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Effects  o f  E s t r o g e n s  on H u m a n  M e l a n o c y t e s  
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Subjects  with e leva ted  s e r u m  es t rogen  concen t ra t ions ,  such as those who a re  p r e g n a n t  or  ingest ing 
e s t rogen -con ta in ing  con t r acep t ive  med ica t ion ,  m a y  develop inc reased  skin p igmen ta t i on .  As lit t le 
i n f o r m a t i o n  is avai lable  on the m e c h a n i s m ( s )  unde r ly ing  this re la t ionship ,  the  in vitro effects of  
es t rogens  on me l anocy t e s  c u l t u r e d  f r o m  n o r m a l  h u m a n  skin were  examined .  Phys io logica l  concen-  
t r a t ions  of  17fl-estradiol  (10 -11 to 10-9M) s ignif icant ly  inc reased  the ac t iv i ty  of  ty ros inase  in 
me l a noc y t e s  f r o m  15 of  23 subjects.  The  obse rved  increases  r anged  f r o m  1.2- to 2.4-fold. Melan in  
synthesis ,  which c o r r e l a t e d  with ty ros inase  ac t iv i ty  (r  = 0.98, P < 0.001) was inc reased  to a s imi la r  
extent .  Melan in  ex t rus ion  was also inc reased  by 17fl-estradiol  (10-9M). The es t rogens,  es t r iol  
(10 -9 M )  and  e s t r o n e  (10 -9 M )  s t i mu l a t ed  ty ros inase  ac t iv i ty  and me lan in  ex t rus ion  to a lesser ex ten t  
t han  17~-estradiol .  The  analogue  17~-estradiol  (10 -9 M) was shown to have effects on m e l a n o c y t e  
ty ros inase  ac t iv i ty  and m e l a n i n  ex t rus ion  tha t  were  equ iva len t  to those of  17/~-estradiol. The  pu re  
es t rogen  an tagonis t  ICI 164384 (10-6M) also s t imu la t ed  ty ros inase  act ivi ty.  Cyc lohex imide  
(50 pg /ml )  inh ib i t ed  17p-es t r ad io l - induced  ty ros inase  s t imu la t ion  (P < 0.001). These  resul ts  indica te  
tha t  severa l  aspects  of  m e l a n o c y t e  func t ion  r e spond  d i rec t ly  to es t rogenic  s t imula t ion .  The equival -  
ent  effects of  the 170t-analogue and a " p u r e "  an t i - e s t rogen  suggest  tha t  the 17/~-estradiol response  
m a y  be m e d i a t e d  t h r o u g h  a non-class ica l  m e c h a n i s m  which is s imi la r  to tha t  desc r ibed  in o the r  
t issues of  neu ra l  c res t  origin.  
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INTRODUCTION 

High estrogen levels have been reported to be 
associated with an increase in skin pigmentation [1]. 
This effect is particularly evident in pregnancy and 
in individuals ingesting estrogen-containing oral con- 
traceptives, though many factors have been implicated 
in the development of melasma including genetic 
predisposition, elevated progesterone or thyroid 
hormone concentrations, and solar exposure [2, 3]. 
We have previously reported that physiological 
concentrations of 17fl-estradiol enhanced tyrosinase 
activity (E.C.1.14.18.1) of cultured melanocytes 
from normal human skin [4]. In the current study, 
the effects of 17fl-estradiol and other estrogens on 
tyrosinase activity were further examined, as well 
as the effect of 17fl-estradiol on melanin synthesis 
and melanin extrusion, a process whereby formed 
melanin is secreted into the matrix surrounding the 
melanocyte [5]. An attempt was made to determine 
whether the observed effects were mediated through 
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the classical estrogen receptor [6], using the 17~t-ana- 
logue of 17fl-estradiol and two anti-estrogenic com- 
pounds. 

EXPERIMENTAL 

Materials 

All chemicals, including steroid hormones, were 
obtained from Sigma Chemical Co. (St Louis, MO) 
except for ICI 164384 which was provided by 
Dr A. Wakeling (Imperial Chemical Industries, 
Macclesfield, England). [3H]- and [14C]tyrosine and 
[3H]17fl-estradiol were obtained from Amersham 
Australia Pty Ltd (Sydney, Australia). Eagles mini- 
mum essential medium with Earle's salts (EMEM), 
Iscove's medium and foetal calf serum (FCS) were 
obtained from Flow Laboratories Inc. (Sydney, 
Australia). Plastic culture plates coated with bovine 
corneal endothelium-derived extracellular matrix 
(ECM) were obtained from International Biotech- 
nologies Ltd (Jerusalem, Israel), Wood Scientific Ltd. 
(Sydney, Australia) and Cell Dynamics (Sydney, 
Australia). 
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Culture conditions 

Human melanocytes were grown from neonatal fl)re- 
skin samples according to the method of Eisinger and 
Marko [7] with minor modifications as described pre- 
viously [8]. The cultures were maintained on uncoated 
plastic in E M E M  with 5% FCS (v/v), pH 7.2, contain- 
ing phorbol 12-myristate 13-acetate (PMA, 20nM),  
cholera toxin (CT, 10 nM), penicillin (60/2g/ml) and 
streptomycin (100 ~tg/ml). The cells used in this study 
had been cultured for 1-4 months. 

Experimental conditions 

Melanocytes near confluence were detached from the 
culture flasks with trypsin (0.05%) and ethylenedi- 
aminetetraacetic acid (EDTA,  0.02%) in phosphate- 
buffered saline and seeded at a density of 
2 x 104cells/cm 2 on to ECM-coated 24 well plates 
unless otherwise stated. Twenty-four  to 48 h after 
seeding, the growth medium was replaced with E M E M  
containing 5% FCS as the only mitogen. After 
overnight incubation, this medium was changed to 
E M E M  containing 2°i, FCS, or Iscove's medium 
containing bovine serum albumin (0.1% v/v), soybean 
lecithin (80/~g/ml) and transferrin (30/tg/ml). 
Melanocytes were then treated with the estrogens or 
other agents, added 3 times/day for up to 3 days and 
once on the day of assay, with daily changes of exper- 
imental medium. 

Tyrosinase activity 

Tyrosinase activity was measured by a modification 
of the method of Pomerantz [9], as described pre- 
viously [8]. This method measures the amount of 
[3H]H20 released from [3H]tyrosine as a result of the 
tyrosine hydroxylase activity of the tyrosinase enzyme. 
All values were corrected for non-enzymic hydroxyl- 
ation by subtracting the amount of [3H]H20 formed by 
cell extracts containing 1 mM phenylthiourea (PTU),  a 
specific inhibitor of the tyrosinase enzyme [10]. Cell 
numbers from replicate wells were counted in a Coulter 
Counter or haemocytometer. 

Melanin synthesis 

[laC]Tyrosine incorporation into TCA-precipitable 
melanin by live, whole cells was measured by a modifi- 
cation of the method of Chen and Chavin [11], as 
described previously [8]. The counts obtained in P T U -  
inhibited controls were subtracted from all values 
obtained. Under  these conditions, melanin formation 
was linear with cell number, with substrate concen- 
tration up to 8.0/~Ci/ml, and with time up to 6 h. 

Melanin extrusion 

The extrusion of [14C]melanin into the medium was 
measured by a slight modification of the melanin 
synthesis method. After 8 h in the presence or absence 
of estrogens, [HC]tyrosine (2/,Ci/ml) and dihydroxy- 

phenylalanine (DOPA, 10Hg/ml) wcrc added to the 
wells, which were incubated for a further 16 tl. 'l 'he 
medium was then removed and the cells washed and 
lysed with Tri ton X-100 (0.05°o v/v) in phosphate 
buffered saline. Melanin in the medium or cell extracts 
was precipitated with trichloroacetic acid as described 
previously [8]. Correction fi)r non-specific precipi- 
tation of counts was made by subtracting the counts 
obtained from cells incubated in the presence of PTU.  

Estrogen receptor assay 

The estrogen receptor immunocytochemical assay 
(ER-ICA) kit was obtained from Abbott  Labs (North 
Chicago, II). Melanocytes and frozen sections of a 
human breast cancer specimen were fixed and incu- 
bated with anti-estrogen receptor monoclonal antibody 
according to the method described by Bilous et al. [12]. 
In an attempt to induce the estrogen receptor, 
melanocytes were also preincubated with 17fl-estradiol 
( 10  - l °  tO 10 s in)  for 24h  before staining with anti- 
body. Uptake binding studies of [3Hll7fl-estradiol 
were carried out in whole cells as described previously 
for another steroid, 1,25-dihydroxyvitamin D~ [4]. 

Statistical analysis 

Statistical comparisons of the data were made using 
Student 's t-test for unpaired observations and by 
Analysis of Variance where appropriate. Where results 
were expressed as ratios such as tyrosinase ac- 
tivity/number of cells, the standard deviations of the 
ratios were calculated using the method of Colquhoun 
[13] before application of the t-test. 

RESULTS 

Incubation with 17//-estradiol significantly increased 
tyrosinase activity in melanocyte strains from 15 of 23 
donors. In melanocytes from those subjects responsive 
to estradiol, the maximal increases ranged from 1.2- to 
2.4-fold with a mean increase of 1.6 + 0.1 (SEM)-fold. 
The dose-response relationship for 3 donors is shown 
in Fig. 1. When tyrosinase activity was unaltered by 
17fl-estradiol treatment, there was also no change in 
the cell numbers (data not shown). In contrast, signifi- 
cant increases in tyrosinase activity were accompanied 
by decreases in cell numbers. There was, however, no 
correlation between the magnitude of the increase in 
tyrosinase activity and the magnitude of the corre- 
sponding decrease in cell numbers (n = 12, r = 0.255, 
P > 0.3). The stimulatory effect of 17fl-estradiol was 
only seen when melanocytes were plated on ECM and 
not when they were maintained on uncoated plastic. 

Tyrosinase activity and melanin synthesis were posi- 
tively correlated under basal conditions [8], and when 
tyrosinase activity and melanin synthesis were com- 
pared before and after treatment with various concen- 
trations of 17fl-estradiol, there was a strong positive 
correlation between these parameters (r = 0.98, 
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Fig.  1. L i n e a r  d o s e - r e s p o n s e  r e l a t i o n s h i p  b e t w e e n  17 / J -es t ra -  
diol  a n d  m e l a n o c y t e  t y r o s i n a s e  ac t i v i t y .  D a t a  a r e  t h e  
me .an  + S E M  ( b a r s )  o f  t r i p l i c a t e  d e t e r m i n a t i o n s .  S ign i f i -  
c a n t l y  d i f f e r e n t  f r o m  c o n t r o l  v a l u e s ,  *P  < 0.05; **P  < 0.025; 

***P  < 0.0l;  ****P  < 0.0025. 
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Fig.  2. L i n e a r  r e g r e s s i o n  a n a l y s i s  o f  t y r o s i n a s e  a c t i v i t y  v e r s u s  
m e l a n i n  s y n t h e s i s  a f t e r  i n c u b a t i o n  w i t h  17 /~-es t rad io l  (10 12 
to 1 0 - 9 M ) .  T h e  r e s p o n s e s  o f  m e l a n o c y t e  s t r a i n s  f r o m  3 
d i f f e r e n t  d o n o r s  to 17 /~-es t rad io l  w e r e  c a l c u l a t e d  as  p e r c e n t -  
age s  o f  c o n t r o l  v a l u e s .  D a t a  a r e  t h e  m e a n  o f  t r i p l i c a t e  

d e t e r m i n a t i o n s  fo r  e a c h  p a r a m e t e r .  

Table 1. Effects of estrogens ( I0-  9 M)  on melanocyte tyrosinase 
activity cell numbers and melanin extrusion (mean + S E M )  

Tyrosinase activity Cells/well Melanin extruded 
Estrogen (cpm/100 cells/4 h) (in duplicate) (cpm/100 cells/16 h) 

Control 548 + 21 29774 6.4 + 2.0 
fl-estradiol 1015 + 60*** 16350 22.0 + 0.1"** 
Estrone 615 + 29* 26700 8.7 + 1.1 
Estriol 733 + 58** 24720 3.8 + 2.4 

Significantly different from control values; *P < 0.02; **P < 0.01; 
***P < 0.001. 

P < 0.001; Fig. 2). In addition to increased melanogen- 
esis, melanin extrusion into the medium was also en- 
hanced by 17fl-estradiol. The relative effects of 
17fl-estradiol, estrone and estradiol on tyrosinase ac- 
tivity, cell numbers and melanin extrusion are shown 
in Table 1. Preliminary results indicate that the cate- 
chol estrogen 2-hydroxyestradiol at 10 -9M increased 
tyrosinase activity and melanin synthesis by 
1.13 + 0.04 (SEM)-fold (P < 0.05) and 1.25 + 0.04 
(SEM)-fold (P < 0.05), respectively without affecting 
cell numbers. 

The presence of cycloheximide, in a dose shown 
to inhibit [3H] leucine incorporation [14], abolished the 
stimulatory effect of 17fl-estradiol on tyrosinase ac- 
tivity [Figure 3(A)]. Cycloheximide markedly 
increased melanin extrusion into the medium in 
otherwise untreated cells from 754 + 23 to 
3192 + 540 cpm/104 cells/16 h (P < 0.001). No radio- 
labelled melanin was detected in either control or 
estradiol-treated melanocytes in the presence of cyclo- 
heximide. 

Incubation of melanocytes with the pure estrogen 
antagonist ICI  164384 (10 -6 M) also increased tyrosi- 
nase activity [Fig. 3(B)]. When both 17fl-estradiol 
and ICI  164384 were preincubated with the cells, 
tyrosinase activity was no higher than with either agent 
alone. In each of three experiments, the stimulation of 
tyrosinase by 17fl-estradiol was mimicked by 17~- 
estradiol (Table 2). In an experiment where treatment 
with 10-9M 17fl-estradiol increased melanin extrusion 
3.4 + 0.01 (SEM)-fold (P < 0.001), treatment with 
10-9M 17~-estradiol also increased melanin extrusion 
2.0 + 0.3 (SEM)-fold (P < 0.001). Cell numbers were 
similar after both treatments. Nuclear magnetic reson- 
ance studies indicated that the spectra of the 17fl- and 
17~-estradiol compounds were consistent with the ex- 
pected stereochemical configurations (data not shown). 

No estrogen receptors were found using the Abbott  
monoclonal antibody estrogen receptor kit, which 
showed clearly positive results with breast cancer cells. 
Since it has been proposed that apparent estrogen 
binding to pigment cells may be an artefact due to 
[3H]H20 release from tritiated estradiol by tyrosinase 
[29], specific binding of [3H] 17fl-estradiol was tested in 
the presence of the tyrosinase inhibitor PTU.  Specific 
binding was not demonstrated under these conditions. 
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Fig.  3. (A) T y r o s i n a s e  a c t i v i t y  in  m e l a n o c y t e s  a f t er  t r e a t m e n t  
w i t h  1 7 ~ - e s t r a d i o l  (10 9M) in t h e  p r e s e n c e  or  a b s e n c e  o f  
c y e l o h e x i m i d e  ( 5 0 / * g / m l )  (B)  T y r o s i n a s e  ac t i v i ty  in 
m e l a n o c y t e s  a f t er  t r e a t m e n t  w i t h  1 7 # - e s t r a d i o l  (10 ~ M )  in 
the  p r e s e n c e  or  a b s e n c e  o f  ICI 164384 (10 ~ M). D a t a  are  the  
m e a n  _+_ S E M  (bar )  o f  t r i p l i c a t e  d e t e r m i n a t i o n s .  S i g n i f i c a n t l y  
d i f f erent  f r o m  c o n t r o l  va lues ,  *P < 0.025; **P < 0.01; 

***P < 0.0025; ****P < 0.001. 

D I S C U S S I O N  

Skin p igmenta t ion  in vivo is de te rmined  by gen-  
etic, environmental ,  local and endocr ine  factors 
which influence both melanin synthesis within 
each melanocyte  and the dis t r ibut ion of  melanin 
t h roughou t  the epidermis  [15]. In a previous report ,  
we demons t ra ted  that  17fl-estradiol increased 
melanocyte  tyrosinase activity in vitro [4]. These  
studies have now been extended to show that 
responsiveness to 17fi-estradiol is donor -dependen t  

7"able 2. Comparison between the effects of 17fi-estradiol 
(I0 9M) and 17~-estradiol (10 9M) on melanocyte 
tyrosinase activity in cpm/lO0 cells~4 h (mean + S E M )  

Control fl-Estradiol :~-Estradiol 

Experiment  1 548 + 2l 1015 + 60** 988 + 78** 
Experiment  2 671 ± 12 965 ± 68* 900 _+ 57* 
Exper iment  3 1079 + 42 1473 + 28** 1750 + 47** 

Significantly' different from control values; *P < 0.005; 
**P < 0.001. 

and that melanin synthesis and extrusion is als~ ll> 
creascd by the hormone.  

Significant s t imulat ion of  tyrosinase activity by l - f i -  
estradiol was seen in 65",, of  donors.  Melanocyic  
strains f rom 8 out  of  23 donors  showed no significant 
alteration in tyrosinase activity in response 1o lhe 
hormone.  Despi te  the reproducibi l i ty  of  the s t imu- 
latory effect of  17fi-estradiol in most  donors,  both thc 
basal tyrosinase activity and the degree of  st imulation 
varied noticeably in melanocytes  f rom different donors,  
as would be expected from in vivo studies. Estrogen 
responsiveness could not be predicted by basal tvrosi- 
nase activity or plat ing/proliferat ive capacity as as- 
sessed by cell numbers  in vehicle-treated wells. A 
response to hormones  was only observed in 
melanocytes  plated on E C M  in the absence of  P M A  
and CT.  T h e  E C M  is unders tood  to resemble the basal 
lamina of  skin where melanocytes  normal ly  reside, and 
it maintains melanocytes  in a relatively quiescent but 
highly differentiated state in the absence of  mitogens 
which might  otherwise interfere with hormone  signal 
processing [8]. T h e  authors  are also aware that, whilst 
most  studies on melanocytes  have depended  on cells 
f rom neonatal  skin, some caution must  be exercised in 
extrapolat ing any of  the results to the adult situation. 

T h e  s trong correlation between tyrosinase activity 
and melanin synthesis in cells treated with 17fi-cstra- 
diol is not surprising since melanin content  in m a m -  
malian p igment  cells is quanti tat ively dependent  on 
tyrosinase activity [4, 16, 17]. T h e  subsequent  transfer  
of  melanin from melanocytes  to kerat inocytcs is bc- 
lieved to occur  by two processes. T h e  first process 
involves the contact  of  a melanocyt ic  dendri te  with the 
cell membrane  of  a keratinocyte,  which then pinches off 
the dendri t ic  tip containing melanosomcs  and encloses 
it within a phagocyt ic  vacuole prior  to melanin dis- 
persion [15]. T h e  second process inw)lves the extra- 
cellular secretion of  melanosomes from melanocvt ic  
dendrites,  and their subsequent  engul fment  by the 
ne ighbour ing  kerat inocytes [5]. Our  studies with cvclo- 
heximide, which inhibited the increase in tvrosinasc 
induced by 17fl-estradiol and caused almost  complete  
melanin extrusion under  basal condit ions,  is consistent 
with the suggestion that melanin extrusion may be 
tonically inhibited by a protein with a relatively short 
half-life. T h a t  17fi-estradiol directly enhances melano-  
genesis and melanin extrusion in melanocytes  in vitro 
provides some evidence to suppor t  a role for estrogens 
in modula t ing  skin p igmenta t ion  and in the develop-  
ment  o f  melasma. 

T h e  biological effects of  estrogens in classical target 
tissues, such as the uterus and breast,  are believed to 
be mediated by the b inding  of  estrogen to an intracellu- 
lar steroid receptor  protein and the subsequent  alter- 
ation of  gene expression [6]. T h e  affinities of  estrone 
and estradiol for the estrogen receptor  in uterine tissues 
are approx.  20 and 5"<,, respectively of  that of  17fi- 
estradiol [6]. T h e  reduced activity of  estrone and estriol 
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o n  t h e  t y r o s i n a s e  a c t i v i t y  o f  m e l a n o c y t e s ,  t o g e t h e r  w i t h  

t h e  a b o l i t i o n  o f  t h e  e s t r o g e n i c  ef fec ts  in  t h e  p r e s e n c e  o f  

c y c l o h e x i m i d e ,  a re  c o n s i s t e n t  w i t h  a c lass ica l  e s t r o g e n  

r e c e p t o r - m e d i a t e d  m e c h a n i s m ,  b u t  a re  also c o n s i s t e n t  

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

t h a t  I C I  164384 is a p u r e r  a n t i - e s t r o g e n  t h a n  t a m o x i f e n  

a n d  has  l i t t le  a g o n i s t  a c t i v i t y  [18-20] ,  a s t i m u l a t o r y  

e f fec t  o f  th is  a g e n t  was  o b s e r v e d  in  o u r  m e l a n o c y t e  

sy s t em.  

M o r e  s t r i k ing ly ,  t h e  c o n c e p t  o f  a c lass ic  r e c e p t o r -  

m e d i a t e d  m e c h a n i s m  is i n c o n s i s t e n t  w i t h  o u r  o b s e r -  

v a t i o n  t h a t  t h e  effects  o f  1 7 ~ - e s t r a d i o l  w e r e  v e r y  s imi l a r  

to  t h o s e  o f  17f l - e s t r ad io l .  S i m i l a r  ef fects  o f  17c¢ a n d  

1 7 f l - e s t r a d i o l  h a v e  p r e v i o u s l y  b e e n  r e p o r t e d  in t h e  

e s t r o g e n  r e c e p t o r  n e g a t i v e  M D A - M B - 3 3 0  h u m a n  

b reas t  c a n c e r  cel l  l ine  [21]. W h i l e  it  is p o s s i b l e  t h a t  

1 7 ~ - e s t r a d i o l  can  be  i s o m e r i z e d  to 17 f l - e s t r ad io l  

in v i t ro  [22], o t h e r  e x p e r i m e n t s  i n d i c a t e  t ha t  in s o m e  

t i s sues  o f  n e u r a l  c re s t  o r i g i n  t he  p h e n o l i c  17 f l - e s t r ad io l  

can  be  c o n v e r t e d  by  2-  a n d  4 - h y d r o x y l a s e  e n z y m e s  to  

c o m p o u n d s  w h i c h  r e s e m b l e  c a t e c h o l a m i n e s  [23, 24]. 

T h e s e  c a t e c h o l  e s t r o g e n s  e x h i b i t  r e d u c e d  aff in i ty  fo r  

t h e  e s t r o g e n  r e c e p t o r  [25] b u t ,  by  v i r t u e  o f  t h e i r  

c a t e c h o l  s t r u c t u r e ,  h a v e  b io log i ca l  a c t i v i t y  in severa l  

in v i t ro  s y s t e m s  [26, 27]. M o r e o v e r ,  1 7 ~ - e s t r a d i o l  can  

be  c o n v e r t e d  to  c a t e c h o l  e s t r o g e n s  in a s imi l a r  m a n n e r  

to 1 7 f l - e s t r a d i o l  [28], a n d  is e q u i p o t e n t  to  17 f l - e s t r ad io l  

in i n h i b i t i n g  t y r o s i n e  h y d r o x y l a s e  a n d  c a t e c h o l - o -  

m e t h y l t r a n s f e r a s e  a c t i v i t y  in  r a b b i t  a n d  rat  b r a i n  

in v i t ro  [25, 28]. T h e  r e l a t i ve ly  m o d e s t  ef fects  o f  2 - h y -  

d r o x y e s t r a d i o l  in  th i s  p r e l i m i n a r y  s t u d y  m a y  be  d u e  to  

t he  l ike ly  r a p i d  m e t a b o l i s m  o f  th i s  m e t a b o l i t e  w h e n  it  

is p r o v i d e d  as s ing le  doses  r a t h e r  t h a n  b e i n g  s y n -  

t h e s i z e d  o v e r  a p e r i o d  o f  t i m e  f r o m  its s u b s t r a t e  [29]. 

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

t h e t i c  p a t h w a y s  w i t h i n  m e l a n o m a  cel ls  has  b e e n  p r e -  

s e n t e d  by  M c E w a n  a n d  P a r s o n s  [30]. F u r t h e r m o r e ,  i t  

has  b e e n  s h o w n  tha t  t y r o s i n a s e  can  u t i l i ze  e s t r ad io l  as 

a s u b s t r a t e  a n d  h y d r o x y l a t e  it  to a c a t e c h o l - l i k e  c o m -  

p o u n d  [31]. T h i s  m a y  be  pos s ib l e  b e c a u s e  the  A r i n g  

o f  e s t r a d i o l  has  s t r u c t u r a l  r e s e m b l a n c e  to  t he  p h e n o l i c  

g r o u p  o f  t y r o s i n e  a n d  t h u s  m a y  s u b s t i t u t e  fo r  t y r o s i n e .  

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

m e l a n o c y t e  t y r o s i n a s e  s t i m u l a t i o n  b y  the  c a t e c h o l  es-  

t r o g e n  2 - h y d r o x y e s t r a d i o l  s u g g e s t s  t h e  p o s s i b l e  r e g u -  

l a t ion  o f  t y r o s i n a s e  by  c a t e c h o l - l i k e  c o m p o u n d s .  

H o w e v e r ,  t h e  p r ec i s e  m e c h a n i s m  by  w h i c h  e s t r o g e n s  

m a y  af fec t  m e l a n o c y t e  f u n c t i o n  t h r o u g h  c a t e c h o l  i n t e r -  

m e d i a t e s  is as ye t  u n k n o w n .  
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