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Complete depigmentation of the normal
skin of adult male blacks was procured by
the daily application for five to seven
weeks of a formula consisting of 0.1%
tretinoin, 5.0% hydroquinone, 0.1% dexa-
methasone, and hydrophilic ointment. De-
pigmentation was not attainable when any
one of the components was omitted.
The formula was therapeutically effec-

tive in treatment of melasma, ephelides,
and postinflammatory hyperpigmentation.
Senile lentigines were resistant to this
therapy.

Pigmentary changes are an impor¬tant source of human misery.
They immediately set one apart and
consequently threaten psychosocial
and psychosexual identity. Pigmen¬
tary nonconformists are never

praised and are generally viewed as
odd and unattractive. The lack of
physical impairment is but slight
compensation for the mental anguish
of the outcast with too little or too
much melanin, especially when the
changes occur in bizarre patterns.
Physicians have lagged consid¬

erably behind laymen in appreciating
that these afflictions merit medical
attention; even today scientists of
high ability and low sensitivity refer

to pigmentary abnormalities as "cos¬
metic." One untoward effect of such
cavalier "put-downs" is to divert indi¬
viduals with pigmentary problems to
beauticians rather than physicians.
Dermatologists, happy to say, gener¬
ally accord these patients the sympa¬
thy they need and are well schooled in
the utilization of available remedies.
The current therapy for hyper-
pigmentation is unsatisfactory. Al¬
though a great deal is known about
the biology and biochemistry of mela¬
nin synthesis, an acceptable means of
reducing excessive melanization is
not at hand.

HISTORICAL BACKGROUND
The ancients showed great enter¬

prise in the search for agents that
would lighten hyperpigmented skin.
The fact that many of their methods
are still with us today eloquently de¬
scribes our therapeutic impotency.
Heavy metals, especially salts of mer¬
cury, are still widely used often in
combination with salicylic acid. They
are partially but inconsistently effec¬
tive. Enzyme inhibition is the prob¬
able mode of action. The possibility of
systemic poisoning is a good reason
why mercury should not be used day
after day. Oxidizing agents, such as
peroxides and chlorates, are more ef¬
fective bleaches for hair than skin.
Reducing agents, such as organic
acids and lemon juice, aim to trans¬
form melanin to the colorless leuko-
form. These have marginal effects on
the integument.
What might be called the modern

period began when Oettel produced
grey hair in black cats by feeding
them hydroquinone.1 Since that time
the capacity of this agent to produce
depigmentation has been demon¬
strated in fish, rodents, and man.23,4
An occupational accident in 1939
triggered a tremendous interest in
the possible therapeutic applications
of hydroquinone derivatives.5 Black
workers in a tannery experienced de-
pigmentation of the hands under the
area covered by rubber gloves. The
responsible agent proved to be the
anti-oxidant, monobenzylether of hy¬
droquinone (MBEH). Lerner and Fitz-
patrick then showed that this chem¬
ical could depigment the normal skin
of blacks and was indeed useful for
alleviating pathologic hyperpigmen-
tation.6 Creams containing up to 20%
MBEH became available by pre¬
scription. Hope, however, soon gave
way to uncertainty; doubt then devel¬
oped into despair.
Becker and Spencers' study of
MBEH doomed this agent.7 They
made daily applications in vanishing
cream to the normal skin of blacks for
four months. They could not procure a
uniform, controllable depigmenta¬
tion. Approximately 25% of the sub¬
jects showed no lightening when
treated with drug concentrations
ranging from 1% to 20%. More seri¬
ously, about half of those patients
whose skin became depigmented
showed an extension of the leuko-
derma beyond the area of application;
this continued for many months after
treatment stopped. The appearance
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Fig 1 .—Left, Transverse section of skin before treatment. Right, Specimen from depigmented skin after six weeks of
treatment. Epidermis is acanthotic and keratinocytes larger; granular layer is increased, with conspicuous granules
(hematoxylin-eosin, x 630).

of leukoderma at distant sites is a
puzzling but rather characteristic ad¬
verse happening with this class of
compounds.8
Moreover, MBEH proved to be a

potent contact sensitizer. Worst of
all, about half the subjects had leuko¬
derma for the next two years and
about a third for at least four years,
presumably the longest period of
follow-up. Persistent and perhaps
permanent depigmentation is the
spectre that caused the editorial com¬
ment that "the therapeutic use of
MBEH has been responsible for a
number of cosmetic disasters."9
Meanwhile, investigators were fre¬
netically searching for chemicals that
might be both safe and effective when
they were applied topically. Brun
evaluated the effect of thirty com¬
pounds applied on the pigmented nip¬
ples of guinea pigs and found that the
monomethyl and monomethyl ethers
of hydroquinone also were potent de-
pigmenting agents.10 Chavin and
Schlesinger injected a number of
chemicals into goldfish and added cer¬
tain mercaptoamines to the list of
powerful depigmentors.2 The latter
are also effective in the treatment of
mammalian skin; however, they are
both irritating and malodorous.11
Bleehen et al applied all the afore¬

mentioned compounds and many re¬
lated ones, thirty-three in all, to black
guinea pigs and discovered 4-isopro-
pyl catechol to be the most effective.12

Fig 2.—Left, Before treatment. Melanin granules are prominent in basal layer, often in
form of caps over the nuclei. Pigment granules are visible in horny layer of blacks. Right,
After eight weeks of treatment. Pigment granules, mainly in basal cells, can barely be
seen (Fontana's silver stain, x 630).

Therapeutic Effectiveness of Basic Formula
No. of Patients No. of Patients With

Disorder Treated Satisfactory Response
Melasma 16 14
Ephelides 11
Postinflammatory pigmentation 18 12
Senile lentigines [hands)

This, too, is a moderately strong con¬
tact allergen.
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Fig 3.—Left, Melasma before treatment. Right, After eight weeks of treatment.

Fig 4.—Complete depigmentation of normal skin of
blacks after six weeks of twice daily application of formu¬
lation (at left) and after nine weeks of treatment (at right).

made to find out how these various
monohydroxyphenyl and dihydroxy-
phenyl derivatives cause depigmenta¬
tion.
It is the consensus that destruction

of melanocytes accounts for the de-
pigmentation. The electron-micro¬
scopic studies of Bleehen et al in
guinea pigs convincingly showed that
isopropyl catechol either inactivated
or destroyed melanocytes.12 In their
ultrastructural studies, Malten and
his colleagues could not find melano¬
cytes in the skin from patients de-

pigmented by p-tertiarybutyl and its
homologues.10 Kahn found only oc¬
casional melanocytes in the skin of
hospital attendants using phenolic
germicides.14
But it is the work of Riley above

all whose analysis has most illumi¬
nated the subject. He has shown that
monomethyl ether of hydroquinone is
selectively incorporated into cultured
melanocytes.16 Evidence of free radi¬
cal formation has been obtained in
guinea pig skin treated with this
agent. Cultured melanocytes are ir-

reversibly damaged by exposure to
low concentrations." Riley postulates
that these compounds diffuse into
the melanosomes of the pigment cell
where they are oxidized by tyrosinase
to produce free radicals; the latter
bring about lipid peroxidation of cell
membrane lipids, thus killing the cell.
It appears that all the substituted

phenols so far studied in animals
and man are melanocidal. Such com¬
pounds are specifically cytotoxic to
melanocytes and have but little effect
on keratinocytes. Hydroquinone, one
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notes, is not a substituted phenol.
Earlier, Dentón et al were able to
show that most of these compounds
could block the hydroxylation of tyro-
sine to dopa in vitro and thus might
inhibit the first step in melanin syn¬
thesis.3
Spencer noted that hydroquinone
itself was apparently free of the dele¬
terious effects of MBEH. With the
use of 2%, 3%, and 5% concentrations
of hydroquinone, depigmentation of
senile lentigines in more than 75% of
white males was obtained.18 Repig-
mentation occurred promptly after
cessation of treatment and depig¬
mentation of distant sites was ab¬
sent. As shown by light microscopy,
melanin granules were decreased in
depigmented skin but the number of
melanocytes was about the same. In
this way the use of hydroquinone in
a low concentration was introduced
into practice.
In a study of 56 patients with vari¬

ous pigmentary disturbances, Arndt
and Fitzpatrick found 2% and 5% hy¬
droquinone creams to be moderately
effective depigmenting agents in 80%
of the cases.19
BACKGROUND of PRESENT

STUDY

Though hydroquinone seems safe
enough, our experience with commer¬
cial and extemporaneously consti¬
tuted creams containing 2% to 5%
concentrations of hydroquinone has
been disappointing. Only a fraction
of melasma patients achieved enough
lightening to produce a satisfying re¬
sult after three months of twice daily
applications. Likewise, the benefits
were marginal when 2% to 10% con¬
centrations of hydroquinone were
used to depigment uninvolved skin by
patients with extensive vitíligo. We
have concluded that hydroquinone by
itself is not sufficiently potent to ac¬
complish the needed degree of light¬
ening in patients with hyper-
pigmentary disorders.
One tends to think of hyperpig-
mentation as mainly a problem of
whites until one begins to acquire ex¬
perience with blacks. In the latter,
the most trivial chemical and physical
traumata, frequently unnoticed or
unrecollectable, tend to produce per-

sistent hyperpigmentation. Exten¬
sive patch testing of black volunteers
with various irritating and allergenic
chemicals awakened our sensibilities
to the problem of hyperpigmentation
in blacks.
Two observations led us to suppose
that a way might yet be found to en¬
hance the pharmacologie effective¬
ness of hydroquinone. First, in treat¬
ing hundreds of acne patients with
topically applied tretinoin, we became
aware that the skin sometimes be¬
came lighter after many months of
use. The degree of hypopigmentation
was slight. Second, the intradermal
injection of corticosteroids into the
skin of blacks in connection with as¬
says of anti-inflammatory activity
quite commonly resulted in striking
loss of pigment at the injection site.
Cahn noticed this phenomenon after
injection of corticosteroids into le¬
sions of black patients.20 We too have
observed this, so far only in blacks. In
time the pigment returns. The appli¬
cation of tape containing cortico¬
steroids may also result in light¬
ening.21
At last the idea was proposed that

a combination of these various hypo-
pigmenting drugs might be more ef¬
fective than each alone.

MATERIALS AND METHODS

Initially, white patients with various hy¬
perpigmentation problems were used. This
proved tedious and unfeasible in view of
the number of variables that had to be
studied. The patient supply was too limited
and too few preparations could be eval¬
uated at a time.
We then turned to white skin artificially

tanned by ultraviolet radiation. This
proved feasible, but evaluation was diffi¬
cult since the tan decreased spontaneously
in the time required to achieve an effect.
Finally, we hit upon the idea of using the

normal black skin of healthy, young, adult,
black, male prisoner volunteers. This
proved eminently advantageous: depig-
mentation was easy to appraise, and the
effects were repeatable. Groups of five to
ten volunteers were used per study. The
formulation that resulted from these stud¬
ies was finally appraised in patients with
hyperpigmentary disorders.

Chemical Formulations

After many trials that led us through a
maze of trails we finally arrived at our

chemical destination. It would serve no
purpose to chronicle our experimental
wanderings. The formula that eventuated
has the following composition: tretinoin,
0.1%; hydroquinone, 5.0%; and dexametha-
sone, 0.1%.
The vehicle was either hydrophilic oint¬

ment or a solution consisting of equal parts
of ethanol and propylene glycol. Bases that
were considerably less effective included
petrolatum, lanolin, and polyethylene gly¬
col. Dexamethasone was selected as the
test steroid because it was economically
available to us in a pure form. Other
steroids may be substituted.
The cream and solution were never more

than 30 days old. The addition of anti-oxi-
dants did not enhance activity.

Method of Application
The agents were applied twice daily to

squares of back skin outlined by a card¬
board stencil. We came to appreciate that
a moderate degree of irritation (peel¬
ing and erythema) promoted earlier and
greater depigmentation. The amount ap¬
plied was therefore regulated to achieve
this effect.

Histologie Studies
Biopsy specimens fixed in formaldehyde

solution were stained with hematoxylin-
eosin, PAS for glycogen, and Fontana's
ammoniated silver stain for melanin. The
epidermis from shave biopsy specimens
was separated by 2N sodium bromide and
stained by the dopa reaction for mela¬
nocytes.

RESULTS
Depigmentation of

Normal Skin of Blacks
These observations pertain to more

than 100 subjects who were depig-
mented by application of the above
formulation.
As a rule, lightening was not in evi¬

dence before three weeks. Occasion¬
ally it took as long as four to five
weeks for the skin of some subjects
to begin depigmenting. Pigment loss
was frequently blotchy at first. The
follicles were generally last to depig-
ment, creating a punctate pattern.
No individual was completely re¬

sistant, though the speed of depig¬
mentation was variable. As a rule,
maximum depigmentation was ob¬
tained in five to seven weeks and was
in most cases nearly complete. We
mean by this that skin color was less
than that of fair skinned whites, ap¬
proaching an ivory hue. The result
was depigmentation, not hypopig-
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mentation.
Peeling and sometimes redness

usually preceded depigmentation.
Tenderness and burning were fre¬
quent complaints but inflammation
was never severe enough to dis¬
continue treatment. After about one
month of treatment, the skin became
hardened; thereafter, liberal appli¬
cations produced little or no irrita¬
tion.
It should be emphasized that ir¬
ritation is not a prerequisite for
depigmentation; it does, however, ac¬
celerate the process. When depigmen¬
tation was complete, applications
were reduced to once daily. The sites
stayed depigmented as long as treat¬
ment continued. We observed at least
a dozen individuals who were treated
daily without mishap for about six
months. The only visible skin change
was loss of pigment. Depigmentation
did not spread beyond the borders of
the treated areas.
Repigmentation started within one

to two weeks after treatment ceased.
This followed the course so well
known in vitíligo—inward spread
from the borders and centrifugally
from the follicular orifices. The pig¬
ment was not only restored by about
a month but sometimes was increased
in relation to normal skin. Generally
there was sufficient color blending by
three to four months after cessation
of treatment to render the treated
sites invisible.
Effect of Ultraviolet Radiation
The biweekly application of two
minimum erythema doses (MEDs) (de¬
termined individually on normal skin)
during the period of application was
extremely antagonistic to the depig-
menting effect. The most that could
be achieved was moderate lightening
after two months of use. The appli¬
cation of two MEDs of erythemic ra¬
diation in depigmented subjects im¬
mediately after stopping treatment,
with one additional exposure five
days later, resulted in complete repig-
mentation by 10 to 14 days. Irra¬
diated depigmented sites always be¬
come hyperpigmented with relation
to untreated sites.
Occlusive vs Open Applications
Application twice daily to one side
of the back of four individuals was
compared to once daily application
under a continuous occlusive seal of
polyethylene film.
Occlusion increased irritation in

each case. It also enhanced the onset
and rate of depigmentation. In three
of these four subjects hypopigmenta-
tion was evident in a week and was
maximal by three to four weeks after
the start of treatment.

Variations in the
Concentration of Components
The concentration of one ingredi¬

ent at a time was varied in a group of
five subjects.
Hydroquinone.—A hydroquinone con¬
centration of 10% brought about
depigmentation more rapidly than
that of 5%. Irritancy increased and
the cream was more likely to undergo
brownish discoloration. This had been
noted by Spencer too.19
Reducing the concentration of the

drug to 2% decreased its irritative-
ness but diminished its potency.
Complete depigmentation could be
achieved but at the expense of time,
maximal effects requiring three
months or so. Applications thrice
daily almost overcame this.
Tretinoin.—Increasing the concen¬
tration of tretinoin to 0.2% accen¬
tuated irritation without a corre¬

sponding gain in effectiveness. With
a concentration of 0.05%, irritancy
decreased but a few weeks longer
were required for complete depig¬
mentation. Depigmentation was not
achieved when the concentration was
reduced to 0.01%.
Dexamethasone.—Increasing the con¬
centration of dexamethasone to
0.2% did not lessen irritancy but did
enhance effectiveness in a very clear-
cut manner. With a 0.05% concentra¬
tion there appeared to be only a slight
loss of effectiveness.
In sum, lowering the concentration
of each component by about one half
decreases potency, but depigmenta¬
tion is still obtainable.

Omission of One Ingredient
Omitting one component always re¬

sults in loss of therapeutic effec¬
tiveness; it was not possible to obtain
complete depigmentation after three
months of twice daily applications in
groups of three to four subjects.
Lightening was visible but, on the
whole, slight. While every ingredient
was crucial to attain our established
end-point, we could form a crude esti¬
mation of the relative

was



sides, Kahn had come to the conclu¬
sion that practically any phenolic
substance could induce hypopigmen-
tation with sufficiently intense expo¬
sure.14 He even observed loss of
pigment with occlusively applied hex-
achlorophene.
We tested this possibility by sub¬
stituting the following substances in
place of tretinoin in the basic for¬
mula: (1) 2.5% to 5.0% sodium lauryl
sulfate (this denatures the horny
layer barrier and greatly potentiates
penetration); (2) 5% to 10% phenol; (3)
10% resorcinol; (4) 5.0% trichloroacetic
acid; (5) 2.5% benzalkonium chloride
3500 (Hyamine 3500) (a cationic qua¬
ternary salt); (6) 5% sodium salt of
tetrachlorphenol; and (7) 5% salicylic
acid.
These studies were conducted on
different groups of four to five sub¬
jects and always the basic formula
was used as a control.
The irritant reactions produced by
this group of substances was as great,
and in some instances greater, than
that produced by the basic formula.
In no case, however, was the depig-
menting effect comparable. Sodium
lauryl sulfate came closest to being
an effective replacement, that is to
say, the depigmentation was greater
than could be achieved with the com¬
bination of hydroquinone and the cor¬
ticosteroid. Phenol was also partially
effective. Neither compound can be
given serious consideration. Trichlo¬
roacetic acid, the quaternary salt, and
tetrachlorphenol seemed to nullify
the depigmenting effect.

Racial Influence
At first, light- and dark-skinned

blacks were used indiscriminately.
We gradually came to appreciate that
deeply pigmented individuals were
more susceptible to the depigmenting
effect.
This finding was evaluated in a

parallel study in which twice daily ap¬
plications of the basic formula were
made for eight weeks in three groups
consisting of five subjects each: (1)
very dark blacks, (2) lightly pig¬
mented blacks, and (3) whites of aver¬
age complexion.
In regard to the onset and final ef¬

fect after eight weeks of treatment,

there were important



group. Again normal skin was only
slightly lightened.
More difficulty was experienced
with color blending in patients with
postinflammatory hyperpigmenta¬
tion. These patients were blacks in
whom patch tests with irritants and
allergens had provoked intensified
pigmentation, usually on the forearm
or back. Without exception, pig¬
ment-loss was first noted in the hy-
perpigmented square and was regu¬
larly well under way by the third
week of treatment. Needless to say,
in this group one seeks only to re¬
duce pigmentation to the background
level.
Two individuals with postinflam¬
matory hyperpigmentation re¬

sponded only moderately; their cases
were highly instructive and revealed
a limitation that cannot be overcome.
In both patients, the skin had become
intensely hyperpigmented following
intensive allergic contact dermatitis.
The reason for resistance was seen in
the biopsy specimen: in addition to
increased epidermal melanin, there
were many dermal histiocytes with
large aggregates of melanin gran¬
ules. This change might be regarded
as a dermal tattoo and is inaccessible
to the pharmacologie actions of the
depigmenting formula.
Two black patients with extensive

long standing vitíligo were treated
by the obverse technique, that is,
by depigmenting the unaffected areas.
The course of depigmentation fol¬
lowed the pattern we had learned to
expect in normal blacks. Depigmenta¬
tion was complete in 9 and 11 weeks
respectively. Both seemed pleased. In¬
explicably, both defected from treat¬
ment; neither could be located for fol¬
low-up.
The patients with lentigines were

elderly whites, more than 65 years
old, with the usual stigmata of actin¬
ically damaged skin. It was more dif¬
ficult to induce peeling on the backs
of the hands; nonetheless, even with
three and four applications daily, only
slight depigmentation was achieved.

COMMENT

The depigmenting ability of this
combination of drugs is impressive

(Fig 4). In our estimation, hydro¬
quinone—no matter how formulated—
is not effective enough to satisfy the
needs of most patients with hyper¬
pigmentation disorders. Claims such
as Spencer's are utterly baffling to us
and completely alien to our experi¬
ence.18 He achieved depigmentation
of senile lentigines on the backs of
the hands of older white men in 28 of
41 patients by applying hydroqui¬
none. We found those particular le¬
sions quite resistant.
Spencer also found that 2% hydro¬

quinone would depigment the normal
skin of light-skinned blacks in about
50% of the cases. We would emphasize
that our inability to achieve anything
like that result with the available
commercial formulations or with ex¬
temporaneous preparations contain¬
ing 2% to 5% hydroquinone cannot be
ascribed to inadequate usage. Our
subjects were largely institution¬
alized volunteers, applications were
two to three times daily, and the test
period rarely less than three months.
Arndt and Fitzpatrick were careful

to state that a concentration of 2% to
5% of hydroquinone was "a moder¬
ately effective depigmenting agent"
in the treatment of 80% of various
disorders of hyperpigmentation. Our
value judgments evidently differ
from those of other investigators.
As regards the mechanism by which

each component contributes to pig¬
ment loss, knowledge is sketchy and
incomplete. We offer the following
tentative analysis:
1. In respect to hydroquinone, Den-

ton et al have demonstrated in vitro
inhibition of the enzymic oxidation of
tyrosine to dopa, the first step in the
synthesis of melanin.3 According to
Iijima and Watanaba, hydroquinone
blocks the dopa-reaction in human
skin.22 It is a likelihood that hydro¬
quinone interrupts one or more steps
in the tyrosine-tyrosinase pathway of
melanin synthesis.
Unlike the substituted phenols, hy¬

droquinone is not melanocidal. In¬
deed, the density of dopa-positive
melanocytes was increased.
2. How corticosteroids promote de¬
pigmentation is pure conjecture. The
general effect of steroids on many cell
systems is antimetabolic. Steroids are

cytotoxic or at least cytostatic for
the epidermis; they decrease epider¬
mal turnover and eventually produce
atrophy.23 Perhaps the secretory prod¬
uct of the melanocyte is suppressed in
the same fashion as collagen syn¬
thesis is suppressed by fibroblasts.24
We studied specimens of black skin

in which epidermal atrophy had been
induced by prolonged topical appli¬
cation of a corticosteroid. There was
only slight hypopigmentation at the
time of biopsy. The quantity of pig¬
ment did not seem to be altered. With
the dopa stain, however, melanocytes
were fewer and often shrunken, with
short attenuated dendrites. The in¬
tensity of the stain was also dimin¬
ished. One would normally expect
such changes to be accompanied by
clinically apparent pigment loss. The
probable explanation for this paradox
is decreased epidermal turnover. Ke-
ratinocytes move outward at a slowed
rate and can thus acquire pigment
over a longer time. Production is less,
but so is the loss.
3. Tretinoin acts in a different

manner. Khaidbey and Kligman have
recently made histologie observations
of human skin that had become hard¬
ened to tretinoin after vigorous topi¬
cal use. (K. Khaidbey, MD, A.M. Klig¬
man, MD, PhD, unpublished data).
Tretinoin by itself caused a disper¬
sion of pigment granules in kerati-
nocytes, with notable loss of supranu-
clear caps in the basal layer. This
alone would tend to cause lightening.
To this might be added two additional
effects. First, interference with pig¬
ment transfer. On the face of it, the
presence of more numerous, more ac¬
tive melanocytes should cause hyper¬
pigmentation not hypopigmentation.
This suggests that the dendrites can¬
not donate pigment to surrounding
keratinocytes. Such a situation pre¬
vails in psoriasis also. Stimulation of
melanocytes is to be expected in all
inflammatory reactions. Earlier we
found at least a doubling of mela¬
nocytes after topical application of ir¬
ritant chemicals.25 Second, whatever
pigment manages to get into kerati¬
nocytes is also lost more rapidly since
retinoic acid accelerates epidermal
turnover. Keratinocytes move from
the basal layer to the horny layer in
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a few days, speeding up the loss of
pigment.
It is important to note that there is

some balancing-out of the individual
effects when the three agents are
combined. Clearly, tretinoin overrides
the atrophy-producing and antimitot-
ic effect of the corticosteroid. The




