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Abstract

Skin color has always been important and interest to people in all cultures. Disorders of skin color, either hyper-
or hypopigmentation are cosmetically vexing and can be signs of systemic disease. For many centuries physicians
have tried to treat such disorders. We review some of the history of treatments for hyperpigmentation and the
development of hydroquinone, currently the medication of choice for hyperpigmentation.

Keywords: Treatments;

Hydroquinone

Pigmentation;  Hyperpigmentation;

Introduction

Skin color has been a distinguishing feature of humans and of
interest to the earliest humans writing about health. Already in the Old
Testament the writers suggested that Noah, builder of the ark, was an
albino [1]. In the Egyptian Ebers Papyrus (1500 BCE) there are
descriptions of individuals with white spots on the skin, ie, a
recognition of skin color and its disorders [2]. Similar descriptions
have been found in Indian Atharva Veda (1400 BCE) and Japanese
literature Makatominoharai (1200 BCE). Herodotus, a Greek author,
writing about 450 BCE discusses white spots [3]. Clearly people from
ancient times were fascinated by skin colour and its disorders.

It was much later that scientists began to study skin color and its
origin [4] Some medieval workers, noting that most darker skinned
individuals lived in or came from Africa, thought dark skin was caused
by the sun and heat of the tropics. Others noted that Africans
emigrating to cooler and less sunny climates in Europe did not lose
their color and their children retained the dark skin of their parents.
They suggested that hepatic humors deposited beneath the skin
thereby giving the skin its color. To prove this, they had black
volunteers produce burn blisters. After removing the blister and
observing the dermal side, early scientists noted that the pigment was
indeed on the lowest layer of the epidermis. The observations
confirmed their hypothesis about color coming from deposition of
hepatic humors [4].

It was not until the invention of the microscope that cells were
observed and the structure of the skin and distribution of
pigmentation was properly worked out, a process that continued well
into the 20th century [4].

As noted there was great interest in discoloration of the skin,
disorders as vitiligo and chloasma [5]. Dr. Jocobi suggests there was no
treatment for vitiligo. Chloasma was considered an hypertrophy of the
pigmentation often associated with pregnancy. Because it often
resolved after the pregnancy was completed no therapy was required.
The available remedies recommended for hyperpigmentation were

applications of 1% solution of corrosive sublimate in spirits or rubbing
with resorcin paste till scaling was produced. Unfortunately none of
these  therapies produced permanent removal of the
hyperpigmentation [5].

Hyperpigmentation and its treatment: early attempts

The earliest therapies suggested by Jacobi [5] were unsuccessful. A
variety of other agents were utilized to lighten disfiguring
hyperpigmentation. These included applications of borax, sulfur,
tincture of iodine, potassium and sodium hydroxide. These were
prepared in complex formulations some of which were poisonous and
many produced rapid desquamation of the epidermis. Blisters were a
complication. It was noted that hyperemia following these treatments
caused post inflammatory hyperpigmentation [6]. Ormsby stated
“Those methods which effectively and brilliantly accomplish the
desired end temporarily are almost invariably followed by deeper
pigmentation that that which was attempted to remove” [6].
Ammoniated mercury 3% in a cream had been used to lighten skin
[7-11]. It apparently was partially successful at least as an exfoliating
agent [10] but the mercury is known to be toxic and the product was a
frequent cause of contact dermatitis. Hypochlorite bleach, salicylic acid
and ascorbic acid both topical and systemic, were used with minimal
or no efficacy [7,10]. In contrast sunscreens such as red veterinary
petrolatum and steroids, both topical and oral especially for those with
Addison’s disease, were useful at least as adjunctive therapies [10]. The
efforts and clinical trials substantiate the idea that disorders of skin
color such as hyperpigmentation were a significant problem.

Occupational leukoderma and monobenzyl ether of
hydroquinone

In the 1930’s, Edward Oliver and his coworkers studied a group of
workers in a leather tanning factory who had experienced total loss of
pigmentation from their hands and forearms [12]. A few workers
noted depigmentation also at distant sites of the body such as the
trunk. The depigmented skin corresponded to skin covered by a rubber
gauntlet gloves worn for protection during the tanning process. The
palms and finger tips were spared. Some of the workers experienced
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itching while wearing the gloves although most did not develop a rash.
Hair color on the arms and hands was not affected.

The investigators noted that 48 individuals in the factory wore the
rubber gloves and 25 (52%) had leukoderma. The percentage of those
with leukoderma seemed to vary with the duration of time the workers
wore the gloves during their work shifts. The investigators learned that
the manufacturer of the rubber gloves had changed its method of
production and added the antioxidant agerite alba, an ingredient that
improved the stability and aging properties of the rubber. Agerite alba
chemically is monobenzyl ether of hydroquinone (monobenzone).
Patch testing of 10 men with depigmentation by application of various
chemicals including monobenzone (agerite alba) produced color loss at
the site of the patch tests. Additional studies confirmed that agerite
alba (monobenzone) was indeed the culprit. Many of the affected
workers noted repigmentation of their hands and arms after
discontinuing the use of the rubber gloves. There were no deleterious
health effects noted in the affected workers.

A decade later, investigators interested in finding treatments for
hyperpigmentation undertook a series of studies on three chemicals,
i.e,, monobenzone, hydroquinone and para-hydroxypropiophenone
[7]. These three chemicals were chosen based on earlier publications
reporting their hypopigmenting effects on skin and hair color. Prior
investigators observed that hydroquinone mixed into food of cats
lightened the color of their fur [13]. Oliver [12] had reported the
depigmenting effects of monobenzone. French workers noted the
beneficial  effects of  para-hydroxypropiophenone on the
hyperpigmentation of five patients with Riehl's melanosis. Both in vivo
and in vitro experiments were undertaken on these three chemicals

[7].

In vitro, it was observed that hydroquinone completely inhibited
tyrosinase function and melanin formation whereas propiophenone
has no effect. Monobenzone stimulated melanin formation. When fed
to black guinea pigs, minimal pigment loss was noted in animals
receiving hydroquinone (1 of 5 guinea pigs) and monobenzone (3 of 5
pigs).

Clinical studies on normal humans were conducted by the same
investigators [7]. Young males had patch tests containing 10% or 30%
hydroquinone, monobenzone and hydroxypropiophenone applied to
their backs for a period of 30 days. The higher doses of hydroquinone
and monobenzone produced some color loss in two subjects by the end
of the study. The skin repigmented within a month.

In a separate study 20% monobenzone was applied to the skin of 70
normal individuals as a patch test for 48 hours. No contact sensitivity
was observed. In a final study, 7 patients with various disorders of
hyperpigmentation were treated with 20% or higher concentrations of
monobenzyl ether of hydroquinone. At least 5 showed some
improvement with no deleterious effects. The authors concluded ...
hydroquinone  derivatives, such as monobenzyl ether of
hydroquinone..., are effective clinical agents for treating
hyperpigmentation due to melanin. When properly employed in 10 to
33 per cent concentration in lotions or ointments, monobenzyl ether of
hydroquinone is a valuable local therapeutic agent. Undesirable side
reaction such as dermatitis does not preclude its controlled medical
use” [7].

The same investigators completed another clinical study a year later.
Eighty-four patients with melanin hyperpigmentation were recruited
for the study. They suffered from various pigmentary problems such as
melasma, berlock dermatitis, nevi, lentigines, café au lait spots,

seborrheic keratosis and freckles. The patients applied a 20% ointment
of monobenzyl ether of hydroquinone [14]. Sixty-four patients showed
a good clinical response after two to six months treatment. Treatment
was considered highly successful for some of the conditions
particularly for melasma and post inflammatory hyperpigmentation.
Other observers reported similar beneficial results with applications of
monobenzone to treat hyperpigmentation [15].

Within a few years reports appeared in the literature describing the
permanent and disfiguring leukomelanoderma caused by applications
of monobenzyl ether of hydroquinone when used for disorders of
hyperpigmentation [16-21]. It was removed from the dermatological
formulary after these reports. The beneficial efficacy in depigmenting
patients with vitiligo too extensive to repigment has been noted [22].
Currently monobenzone is used exclusively for this purpose. Other
chemicals such as 4-isopropylcatechol with structures similar to
monobenzone have been found to be effective for lightening skin [23]
but are not commercially available.

The advent of hydroquinone as a skin lightener

Lightening hyperpigmented skin caused by melanin has always been
problematic [24]. The various desquamating agents, ascorbic acid,
sunscreens were not helpful. Hydroquinone commercially available as
Eldoquin” was at least partially successful.

That hydroquinone might be effective has a basis in scientific data.
Denton, Lerner and Fitzpatrick had demonstrated that hydroquinone
in vitro entirely blocked the formation of melanin when added to a
solution containing tyrosinase and tyrosine, the enzyme and substrate
required for melanin production. Hydroquinone had no effect on
melanin formation by tyrosinase in the presence of dopa [7]. The same
investigators did clinical studies on hydroquinone (see above) and
found it less effective than monobenzone in reducing normal or
abnormal skin color.

In 1961, Dr. Malcolm Spencer published his study on 98 white and
African American males treated with various concentrations of
hydroquinone and two derivatives of this molecule. The subjects
applied various concentrations of the medications up to 10% for a
period of four months. Some subjects applying 5% hydroquinone
noted irritation of the skin that resolved when a 2% preparation of
hydroquinone was substituted. Skin lightened in 45% of the subjects
and there was more pronounced improvement noted in white subjects
than those with darker complexions [8,25]. Very high concentrations
of hydroquinone, 10% to 30% were noted to deposit a dark substance
on the skin produced by auto-oxidation of the molecule [8]. These
reports are the first documentation of the efficacy and safety of
hydroquinone for clinical use. It was this study that introduced
hydroquinone for clinical use [9].

A few years later several studies confirmed that a stabilized form of
hydroquinone was a useful medication to lighten skin color. Spencer
studied the effects of 2%, 3% and 5% hydroquinone on “old age spots”
on the hands of 94 white males and 43 African American men with
normal skin. About 2/3 of these individuals exhibited some but not
total pigment suppression. The results were more pronounced with the
3% and 5% preparation. Irritation was commonly noted and 2
individuals developed an allergic contact dermatitis confirmed by
patch testing. Histological studies using H&E and silver nitrate stains
confirmed that the quantity of melanin in the treated skin was
diminished but the number of melanocytes remained constant [10].
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The authors concluded that at that time hydroquinone was at least an
acceptable agent for lightening skin.

At the same time, another group published the results of their
studies on 2% and 5% hydroquinone on hyperpigmented skin of 56
patients. They observed it was moderately effective in 80% of the
treated subjects and that the two concentrations were equally effective.
They concluded that hydroquinone did not completely resolve
pathological hyperpigmentation but results were sufficiently
satisfactory to help most patients [9].

Albert Kligman developed a new formula for lightening skin. He
combined 0.1% tretinoin, 5% hydroquinone and 0.1% dexamethasone
into an ointment. It was very effective and able to suppress completely
melanin formation in normal black skin [26]. Omission of any one of
the ingredients abolished the hypopigmenting efficacy. Histological
studies showed that the number of melanocytes/mm? (population
density) actually increased after the application of this preparation.

Many studies on the efficacy of hydroquinone with and without
other therapeutic modalities have been published. [27-32]. It has
become the drug of choice for skin hyperpigmentation and is
prescribed around the world. A combination, commercial product,
TriLuma® containing a retinoid (tretinoin 0.05%), a steroid
(fluocinolone acetonide 0.01%) and hydroquinone (4%), (a version of
the Kligman formula) has become available and found to be effective
for up to 90% patients with epidermal melanin hyperpigmentation
[33].

Some concerns about the use of hydroquinone

In the last few years there has been concern about the safety of
hydroquinone and it’s over the counter use has been banned in Europe
and the American FDA has requested new safety studies. It is well
documented that hydroquinone, especially in higher concentrations
such as 5% can be an irritant and allergen. Its chronic use can induce
ochronosis rarely [34-42], nail discoloration and conjunctival
melanosis. Rarely the melanosis causes corneal damage and some loss
of visual acuity [43]. It has also been of concern that hydroquinone
might cause permanent depigmentation similar to monobenzone. It
has been shown that hydroquinone produces damage to melanocytes
detectable by various forms of microscopy [44]. However a review of
the world’s literature failed to substantiate that hydroquinone clinical
has caused permanent leukoderma [45]. It many of the reported cases
of leukoderma, patients had been applying monobenzyl ether of
hydroquinone and not hydroquinone.

Concerns have been raised about whether hydroquinone is a
carcinogen [46]. It has been shown that hydroquinone injected into
certain strains of rats can induce renal adenomas and toxicity in mice
[43,47,48]. Benzene is a known carcinogen causing aplastic anemia or
myelogenous leukemia in humans [43,49-51]. Benzene is converted
into hydroquinone in the liver and excreted into the urine. It has been
suggested that it is the hydroquinone and not the benzene that is
responsible for the bone marrow toxicity in humans. Thus there is the
concern of regulatory agencies.

Hydroquinone is an ubiquitous chemical found in many foods and
herbal medications. Common foods such as red wine, coffee, tea,
wheat and fruits contain small to large amounts of hydroquinone.
Hydroquinone is found in small amounts in the blood and urine of
most individuals. It has been estimated that individuals excrete 2770
pgms of hydroquinone daily [52]. Volunteers have consumed orally up

to 500 gm daily for five months with no detectable ill effects [43,53]. In
comparison the quantity of hydroquinone absorbed into the blood
stream by applications of hydroquinone to small areas of skin is
insignificant. In confirmation, Pifer et al. has studied large populations
of individuals engaged in the manufacture of hydroquinone who are
exposed to vapors of hydroquinone for prolonged periods of time.
Pifer compared rates of cancer, early death and systemic illness
afflicting the workers to those affecting the population at large. They
observed that the workers exposed to hydroquinone vapors had better
health profiles on all measured parameters than the control population
[54,55].

The future

Hydroquinone alone or in combination is the best available
lightening agent available to treat those with disfiguring melanin
discoloration of the skin. It is only partially effective. It has no effect on
pre-existing melanin such as is found in dermal melanosis but rather
only formation of new melanin such as occurs in epidermal melanosis.
[56]. Although its efficacy is much improved when combined with
other agents such as the Kligman formula (see above), better agents are
needed. Other chemicals such as kojic acid have been introduced to
dermatology [57-59] but are no more effective than hydroquinone.
Scientists, clinicians, pharmaceutical and cosmetic companies are
seeking newer and better lightening agents. One such chemical might
be deoxyarbutin, a derivative of hydroquinone with a carbohydrate
moiety attached. It seems to be significantly more effective in
inhibiting melanin formation than hydroquinone [60-67]. It would be
a real benefit to people at large, especially those with darker skins who
are affected most commonly by hyperpigmentation, if a better,
inexpensive and safe lightening agent were identified and made
available commercially.
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