REVIEW

Colors and Contact Dermatitis
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and Gianni Angelini, MD

The diagnosis of skin diseases relies on several clinical signs, among which color is of paramount importance. In this
review, we consider certain clinical presentations of both eczematous and noneczematous contact dermatitis in which
color plays a peculiar role orientating toward the right diagnosis. The conditions that will be discussed include specific
clinical-morphologic subtypes of eczematous contact dermatitis, primary melanocytic, and nonmelanocytic contact
hyperchromia, black dermographism, contact chemical leukoderma, and others. Based on the physical, chemical, and
biologic factors underlying a healthy skin color, the various skin shades drawing a disease picture are thoroughly de-
bated, stressing their etiopathogenic origins and histopathologic aspects.

he diagnosis of skin diseases is based, to some degree, on a

visual analysis process, which interprets the type, shape,
distribution, and color of skin lesions. On a perceptive level, the
first information to be taken in when examining skin lesions is
color, and this is sometimes sufficient in itself to formulate a correct
diagnosis. No dermatology textbook has ever failed to consider color
as a characteristic, sometimes pathognomonic, feature of skin con-
ditions and their clinical evolution. Therefore, color has a decisive
importance in clinical dermatology.

After a brief introduction considering biologic and physical
factors determining a normal skin color, in the present work, we
analyze various clinical pictures pertaining to eczematous and
noneczematous contact dermatitis, in which color has a peculiar
role in the diagnostic process (Table 1).

NORMAL SKIN COLOR

Climbing the evolutionary ladder, skin colors constantly decline
and lose their importance. In comparison with their vertebrate
relatives (amphibian, fish, reptiles, and birds) and many invertebrates,
mammals are lightly and less variably colored. Man, the least
colorful creature, only shows variety in the genetically transmitted
“continuum melaninic,” clinically expressed as phototypes I to
VI.'™® The base skin color varies among humans depending on
their ethnic origin and hence different genetics and geographic
distribution. Individual variability also affects skin color, depending
on the quantity and quality of chromophores and their localization.
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Mechanisms responsible for a normal skin color are both of
physical and chemobiologic type. The epidermis behaves as an
optical filter; incident white visible light can either be transmitted,
absorbed (and transformed into energy forms such as heat),
refracted in its 7 primary and secondary colors, or reflected. Skin
color derives from a combination of reflected and refracted light,
whose wavelengths mainly depend on 4 biochromes, 2 of which are
intraepidermal (melanin and carotenoid) and 2 are intradermal
(oxyhemoglobin and reduced hemoglobin). Various other chro-
mophores contribute to human skin color in pathologic condi-
tions, such as porphyrins and bilichromes.>> The main skin color
determinant is melanin, with its broad absorption in the visible
and UV range, conferring a variable brownish shade to the skin. In
the absence of melanin, the skin exhibits a bright red color because
oxyhemoglobin in superficial vessels is no longer concealed by
the brownish biochrome. By contrast, when skin contains large
amounts of melanin, it is difficult to appreciate its vascularity. A
reddish or bluish red skin tone is the result of the relative quantities
of oxyhemoglobin and methemoglobin in skin capillaries (70%
oxyhemoglobin), arterioles (95% oxyhemoglobin), and venules
(50% oxyhemoglobin). Carotenoids are yellow to orange-red ex-
ogenous pigments, usually ingested in fruits and vegetables, which
localize in the epidermal stratum corneum and in subcutaneous
fat. They play a marginal role in determining a normal skin color
but give a yellowish hue when deposited in vast excess.

SKIN COLORS IN CONTACT DERMATITIS
Red and its Nuances

The first place in the chromatic scale of contact dermatitis goes to red.

Bright Red Tone

Most haptens, particularly nonsteroidal anti-inflammatory drugs
and plants (Fig. 1), exert a strong inflammatory action. The
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1/:\:]A 3 M Most Common Colors and Respective Causative Substances in Eczematous and Noneczematous

Contact Dermatitis

Color  Tone Causative Substances Dermatitis
Red Bright  Most allergens Common eczematous contact dermatitis
Pinkish  Nickel Nickel contact dermatitis
Purpuric  Paraphenylenediamine, isopropyl-N-paraphenylenediamine, Purpuric contact dermatitis
textile azoic dyes, A. americana L., Peru balsam
Lilac Color film—developing agents, methacrylic acid esters, Lichenoid contact dermatitis
nickel, epoxy resin, aminoglycoside antibiotics
Violet ~ Promethazine and other phenothiazines Phenothiazines contact dermatitis
Brown Psoralens, J. regia, L. inermis, Tinopal CH 35686, azoic dyes, Berloque dermatitis
paraphenylenediamine, cutting oils, fragrances, anthralin,  Juglans regia hyperchromia
permanganates, phenothiazines, coal tar Lawsonia inermis hyperchromia
Cynara scolymus L. hyperchromia
Pigmented contact dermatitis
Riehl melanosis
Anthralin discoloration
Permanganates discoloration
Photocontact dermatitis (postinflammatory hyperchromia)
Phytophotocontact dermatitis (postinflammatory hyperchromia)
White Phenol and catechol derivatives, sulfhydryls, Contact chemical leukoderma
mercurials, cinnamic aldehyde Contact dermatitis (postinflammatory hypochromia)
Black Metal particles (nickel, iron, platinum, Black dermographism
silver, gold, copper), Toxicodendron Black-spot poison ivy dermatitis
Silver Silver Contact with silver salts
Gray-brown Mercury, dioxins Contact with mercury and dioxins

Miscellaneous Dyes

Contact with dyes

dermatitis they induce is thus typically a bright red color because of
intense hyperemia with a consequent rise in oxyhemoglobin levels.

Pinkish Red Tone

Nickel allergic contact dermatitis is characterized by peculiar
features; the primary focus at the contact site consists of small
papulovesicular elements, sparsely distributed or sometimes con-
fluent in patches. Secondary lesions, often symmetrical, consist of
scattered papules and papulovesicles.*” The latter lesions, which are
generally follicular, are only slightly infiltrated and exudative and
tend to look like small, pinkish red lichenoid papules (Fig. 2).% Nickel,
therefore, although it is a strong sensitizer, seems to be a weak
inflammatory agent.

Purpuric Red Tone

The purpuric red of purpuric contact dermatitis is the result of
extravasation of red blood cells, a sign of vessel involvement.’
Substances frequently triggering a purpuric allergic contact der-
matitis include paraphenylenediamine and isopropyl-N-phenyl-p-
phenylenediamine in rubber products, and textile azoic dyes.”*°
Various authors'®'> have shown that azoic compounds show
an elective affinity to the endothelium. As we have also reported,***!
Agave americana L. of the Agavaceae family can induce a purpuric
irritant contact dermatitis. Histologic analysis of the peculiar le-
sions showed features suggestive of leukocytoclastic vasculitis,
such as fibrinoid degeneration of skin capillaries and venules, a

neutrophilic infiltrate, and karyorrhexis.?! Open test with a
fragment of agave leaf induced purpuric folliculitis after 10 mi-
nutes, whereas biopsy 24 hours after open testing revealed the
histologic findings described previously.?! Cases of purpuric
vasculitis—like eruptions caused by Peru balsam have also been
reported (Fig. 3).2>%

Lilac-Red Tone

Lichenoid allergic contact dermatitis (or lichen planus—like contact
dermatitis) has been reported after exposure to some substitutes

Figure 1. Bright red erythemato-vesico-bullous lesions due to plants
(Ficus carica).
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Figure 2. Secondary slightly infiltrated scattered pinkish red papules
and papulovesicles due to nickel involving the décolleté.

of paraphenylenediamine, such as color
agents.** ! Other substances that are reported as causes, even if
exceptional, are methacrylic acid esters used in the car industry,*?
nickel,®* epoxy resin,>* and aminoglycoside antibiotics.*® Clini-
cally, this form is characterized by eczematous lesions that
evolve to or are associated with papular lesions with peculiar

film—developing

lilac-red tones. Positive patch test reactions are eczematous
in nature but might turn lichenoid.*' In most cases, histopathologic
findings are compatible with lichen planus.**262%333 In 5 un-
published cases that we observed, 3 were due to color film—
developing agents (2-amino-5-diethylaminotoluenehydrochloride,
N-N-diethyl-paraphenylenediamine, hydroxylamino hydrochlo-
ride, respectively; Fig. 4) and 2 were due to paraphenylenediamine;
the histologic features were comparable, displaying a patchy
mononuclear infiltrate in the upper dermis but no hypergranulosis,

Figure 3. Purpuric contact dermatitis due to Peru balsam.

along with foci showing moderate spongiosis and focal basal
stratum vacuolization. The latter is a cause of incontinentia
pigmenti, which could explain the peculiar color of the skin le-
sions, deriving from the combination of inflammatory red and
dermal melanin blue.

Violet-Red Tone

Promethazine hydrochloride [10-(2-dimethylaminopropyl)-
phenothiazine hydrochloride] has been extensively used topically
for decades, given its antihistaminic and antipruritic activities.>”*°
Up until the 1990s, especially during summertime, we observed
hundreds of promethazine photosensitization cases. In Italy, this
dermatitis was colloquially named farganite, from the commercial
name of the promethazine cream that was most widely used at that
time (Fargan®). Similar products based on the same molecule are still
available in Italy; however, it has been more than a decade since we
observed a case of this dermatitis, likely thanks to a vigorous
preventive campaign. Clinically, the dermatitis used to present
with intensely erythemato-edematous lesions, scarcely exudative,
smooth, and glossy, which tended to acquire a peculiar violet
nuance as the days went by (Fig. 5).%° A range of factors comes into
play in determining the violet-red tinge. Phenothiazines, as pig-
ments, distribute widely in human tissues (kidney, skeletal
muscle, heart, eye, brain, and reticuloendothelial system), when
used either topically or systemically.*"*? In sensitized subjects,
topical promethazine application and contemporary or subse-
quent sun exposure lead to intense inflammation and melano-
genesis stimulation, with an increase in melanosome transfer
from melanocytes to both keratinocytes and dermal macro-
phages.*>** The intense erythema of the inflammatory process

Figure 4. Lilac-red lichenoid allergic contact dermatitis due to color
film—developing agents.
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Figure 5. Violet-red promethazine photoallergic contact dermatitis.

combines with the brownish nuance caused by epidermal melanin
and blue tones from dermal melanin.

Brown and its Nuances

Contact brown hyperchromia can be primary, melaninic and
nonmelaninic, and secondary.*>46

Primary Hyperchromia
Berloque dermatitis is a primary (the affection is rarely preceded
by erythema) melaninic hyperchromia of variable intensity. It is an
irritant contact phytophotodermatitis caused by furocoumarins,
especially bergapten (5-MOP) contained in Citrus bergamia, the
essence of which was commonly used in perfumes and tanning
products. The typical pendantlike manifestations appeared if
sun exposure occurred within 2 hours of applying perfume. The
wavelengths involved were those higher than 320 nm. In the past
years, we observed quite a few cases of berloque dermatitis with
either localized (perfumes) or diffuse (tanning products) skin
involvement. Nowadays, the European legislation bans the use of
berloque essence in cosmetics, save for its coumarin-free detoxed
version. Nevertheless, we occasionally observe brown hyper-
chromia cases in the perilabial area, particularly in children who
have eaten unpeeled bergamotti fruits. As a matter of fact, C.
bergamia is widespread in the south of Italy.*®

Juglans regia (walnut) induces a primary brown irritant contact
hyperchromia, nonmelaninic in origin. In autumn, the time of

walnut hulling, hyperchromia of variable intensity can be observed
on the hands, the color ranging from light brown to darker tones,
depending on the intensity and duration of contact (Fig. 6).**”
This dermatitis can also extend to the forearms and, in rare cases,
presents with bullous lesions. Similarly, the nail plates go dark. The
duration of the hyperchromia ranges from weeks to 2 to 3 months,
according to the pigmentation intensity. The pathogenetic mecha-
nism is as follows: juglone, the active ingredient of J. regia, is a
naphthoquinone. The activated quinone C = O group shows an
elective affinity for the —NH2 group exposed by keratin amino acids.
The reaction elicits C = N highly pigmenting chromophores, con-
jugated to mobile electrons. These groups absorb colors in the visible
range, violet in particular, and reflect yellow and red, giving rise to
a color spectrum ranging from yellowish red, through red, to dark
brown.*” The skin color induced by Lawsonia inermis (henna tree)
is based on the same action mechanism; lawsone, the active principle,
is also a naphthoquinone.

Contact brown hyperchromia from contact with artichoke
(Cynara scolymus L.) is different altogether. Cynara scolymus, an
imposing herbaceous plant with enormous flower heads surrounded
by fleshy bracts, is cultivated in Mediterranean regions and other
temperate areas. Cynarin, the active ingredient of artichoke, is a
polyphenol ester [(1-carboxy-4, 5-dihydroxy-1, 3-cyclohexylenebis —
(3, 4-dihydroxycinnamate)] that undergoes oxidation; it stains the
fruit itself and the hands while cleaning/cutting artichokes.

As first described by Osmundsen*® in 1970, pigmented contact
dermatitis is a melanic primary hyperpigmentation, usually ob-
served in dark phototypes and mostly occupational. The author
described an intense and bizarre skin hyperpigmentation due to
contact with the optical whitener Tinopal CH 3566 used in
washing powders. The sites involved were those of textile contact
dermatitis, inducing a brownish blue to grayish hyperchromia.
The same stain developed at patch tests application sites. His-
tologic finding demonstrated melanin deposits in and outside
upper dermal melanophages. Pigmented contact dermatitis can
also be caused by azoic dyes. An epidemic outbreak due to contact

Figure 6. Primary nonmelaninic hyperchromia after Juglans regia walnut
hulling.
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with naphthol AS was reported in a textile business.*
Hyperpigmentation was noticeable in dark-skinned individuals,
whereas fair-skinned ones showed signs of traditional eczema. Other
reported culprit dyes include Sudan I, Vacanceine Red,”® and Bril-
liant Lake Red R.>! Isolated occupational cases from insoluble
cutting oils®* and paraphenylenediamine® have also been
reported.

Nowadays, Riehl melanosis, which mainly affects the face of
middle-aged women (“female facial melanosis”) and is caused by
sensitizing fragrances and chemicals in cosmetics, is also consid-
ered a pigmented contact dermatitis.>* Histopathologic studies
have shown both increased and decreased epidermal melanin in
the involved skin, as well as large amounts of melanin in nu-
merically increased dermal macrophages, because of pigment in-
continence due to degenerating keratinocytes.*>

Finally, topical anthralin (dithranol) and permanganates can
cause exogenous nonmelanotic dark brown discoloration, of both
an occupational (pharmacists, nurses) and a nonoccupational
nature.

Postinflammatory Hyperpigmentation

Brown secondary hyperchromia are postinflammatory and melanic
in nature. They often follow phytophotocontact dermatitis (plants
containing psoralens), especially if toxic in nature. Hyperpigmentation
may persist up to several months.*®**>> Hyperpigmentation also
arises after the application of many photosensitizing chemicals,
such as drugs (phenothiazines, sulfonamides, nonsteroidal anti-
inflammatory drugs). Coal tar derivatives, which are some of the
most commonly encountered occupational photosensitizers in the
form of dust, vapor, or fumes, induce secondary pigmentation on
exposed skin, partly due to melanin deposits and partly to the dyeing
effect of coal tar itself.>®

White and its Nuances

Primary Leukoderma

Primary contact chemical leukoderma (also known as contact
leukoderma, contact vitiligo, and chemical vitiligo) presents with
white vitiligo-like lesions and is induced by a series of substances
that can induce depigmentation with a specific direct melanocytotoxic
effect (“primary melanocytopenic leukoderma”).””~®° Among the
causative compounds, phenol and catechol derivatives have been
most studied. Hydroxylation of the 4-(para) position in phenols
and catechols and substitution of a non—polar alkyl side group (in
1- position for hydroquinone) exacerbate the depigmentation.
Hydroquinone, although no longer used in cosmetics in Europe,
monobenzyl ether of hydroquinone, p-tertiary butylphenol, and
p-tert-butylcatechol are the most common causative molecules
in this chemical group. Alkylphenols are used as antioxidant
and anticorrosion agents in the industrial sector and are also
contained in many commercially available products such as var-
nishes, adhesives, pesticides, resins, industrial oils, disinfectants,
rubber items, and printing inks.>”

Contact chemical leukoderma is mainly limited to occupational
contexts (occupational chemical leukoderma, occupational vitiligo),
although a number of nonoccupational cases have been reported.
In occupational cases, although the hands and forearms are
typically affected because of the use of rubber gloves, depig-
mentation can extend to distant sites, sometimes symmetrically.
The clinical onset occurs weeks to months after the contact; in-
deed, for depigmentation to occur, the preexisting melanin res-
ervoir must be exhausted and metabolized. Likewise, depigmentation
can also affect patch tests site after approximately 4 to 8 weeks.®*
Morphologically, chemical leukoderma usually manifests with
“confettilike” macules showing well-defined margins, with a sub-
sequent tendency to coalesce. In most cases, withdrawal of the
eliciting factor allows spontaneous progressive repigmentation.>%°

Besides those mentioned previously, in both human and animal
in vivo studies, many other substances have been reported to cause
chemical leukoderma, including sulfhydryls, mercurials, and
cinnamic aldehyde.>*%¢” The pathogenic mechanism of contact
chemical leukoderma is fairly complex, far from completely un-
derstood, and shares many features with idiopathic vitiligo. Phe-
nols and catechols are structurally similar to tyrosine, the substrate
of tyrosinase that triggers the biochemical pathway for melanin
synthesis. Derivatives of these chemical compounds compete with
tyrosine for hydroxylation by tyrosinase and therefore interfere
with melanin synthesis. It is not yet clear how this leads to further
melanocyte apoptosis. A role of tyrosinase in mediating the cy-
totoxic effect of phenols and catechols has been hypothesized but
later has been proved to be incorrect.5° % Recently, another
melanocyte-specific enzyme, that is, tyrosinase-related protein 1
(Tyrpl), has been shown to mediate the action of phenol and
catechol derivatives.”® Supporting this concept, Tyrpl over-
expression has been demonstrated in a line of cultured vitiligo
melanocytes.”! Tyrpl might act through the conversion of phe-
nols and catechols and contemporary reactive oxygen species
generation, the latter exerting oxidative stress on melanocytes.®

Differential diagnosis of contact chemical leukoderma en-
compasses idiopathic vitiligo. However, vitiligo can be associated
with ocular disturbances as well as systemic disorders (thyroid
disease, diabetes mellitus, alopecia areata, pernicious anemia) and
may be familial.”>”* Histologic examination is not useful because
in these diseases, melanocytes are either depleted or absent.

During the last decade, we have observed 21 cases of contact
chemical leukoderma, 18 of which were occupational (unpublished
data). In 17 cases, the hands and wrists were involved because of
using rubber gloves (Fig. 7), whereas the perilabial region was af-
fected in another case because of contact with a rubber mouthpiece.
Among the 3 nonoccupational cases, 2 showed linear horizontal
lesions at the upper third of the legs because of contact with the
rubber band holding up socks. Our last case featured a single
rounded achromic patch in the periumbilical region at the contact
point with the jeans’ metal button; the patient denied having
primary contact dermatitis in the area and a nickel sulfate patch
test resulted negative at 48 to 96 hours, with no sign of
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Figure 7. Occupational contact chemical leukoderma due to rubber
gloves use.

depigmentation 1 month later. In none of these patients was there
a personal or family history of vitiligo, and the clinical lesions
resolved spontaneously after withdrawal of the causative agents.
The patients who developed hypochromia from contact with
rubber refused patch tests with phenol and catechol derivatives. In
2 occupational cases that presented lesions of the wrists, an im-
portant histologic finding emerged, namely, absence of melano-
cytes, with mild, noticeable intraepidermal spongiosis. This
characteristic could help to orientate a difficult differential di-
agnosis toward contact chemical leukoderma rather than idio-
pathic vitiligo.

Postinflammatory Leukoderma

Irritant and allergic contact dermatitis may leave whitish hypo-
chromic lesions; this is the result of the increased keratinocyte
mitotic index in the active phase of the dermatitis, which is ac-
companied by a reduced melanocyte to keratinocyte melanosome
transfer (“secondary melanopenic leukoderma”). Nevertheless, a
coexistence of hyperchromic and hypochromic outcomes is
entirely possible.*67*

Black

Black dermographism, first described by Urbach and Pillsbury”” in
1943, is a common phenomenon, although often overlooked. It
can be observed at contact sites between skin and metal jewelry
(rings, bracelets, necklaces) and is caused by abrasion of the metal
by “hard” dusts that are occasionally present on the skin. As a
matter of fact, these powders (zinc oxide, pumice, coal), also
contained in cosmetics and medicaments, are harder than the
metals used in jewelry, such as nickel, iron, platinum, silver, gold,
copper, and tin. Coal, also traceable in the environment, is the
hardest powder and induces a particularly evident black
dermographism because of strong abrasion and its intrinsic
staining effect. By contrast, chromium and stainless steel are
harder than these abrasive powders, so jewels made of these metals

do not produce this phenomenon. The black color results from
free metal particles, so minute that they do not reflect light.**7-7°
The term dermographism is used improperly because it is not
exclusive to the skin, being a physical effect rather than a biologic
one, and thus reproducible on paper or tissue. Black der-
mographism can be easily verified by putting zinc oxide or tita-
nium dioxide powders on the skin and then by rubbing with a gold
or silver ring; black lines are immediately evident (Fig. 8).

After exposure to poison ivy, poison oak, and poison sumac,
members of the Toxicodendron genus (formerly classed as Rhus, a
benign genus), black spots can occasionally be found in contact
dermatitis areas (“black-spot poison ivy dermatitis”). Histologi-
cally, the deposited material can be identified in the stratum
corneum.®’ The same black deposit, resembling black enamel
paint, can be observed at the injured sites on the plant. The sap
tendency to turn black can thus help to identify the plants (black spot
test).31783 The black color derives from urushiol (3-pentadecylcatechol),
the oleoresin component of poison ivy, a biphenolic compound,
which undergoes oxidation and binds to cutaneous proteins,
forming black molecules.

Other Colors

Exposure to topical silver salts from occupational or medical
sources can induce localized argyria-forming silver speck deposits
in the skin that provoke a blue to slate gray stain.®*

Recurrent contact with mercury, either from medical prepa-
rations or after industrial exposure, can cause a gray-brown skin
pigmentation.®>% A similar staining can follow exposure to several
halogen derivatives of aromatic hydrocarbons, such as dioxin
(2,3,7,8-tetrachlorodibenzodioxin) and polychlorinated biphenyls.
Clinical manifestations involve the face, neck, and dorsal aspect
of the hands. The underlying mechanism has yet to be fully
understood; halogenated aromatic hydrocarbons could alter
melanocytes through a direct action on tyrosinase, even in the
absence of UV exposure.?”

The staff working in dye factories, particularly those handling
finished chemical dyes, can present skin staining, generally su-
perficial and with a variable persistence.5®

COMMENTARY

Figure 8. Immediate black dermographism induced by zinc oxide
powder application and silver ring rubbing.
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Environmental exposure to various chemicals in the occupational
and nonoccupational settings can induce skin color alterations. The
causal mechanisms vary; in most cases, the physiologic skin chro-
mophores are involved (melanin, oxyhemoglobin, deoxygenated
hemoglobin), at times with concurrent UV radiation, whereas in

other cases, exogenous pigments are deposited in the skin.

As discussed previously regarding the different clinical pre-

sentations, 2 fundamental considerations emerge; first, skin colors
can at times indicate the etiology of contact dermatitis. Second,
besides numerous morphologic variants, assorted skin colors
contribute to the stunning clinical-morphologic polymorphism of
contact dermatitis, be it eczematous or noneczematous, which has
no equal in the entire dermatological spectrum.
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