  a n o t h e r  t r e a t e d  w i t h  i d e n t i c a l  c o n t a i n i n g  n o  d r u g  f o r m u l a t i o n .  R e s u l t  s h o w e d  

s i m i l a r  i m p r o v e m e n t  i n  m e l a s m a  o n  b o t h  s i d e s .  M o r e  t h a n  h a l f  ( 6 0 % )  o f  t h e  m e l a s m a  

c l e a r e d  i n  s i d e  r e c e i v i n g  k o j i c  a c i d ,  w h e r e a s  l e s s  t h a n  h a l f  ( 4 8 % )  c l e a r e d  i n  s i d e  

d e n i e d  k o j i c  a c i d ;  i n  p a r t i c u l a r ,  t w o  p a t i e n t s  h a d  c o m p l e t e  c l e a r a n c e  o n l y  i n  t h e  k o j i c  

a c i d - t r e a t e d  s i d e .  H o w e v e r ,  t h e  i m p r o v e m e n t  d i d  n o t  s h o w  a  s t a t i s t i c a l  d i f f e r e n c e  

b e t w e e n  t h e  f o r m u l a t i o n s .

E v e l y n  s u g g e s t e d  t h a t  t h e  i n h i b i t o r y  e f f e c t s  o n  t y r o s i n a s e  a c t i v i t y  o f  k o j i c  

a c i d  e s t e r  ( k o j i c  d i p a l m i t a t e )  h a d  a  b e t t e r  e f f e c t  t h a n  k o j i c  a c i d  a n d  h y d r o q u i n o n e  

w h e n  m e a s u r i n g  t h e  c o l o r a t i o n  o f  v a r i o u s  m e l a n i n  i n t e r m e d i a t e s  a n d  t h u s  t y r o s i n a s e  

a c t i v i t y .  A d d i t i o n a l l y ,  t h e  h u m a n  p a t c h  t e s t  o n  k o j i c  d i p a l m i t a t e  s h o w e d  i t  t o  b e  

c o m p l e t e l y  n o n - i r r i t a t i n g  [ 2 4 ] ,
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A r t o c a r p u s  L a k o o c h a  e x t r a c t s  [ 2 5 , 2 6 ]

F i g u r e  9 .  T h e  p i c t u r e  o f  A r t o c a r p u s  L a k o o c h a  h e a r t w o o d

S c i e n t i f i c  n a m e  

F a m i l y  

E n g l i s h  n a m e  

L o c a l  n a m e

C l i n i c a l  e f f i c a c y

S a f t y

P u a g - H a a d

D e s c r i p t i o n

A r t o c a r p u s  l a k o o c h a  R o x b .

M o r a c e a e

M a - H a a d ,  K a y a e ,  T a p a n g ,

M a - H a a d b a i y a i ,  H a d

3 - 5 g  o f  P u a g - H a a d  a r e  u s e d  a s  a n  a n t h e l m i n t h i c  

s u c h  a s  T a e n i a  s a g i n a t a  a n d  w o r m s  i n  p i g  a n d  

d o g s .

W h e n  r e c e i v e d  2 0 0  o r  1 0 0  m g  t w o  i n t e r v a l  

d o s e  e v e r y  10 h r ,  i t  w a s  f o u n d  n o  t o x i c i t y  t o  l i v e r  

a n d  s p l e e n .  M o r e o v e r ,  i t  f o u n d  t h a t  n o  t o x i c  t o  

a n y  o r g a n ,  w h e n  f e e d e d  1 , 2 5 g / K g  t o  m i c e .

D r i e d  a q u e o u s  e x t r a c t  o f  A r t o c a r p u s  l a k o o c h a

h e a r t w o o d

y e l l o w i s h  p o w d e r
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( A r t o c a r p u s  l a k o o c h a  R o x b . ,  f a m i l y  M o r a c e a e ) ( F i g u r e  9 )  i s  a  p l a n t  c o m m o n l y  

f o u n d  i n  m a n y  p a r t s  o f  S o u t h  a n d  S o u t h e a s t  A s i a .  A c t u a l l y ,  i t  w a s  u s e d  t o  t r e a t  

w o r m s  f o r  m a n y  y e a r s ,  b u t  r e c e n t l y ,  t h e  d i s c o v e r y  o f  n e w  a p p l i c a t i o n  b r i n g s  i t  t o  a  

n e w  w h i t e n i n g  a g e n t .  S r i t u l a r a k  e t  a l .  [ 3 ]  f o u n d  t h a t  t h e  e x t r a c t  f r o m  P u a g - H a a d  s t e m  

h a d  t h e  a b i l i t y  t o  i n h i b i t  t y r o s i n a s e  a c t i v i t y  i n  v i v o .  T h e y  s c r e e n e d  p l a n t  e x t r a c t s  i n  

v i t r o  f o r  t h e i r  a b i l i t y  t o  i n h i b i t  t y r o s i n a s e  a c t i v i t y  u s i n g  a  c o m m e r c i a l l y  a v a i l a b l e  

t y r o s i n a s e  d e r i v e d  f r o m  m u s h r o o m .  O n e  o f  t h e  p l a n t  e x t r a c t s  t e s t e d ,  P u a g - H a a d  

(.A r t o c a r p u s  l a k o o c h a ) ,  e x p r e s s e d  s t r o n g  t y r o s i n a s e  i n h i b i t i o n  w h i c h  w a s  g r e a t e r  t h a n  

m a n y  w e l l - k n o w n  t y r o s i n a s e  i n h i b i t o r s  l i k e  k o j i c  a c i d  a n d  a r b u t i n .

T h e  a c t i v e  c o m p o u n d s  i n  t h e  s t e m  e x t r a c t  o f  P u a g - H a a d  a r e  2 , 4 , 3 ' , 5 ' -  

t e t r a h y d r o x y s t i l b e n e  ( c o m p o u n d  1 )  a n d  4 , 3 ' , 5 ' - t r i h y d r o x y s t i l b e n e  ( c o m p o u n d  2 )  

e x p r e s s i n g  I C 50 o f  1 . 5  p M  a n d  9 4 6 . 6  p M ,  r e s p e c t i v e l y  ( F i g u r e  1 0 ) .  T h e  a c t i v i t y  o f  

c o m p o u n d  1 i s  m u c h  g r e a t e r  t h a n  k o j i c  a c i d  ( I C 50 =  2 6  p M )  a n d  a r b u t i n  ( I C 50 =  1 . 2  

m M )  [ 3 ] ,

R-OM  z.4.3'.5'-tetrahy'clraxystilbene (1)

R-H 4.3',5‘- trihydraxystllbens (2)

F i g u r e  1 0 .  T h e  s t r u c t u r e s  o f  c o m p o u n d  1  a n d  2  i n  P u a g - H a a d  

( A .  l a k o o c h a )  e x t r a c t
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F r o m  t h e  p r e l i m i n a r y  i n  v i v o  d a t a  b y  P e n g r u n g r u a n g w o n g  [ 2 7 ]  u s i n g  g u i n e a  

p i g s  a s  a  m o d e l ,  i t  w a s  f o u n d  t h a t  0 . 5 %  a n d  1 %  o f  d r i e d  s t e m  M a - H a a d  e x t r a c t  

( l o c a l l y  c a l l e d  P u a g - H a a d )  d i s s o l v e d  i n  p r o p y l e n e  g l y c o l  c o u l d  s i g n i f i c a n t l y  r e d u c e  

m e l a n i n  c o n c e n t r a t i o n  o n  t h e  b a c k  o f  g u i n e a  p i g  s k i n  ( p <  0 . 0 5 ) .  F u r t h e r m o r e ,  t h e  

e f f e c t  o f  0 . 5 %  a n d  1 %  e x t r a c t  w a s  f o u n d  t o  b e  s i m i l a r ,  i n d i c a t i n g  t h e  p o s s i b l e  

s a t u r a t i o n  o f  e n z y m e  t y r o s i n a s e  b y  t h e  a c t i v e  i n g r e d i e n t s  i n  t h e  e x t r a c t .  M o r e o v e r ,  

0 . 5 %  e x t r a c t  a l s o  p r o d u c e d  g r e a t e r  i n  v i v o  s k i n  w h i t e n i n g  e f f e c t  i n  g u i n e a  p i g s  t h a n  

3 %  k o j i c  a c i d  ( p < 0 . 0 5 ) .  T h u s ,  i t  w o u l d  b e  i n t e r e s t i n g  t o  ๒ ไ o พ  i f  f u r t h e r  l o w e r i n g  t h e  

c o n c e n t r a t i o n  o f  t h e  s a m e  e x t r a c t  t o  0 . 2 5 %  w o u l d  s t i l l  e x h i b i t  s i g n i f i c a n t  s k i n  

w h i t e n i n g  a c t i v i t y .

M u l b e r r y  e x t r a c t

M u l b e r r y  e x t r a c t  c a n  b e  o b t a i n e d  f r o m  t h e  r o o t s  o f  t h e  m u l b e r r y  t r e e .  T h e i r  

m a j o r  c o m p o n e n t s  a r e  i s o p r e n y l  f l a v o n i o d s  a n d  c o u m a r i n .  T h e s e  h a v e  b e e n  u s e d  

m e d i c i n a l l y  f o r  s k i n  w h i t e n i n g  a s  w e l l  a s  f o r  a n t i m i c r o b i a l  a c t i o n ,  a s  a  d i u r e t i c ,  a n d  t o  

e l i m i n a t e  f e v e r  a n d  c o u g h i n g  [ 2 8 ] ,  R e c e n t l y ,  t h e  p a p e r  m u l b e r r y  h a s  b e e n  a l s o  s t u d i e d  

f o r  t h e  w h i t e n i n g  e f f e c t .  T h e  a c t i v e  c o m p o u n d ,  5-[3-(2,4-dihydrohyphenyl) p r o p y l ] -  

3 , 4 - b i s ( 3 - m e t h y - 2 - b u t e n y l ) - l , 2 - b e n z e n e d i o l ,  w a s  i s o l a t e d  f r o m  t h e  r o o t  b a r k  o f  p a p e r  

m u l b e r r y  a n d  t e s t e d  f o r  e f f e c t i v e  t y r o s i n a s e  i n h i b i t i o n .  T h e  o b t a i n e d  d a t a  s h o w e d  t h e  

t y r o s i n a s e  i n h i b i t i o n  e f f e c t  o v e r c o m e  a s c o r b i c  a c i d ,  k o j i c  a c i d ,  a n d  h y d r o q u i n o n e .  

T h e  I C 50, t h e  c o n c e n t r a t i o n  c a u s i n g  5 0 %  i n h i b i t i o n  o f  a c t i v i t y  o f  t y r o s i n a s e ,  w a s  

r e p o r t e d  t o  b e  0 . 3 9 6 %  c o m p a r e d  t o  5 . 5 %  f o r  H Q  a n d  1 0 %  f o r  k o j i c  a c i d .  I n d e e d ,  i t  

w a s  c o n s i d e r e d  a  n o n i r r i t a n t  s u b s t a n c e  w h e n  t e s t e d  f o r  s e n s i t i z i n g  p o t e n t i a l  a t  e i t h e r  

2 4  h o u r s  o r  4 8  h o u r s  b y  p e r f o r m i n g  a  p a t c h  t e s t  u s i n g  1 %  p a p e r  m u l b e r r y  e x t r a c t  

[ 3 , 2 2 , 2 9 ] .

A s c o r b i c  a c i d  a n d  i t s  d e r i v a t i v e s  [ 2 1 ]

A s c o r b i c  a c i d  m a y  i n h i b i t  m e l a n i n  p r o d u c t i o n  b y  r e d u c i n g  o - q u i n o n e ,  s o  t h a t  

m e l a n i n  c a n n o t  b e  p e r f o r m e d  b y  t h e  a c t i o n  o f  t y r o s i n a s e  u n t i l  a l l  v i t a m i n  c i s  

o x i d i z e d .  B e c a u s e  v i t a m i n  c i s  q u i c k l y  o x i d i z e d  a n d  d e c o m p o s e s  i n  a q u e o u s  s o l u t i o n ,  

i t  i s  n o t  g e n e r a l l y  u s e f u l  a s  a  d e p i g m e n t i n g  a g e n t .  T h e  s t r u c t u r e  o f  v i t a m i n  c  i s  s h o w n  

b e l o w :
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ÇH20H
HC-OH

HO OH

L-ascorbic acid 
(Vitamin C)

F i g u r e  1 1 .  T h e  c h e m i c a l  s t r u c t u r e  o f  v i t a m i n  c

R e c e n t l y ,  s t a b l e  d e r i v a t i v e s  o f  v i t a m i n  c  h a v e  b e e n  s y n t h e s i z e d  t o  m i n i m i z e  

t h i s  p r o b l e m .  M a g n e s i u m - L - a s c o r b y l - 2 - p h o s p h a t e  ( V C - P M G )  i s  a  v i t a m i n  c 
d e r i v a t i v e  t h a t  i s  s t a b l e  i n  w a t e r ,  e s p e c i a l l y  i n  n e u t r a l  o r  a l k a l i  s o l u t i o n  c o n t a i n i n g  

b o r i c  o r  i t  s a l t .  V C - P M G  i s  h y d r o l y z e d  b y  p h o s p h a t a s e s  o f  l i v e r  o r  s k i n  t o  v i t a m i n  c 
a n d  t h u s  e x h i b i t s  v i t a m i n  c  r e d u c i n g  a c t i v i t y .

K a m e y a m a  e t  a l .  i n v e s t i g a t e d  t h e  e f f e c t  o f  V C - P M G  o n  m e l a n o g e n e s i s  i n  

v i t r o  a n d  i n  v i v o .  R e s u l t s  f r o m  t h e i r  n o n - p l a c e b o - c o n t r o l l e d  s t u d y  s u g g e s t e d  t h e  

t o p i c a l  a p p l i c a t i o n  o f  V C - P M G  w a s  s i g n i f i c a n t l y  e f f e c t i v e  i n  l i g h t e n i n g  t h e  s k i n  i n  1 9  

o f  3 4  p a t i e n t s  w i t h  c h l o a s m a  o r  s e n i l e  f r e c k l e s  a n d  i n  3  o f  2 5  s u b j e c t s  w i t h  n o r m a l l y  

p i g m e n t e d  h e a l t h y  s k i n .

3 .  D i r e c t  r e d u c t i o n  o f  m e l a n i n

T h e  m o s t  k n o w n  a c t i v e  i n g r e d i e n t  b a s e d  o n  t h i s  m e c h a n i s m  i s  

h y d r o q u i n o n e .

H y d r o q u i n o n e  [ 2 1 , 2 2 ]

H y d r o q u i n o n e  i s  a l s o  a  u b i q u i t o u s  c h e m i c a l  r e a d i l y  a v a i l a b l e  i n  c o s m e t i c  a n d  

n o n p r e s c r i p t i o n  f o r m s  f o r  s k i n  l i g h t e n i n g .  T h e  c h e m i c a l  s t r u c t u r e  o f  h y d r o q u i n o n e  i s  

s h o w n  b e l o w :



3 8

O-H

r ^ l
XO-H

Hydroquinone

F i g u r e  1 2 .  T h e  c h e m i c a l  s t r u c t u r e  o f  h y d r o q u i n o n e

I t  i s  c o n s i d e r e d  o n e  o f  t h e  m o s t  e f f e c t i v e  i n h i b i t o r s  o f  m e l a n o g e n e s i s  i n  v i t r o  

a n d  i n  v i v o .  H y d r o q u i n o n e  c a u s e s  r e v e r s i b l e  i n h i b i t i o n  o f  c e l l u l a r  m e t a b o l i s m  b y  

a f f e c t i n g  b o t h  D N A  a n d  R N A  s y n t h e s i s  a n d  d e g r a d a t i o n  o f  m e l a n o s o m e s  a n d  

d e s t r u c t i o n  o f  m e l a n o c y t e .  E l e c t r o n  m i c r o s c o p i c  s t u d i e s  o f  b l a c k  g u i n e a  p i g  s k i n  

t r e a t e d  w i t h  h y d r o q u i n o n e  s h o w  t h e  a t o m i c  c o n s e q u e n c e s  o f  t h i s  a c t i o n :

( 1 )  T h e  m e l a n o s o m e  s t r u c t u r e  i s  d i s t u r b e d ,  r e s u l t i n g  i n  d e c r e a s e d  p r o d u c t i o n  

o r  i n c r e a s e  d e g r a d a t i o n  o f  t h e s e  o r g a n e l l e s ,  o r  b o t h .

( 2 )  H y d r o q i n o n e  e x p o s u r e  c a n  u l t i m a t e l y  l e a d  t o  t h e  d e g r a d a t i o n  o f  

m e l a n o c y t e .

( 3 )  K é r a t i n o c y t e  a r e  s p a r e d ,  s h o w i n g  n o  a p p a r e n t  i n j u r y .

T h e  m o s t  c o m m o n  d r u g  u s e d  i n  t h e  U S  a s  a  s k i n  l i g h t e n e r  i s  h y d r o q u i n o n e  ( 1 . 5  

t o  4 %  c o m m e r c i a l l y ,  o r  u p  t o  1 0 %  i n  c u s t o m - m a d e  p r o d u c t ) .  L o w  c o n c e n t r a t i o n s  a r e  

f o u n d  i n  m a n y  c o s m e t i c s  w h i l e  t h e  h i g h e r  c o n c e n t r a t i o n s  a r e  p r e s c r i p t i o n  d r u g s .

A r n d t  a n d  F i t z p a t r i c k ,  i n  a  n o n - p l a c e b o - c o n t r o l l e d  s t u d y ,  c o m p a r e  t h e  e f f i c a c y  

o f  2 %  a n d  5 %  h y d r o q u i n o n e  c r e a m  f o r  t r e a t m e n t  o f  p i g m e n t a r y  d i s o r d e r  i n  5 6  

p a t i e n t s .  H y d r o q u i n o n e  w a s  a  m o d e r a t e l y  e f f e c t i v e  d e p i g m e n t i n g  a g e n t  i n  8 0 %  o f  

c a s e s .  T h e r e  w a s  n o  e f f i c a c y  d i f f e r e n c e  b e t w e e n  2  c o n c e n t r a t i o n s ,  h o w e v e r  t h e  l o w e r  

c o n c e n t r a t i o n  w a s  l e s s  i r r i t a t i n g  t h a n  t h e  h i g h e r  o n e .

I n  a  n o n - p l a c e b o - c o n t r o l l e d  s t u d y ,  F i t z p a t r i c k  e t  a l .  e v a l u a t e d  t h e  e f f i c a c y  o f  a  

2 %  c r e a m  o f  s t a b i l i z e d  h y d r o q u i n o n e  i n  9 3  p a t i e n t s .  O f  t h o s e  p a t i e n t s ,  6 4 %  s h o w e d  

d e c r e a s i n g  h y p e r m e l a n o s i s .
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T h e  2 %  H y d r o q u i n o n e  i s  r e a d i l y  a v a i l a b l e  o v e r  t h e  c o u n t e r  i n  v a r i o u s  c o s m e t i c  

p r e p a r a t i o n s .  H o w e v e r ,  f o r  b e t t e r  e f f i c a c y ,  i t  i s  o f t e n  c o m b i n e d  w i t h  o t h e r  i n g r e d i e n t s  

f o r  t r e a t m e n t  o f  h y p e r p i g m e n t a t i o n .  T h e  o r i g i n a l  K l i g m a n  f o r m u l a  i n v o l v e s  

c o m p o u n d i n g  5 %  H Q  w i t h  0 . 1 %  r e t i n o i c  a c i d  a n d  0 . 1 %  d e x a m e t h a s o n e  i n  h y d r o p h i l i c  

o i n t m e n t  f o r  t h e  t r e a t m e n t  m e l a s m a ,  e p h e l i d e s ,  a n d  p o s t i n f l a m m a t o r y  

h y p e r p i g m e n t a t i o n .  I n  c o n t r a s t ,  t h e y  e x p e r i e n c e d  p o o r  r e s u l t s  w i t h  e a c h  o f  t h e  

a f o r e m e n t i o n e d  a s  m o n o t h e r a p i e s .  I n d e e d ,  S a n c h e z  a n d  V a z q u e s  p o s t u l a t e d  t h a t  t h e  

e f f i c a c y  o f  h y d r o q u i n o n e  m i g h t  b e  i m p r o v e d  w h e n  i t  i s  u s e d  i n  c o m b i n a t i o n  w i t h  

o t h e r  c h e m i c a l s  s u c h  a s  t r e t i n o i n ,  s a l i c y l i c  a c i d  o r  c o r t i c o s t e r i o d s .

A s  i n d i c a t e d  a b o v e ,  n o t  o n l y  t h e  a d v a n t a g e s  o f  h y d r o q u i n o n e s  h a v e  b e e n  

r e c o g n i z e d ,  b u t  t h e y  h a v e  b e e n  c o n s i d e r e d  c y t o t o x i c  s u b s t a n c e s ,  w i t h  r e l a t i v e l y  h i g h  

s p e c i f i c i t y  t o  m e l a n o c y t e s  a s  w e l l .  A d v e r s e  r e a c t i o n s  a s s o c i a t e d  w i t h  h y d r o q u i n o n e  

u s e  i n c l u d e  b o t h  a c u t e  a n d  c h r o n i c  c o m p l i c a t i o n s .  A m o n g  a c u t e  r e a c t i o n  a r e  i r r i t a n t  

d e r m a t i t i s ,  n a i l  d i s c o l o r a t i o n ,  a n d  p o s t i n f l a m m a t o r y  h y p e r p i g m e n t a t i o n .  F o r  t h e s e  

r e a s o n s ,  c o s m e t i c  f o r m u l a t i o n s  c o n t a i n i n g  h y d r o q u i n o n e  h a v e  b e e n  b a n n e d  i n  s e v e r a l  

c o u n t r i e s  i n c l u d i n g  T h a i l a n d .  H y d r o q u i n o n e  u s e d  b y  p e o p l e  l i v i n g  i n  r e g i o n s  

r e c e i v i n g  a  h i g h  d e g r e e  o f  s u n l i g h t  h a s  b e e n  a s s o c i a t e d  w i t h  d e v e l o p m e n t  o f  

o c h r o n o s i s .  T h i s  i s  a  c h r o n i c  s k i n  c o n d i t i o n  c h a r a c t e r i z e d  b y  a p p e a r a n c e  o f  s o o t y  

p i g m e n t a t i o n  c o m m o n l y  a f f e c t i n g  t h e  c h e e k s ,  f o r e h e a d ,  a n d  r e g i o n s  s u r r o u n d i n g  t h e  

e y e s .  E u r o p e a n  n a t i o n s  h a v e  s t o p p e d  s a l e s  o f  h y d r o q u i n o n e  d e p i g m e n t i n g  c r e a m s  

b e c a u s e  o f  i t s  m u t a g e n i c  a c t i v i t y  [ 3 0 ] ,

4 .  O t h e r  m e c h a n i s m s

4 . 1  I n h i b i t i o n  o f  m e l a n o s o m e s  t r a n s f e r  f r o m  m e l a n o c y t e s  t o  k é r a t i n o c y t e

V i t a m i n  B 3 c o m e s  i n  2  p r i n c i p a l  f o r m s ,  n a m e l y  n i a c i n a m i d e  ( p y r i d i n e  3 -  

c a r b o x a m i d e  o r  n i c o t i n a m i d e )  a n d  n i a c i n  ( p y r i d i n e  3 - c a r b o x y l i c  a c i d  o r  n i c o t i n i c  

a c i d ) .  T h e  a m i d e  f o r m  ( n i c o t i n a m i d e )  i s  a l r e a d y  f o u n d  t o  b e  a n  i n t e g r a l  p a r t  o f  t h e  

c o e n z y m e s  f o r  m e t a b o l i s m ,  i . e . ,  n i c o t i n a m i d e  a d e n i n e  d i n u c l e o t i d e  ( N A D )  a n d  

n i c o t i n a m i d e  a d e n i n e  d i n u c l e o t i d e  p h o s p h a t e  ( N A D P )  [ 3 1 , 3 2 ] .  A s  p h a r m a c o l o g i c a l  

a c t i o n  o f  n i a c i n a m i d e ,  h i g h - d o s e  n i a c i n a m i d e  m a y  b e  h e l p f u l  i n  p r e v e n t i n g  t y p e  1 

( c h i l d h o o d - o n s e t )  d i a b e t e s  a n d  r e d u c i n g  s y m p t o m s  o f  o s t e o a r t h r i t i s .  T h e  a c t i o n  o f  

n i a c i n a m i d e  a s  a  w h i t e n i n g  a g e n t  i s  s t i l l  t o t a l l y  u n c l e a r .  N i a c i n a m i d e  ( n i c o t i n a m i d e )
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i s  r e p o r t e d  t o  b e  a c t i v e  s k i n  l i g h t e n e r ,  b u t  s c i e n t i f i c  e v i d e n c e  o f  i t s  e f f e c t  i s  l a c k i n g  

[ 3 0 ] .  H o w e v e r ,  t h e r e  a r e  r e p o r t e d  b y  B a r r a t t  ( u n i l e v e r )  e t  a l .  t h a t  t o p i c a l  t r e a t m e n t  

w i t h  n i a c i n a m i d e  +  s u n s c r e e n  p r o d u c t  ( 1 %  n i a c i n a m i d e ,  1 . 2 5 % p a r s o l  M C X ,

0 . 4 % p a r s o l  1 7 8 9 )  f o r  8 - 1 2  w e e k s  o n  f o r e a r m  w h i t e n e d  b a s a l  s k i n  c o l o r  v s .  n o  

t r e a t m e n t  i n  I n d i a n ,  I n d o n e s i a n  a n d  M e x i c a n  s u b j e c t s .  I t  w a s  o f  v a l u e  t o  p r o v e  t h a t  

t h e  c o m b i n a t i o n  c o u l d  l e a d  t o  w h i t e n  t h e  b a s a l  s k i n  c o l o r  [ 3 3 ] .

R e c e n t l y ,  t h e  s k i n  l i g h t e n i n g  e f f e c t  o f  t o p i c a l  n i a c i n a m i d e  h a s  b e e n  s t u d i e d .  

H a k o z a k i  e t  a l . [ 3 4 ]  c o m p a r e d  t h e  p r o d u c t s  w i t h  a n d  w i t h o u t  n i a c i n a m i d e .  T h e  r e s u l t  

o f  i m a g e  a n s l y s i s  d e m o n s t r a t e d  s i g n i f i c a n t  r e d u c t i o n  o f  t o t a l  h y p e r p i g m e n t e d  s p o t  

a r e a  a n d  i n c r e a s e  o f  L *  v a l u e  c h a n g e  f r o m  b a s e l i n e  f o r  n i a c i n a m i d e - t r e a t e d  s i d e  v s .  

v e h i c l e - t r e a t e d  s i d e  a f t e r  4  w e e k s  o f  t r e a t m e n t .  I n t e r e s t i n g l y ,  t h e y  a l s o  s h o w e d  

s u p e r i o r  s k i n  w h i t e n i n g  e f f i c a c y  o f  n i a c i n a m i d e  p l u s  s u n s c r e e n  t r e a t e d  s i d e  c o m p a r e d  

w i t h  s u n s c r e e n  a l o n e  ( n o  s i g n i f i c a n t  i n  w e e k  8th) .

T o  i n v e s t i g a t e  t h e  m e c h a n i s m  a c t i o n  o f  n i a c i n a m i d e ,  T h e s e  a u t h o r s  u s e d  a  c e l l  

CO - c u l t u r e  m o d e l  a n d  s t a i n e d  t h e  m e l a n o s o m e s  w i t h  s u c c i n i m i d y l  e s t e r  o f  c a r b o x y  

f l u o r e s c e i n  d i a c e t a t e  ( C F D A ) .  T h e i r  e x p e r i m e n t  s h o w e d  t h a t  n i a c i n a m i d e  i n h i b i t e d  

t h e  t r a n s f e r  o f  m e l a n o s o m e s  f r o m  m e l a n o c y t e s  t o  k é r a t i n o c y t e s .  M o r e o v e r ,  V i r a d o r  e t  

a l . [ 3 4 ]  s h o w e d  t h a t  n i a c i n a m i d e  d i d  n o t  e x h i b i t  m u c h  i n h i b i t i o n  o f  m e l a n o g e n e s i s  

a c t i v i t y  u s i n g  p u r i f i e d  t y r o s i n a s e  i n  t h e i r  a s s a y .  T h e s e  r e s u l t s  s u g g e s t  t h a t  

n i a c i n a m i d e  m a y  n o t  b e  a  p o t e n t  t y r o s i n a s e  i n h i b i t o r  b u t  m a y  e x h i b i t  s k i n  l i g h t e n i n g  

e f f e c t  v i a  a n o t h e r  n o v e l  y e t  n o t  f u l l y  u n d e r s t o o d  m e c h a n i s m  l i k e  t h e  i n h i b i t i o n  o f  

m e l a n o s o m e  t r a n s f e r .

4 . 2  S u p p r e s s i o n  o f  p r o d u c t i o n  o f  P r o s t a g l a n d i n s ( P G s )

T r a n e x a m i c  a c i d

T r a n e x a m i c  a c i d  ( T A ) ,  o r  t r a n - 4 -  a m i n o m e t h y l  c y c l o h e x a n e  c a r b o x y l i c  a c i d  

h a s  a  m o l e c u l a r  f o r m u l a  o f  C 8H 15N O 2 w i t h  m o l e c u l a r  w e i g h t  o f  1 5 7 . 2 1 4 .  I t s  

a p p e a r a n c e  i s  w h i t e  c r y s t a l l i n e  p o w d e r ,  o d o r l e s s  a n d  b i t t e r  t a s t e .  I t  i s  f r e e l y  s o l u b l e  i n  

w a t e r  a n d  g l y c i a l  a c i d ,  v e r y  s l i g h t l y  s o l u b l e  i n  e t h a n o l ,  p r a c t i c a l l y  i n s o l u b l e  i n  e t h e r
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and dissolves in sodium hydroxide TS [35]. Figure 13. shows the chemical structure 
of tranexamic acid.

h 2 n h 2 c  c o 2 h

Figure 13. The chemical structure of tranexamic acid.

In clinical application, tranexamic acid, known as an antifribrinolytic agent, 
competitively inhibits the activation of plasminogen in the fibrinolytic cycle ie. the 
conversion of plasminogen to plasmin [36]. The drug has affinity for the five lysine
binding sites of plasminogen. It thus promotes clot stability, and is useful as 
adjunctive therapy in haemophillia and some other bleeding disorders [37],

Recently, tranexamic acid has been studied as a whitening agent. In the 
studies of Maeda and Naganuma with พ eiser-Maple guinea pigs induced by 
ultraviolet (UV) exposure(840mJ cm-2), skin pigmentation was clearly observed after 
seven day exposure and continued to increase to 29 days. Post-exposure applications 
of 2% and 3% solutions of tranexamic acid to the exposure regions prevented or 
inhibited the pigmentation process compared with the vehicle control. As plasmin is 
known to contribute to release of arachidonic acid (AA) and production of 
prostaglandins (PGs), the effects have been examined of tranexamic acid on AA- 
induced pigmentation in guinea pig skin. Topical application of tranexamic acid 
causes a dose-dependent decrease in AA-induced pigmentation. Thus this report 
indicated that tranexamic acid reduces melanocyte tyrosinase activity by suppressing 
the UV induced the production of prostaglandin, UV-induced melanogens, and thus 
melanogenesis [38,39].
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c .  E v a lu a tin g  S k in -L ig h te n in g  A g e n ts  [40]

I n  v i t r o  e v a lu a tio n

To develop effective ingredients, including skin lightener, reliable evaluation 
methods are essential. Certain tests should be used to determine lightener or 
effectiveness, such as the enzyme, cell-culture and tissue culture methods.

1. Enzyme method
Tyrosinase, commonly taken from mushrooms, is added to its substrate 

tyrosine or DOPA. Dopachrome is one of the intermediate substances in the melanin 
biosynthesis. By the dopachrome method, the red color of dopachrome can be 
detected by visible light. The potential tyrosinase inhibitor would show minimal 
dopachrome absorption [41]. Radioactive substrate can also be used.

2. Cell-culture method
Skin lightening agents are added to a culture medium to evaluate their 

inhibitory effect on melanogenesis in either mouse B-16 melanoma cells or human 
melanocytes. This method allows detection of not only inhibitory effect on enzyme 
activity of tyrosinase, but also on any process not related to tyrosinase, such as the 
inhibition of synthesis of the sugar side chain or transfer enzymes between organelles.

3. Tissue-culture method
This method is sometimes used to study the interaction of melanocytes with 

their neighboring cells and tissues. Dissected mouse follicles or guinea pig skin are 
commonly used.

I n  v i v o  e va lu a tio ns  [40]

Once results from in vitro methods prove promising, in vivo methods should be 
used to confirm the efficacy. 1

1. Effect on UV-induced pigmentation
Following uv irradiation, pigmentation changes on exposed area of either 

the shaved backs of guinea pig skin or the human forearm are assessed visually,
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optically (by chromometer or mexameter) and histologically. Topical application of 
the test samples may start before or after the UV-induced pigmentation has subsided, 
depending on the test’s objective.

2. Clinical tests
Placebo-controlled clinical tests determine a skin lightening efficacy to cure 

or improve facial pigmentary disorders. Researchers can also evaluate possible side 
effects and any other effects, such as the result of adding sunscreen.
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