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CONTACT DERMATITIS

Concomitant contact dermatitis due to textile dyes
and to colour film developers can be explained by

the formation ofthe same hapten

C. H.\N5SON. S. A H I lORS AND O. B E R G E N D O R F F

Dcparlmcnt of Dermalology. LJtiiversity Hospital. Lund, Sweden

/;-phenyletiediamine derivatives are widely used in industry and in cosmetics, and several of them
are well-known sensitizers. One group o{ allergenic /?-plieny]enediamine derivatives are used as
colour film developers. Cross-reactivity between the colour film developers htts been reported. In
this paper, an occupational facial dermatitis due to colour film developers is described. The patient
reacted to colour film developers (CD-I. CD-2. CD-3, and CD-4). but not to other/J-phenylenedia-
tnine derivatives tested. He also showed allergic reaciions lo Disperse Blue 106 and Disperse Blue
124 and to Disperse Red 17. but not lo Disperse Oratige 3. The activation of the colour film
developers by oxidation at physiological pH was analysed with chemical methods, and the mechan-
ism responsible for the concomitant reactivities to the colour film developers and the disperse dyes
at a molecular level is discussed.
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A patient occupatiotially exposed to colour film
developers was referred to ottr clinic because of se-
verely prtuitic facial dermatitis. At patch testing,
he tnanifested strong reactions to several colour
filtn developers but also to some textile dyes. Con-
comitant sensitivity to textile dyes and colour film
developers has not previously been described.

Colour film developers are /i-phenylenediamine
derivatives and have been found to be strong sensi-
tizers (I) {Fig. 1), though owing to their limited tise,
only relatively few people are exposed to these
chemicals. However, amoiig sUtlTat film processing
laboratories, a high frequency of sensitized subjects
has been registered. In an extensive study, Liden (2.
3) has demonstrated the prevalence of sensitized
subjects and their symptoms, and also how tnodern-
ization ofthe laboratories is beneficial to staff work-
ing with these chemicals. The occurrence both of ec-
zema and lichenoid dermatitis has been described as
a resuh of contact with/)-phenylenediamine deriva-
tives in colour film laboratories (2. 4-8).

Other /?-phenylenediamine derivatives are used
widely in rubber production and in hair dye prod-
ucts. Some of these compounds are also well-
known sensitizers. and the non-substituted com-
pound /?-phenylenediamine (PPD) constitutes one

of our most common sensitizers. and has long been
included in standard series, /^-phenylenediamine
derivatives are supposed to be prohaptens which
are activated by oxidation into the true haptens. p-
benzoquinone tnono- and di-imine, o.xidation
products formed from y)-pheny!enediamine (PPD),
are very reactive and can form a number of prod-
ucts depending on the conditions (9). As hydrolysis
ofthe imines proceeds rapidly in water irre.spective
of pH. special techniques are required to study in-
termediates and reaction tnechanisms in biomimet-
ic systems. In qualitative assessment of the ease
with which these prohaptens are activated by oxi-
dation, cyclic voltametry constitutes a simple and
efficient method for evaluating oxidation-teduc-
tion systems of biological significance (10).

Several textile dyes belong to a group of chemi-
cals referred to as azo compounds. Some of these
azo dyes have been shown to cause simultaneous
allergic reactions to /j-phenylenediamine. ex-
plained by a cleavage ofthe azo bond yielding the
aromatic amine functionality present in /j-pheny-
lenediamine (11. 12).

Degradation experiments showing the forma-
tion of the colour film developer haptens from
some textile dyes are reported in this paper, and
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Fig. f. Molecular structures of CD-I. CD-2. CD-3 and CD-4.

the mechanism underlying the simultaneous al-
lergic reactions is discussed.

Case Report

A 35-year-old man presented with a 2-year history
of severe facial dermatitis. At work he had opet-
ated an automatic colour film developing machine
for the past 5 years. After 3 years of this work, he
developed strongly pruritic erythematous derma-
titis on his forehead.

Examination showed the presence of erythema,
oedema, atid scaling on his forehead, a weak per-
ioral erythema, and scaling dermatitis on 2 fingers
of his right hand and on the dorsum of the left
hand. He reported no history of atopy or any
other skin disease. After 2 weeks on sick leave, he
was essentially healed and returned to work, but
after only 1 day the facial dermatitis relapsed.

He was patch tested with the stimdard series
(TRUE test'^^ panel I and 2, Pharmacia AB). the
photographic chemicals series (Chetnotechnique
Diagnostics AB, Malmo, Sweden), and selected
disperse dyes and related chemicals (Table 1).
Owing to severe itching, the patches were removed
by the patient at as early as I day. Readings wete
performed at 3 and 7 days. In the standard series.
he showed a positive reaction to ethylenediamine.
He also showed positive reactions to all 4 colour
film developers tested. CD-I. CD-2. CD-3 and
CD-4, but tiot to PPD, PPD-mix or /7-benzoqui-

Materials and Methods
C/tenticals

The chemicals used were as follows: sodium dihy-
drogen phosphate, disodium hydrogen phospbate
dihydrate. acetic acid. 1 ()()"., (Merck), sodium ace-
tate. /)-phenylenediaminc I PPD) (Fluka). N,N-di-
ethyl-/j-phenylenediamine sulphate (CD-I) (Sig-
ma). N.N-diethyI-2-methyl-/?-phenylenediamine hy-
drochloride iCD-2) (Aldrich). '4-(N-ethyI-N-2-
methanesulphonylaminoethyl) -2-methyl-/'-pheny-
lenediamine sesquisulphate monohydrate (CD-3),
4-(N-ethyl-N-2-hydroxyethyl)-2-melhyl phenylene-
diamine sulphate (CD-4) (Acros). Disperse Blue
106. Disperse Blue 124, Disperse Orange 3. Dis-
perse Red 17 (Chemotechnique Diagnostics).

HPLC analysis

A Waters 600 pump (Waters Chromatography Di-
vision. Milford MA, USA) equipped with a Rheo-
dyne Model 7125 loop injector (20 ft\) and a Spec-
tromonitor III (LDC/Milton Roy. Riviera Beach
FL. USA) UV-detector working at 254 nm were
used. All separations were performed on a Lich-

Tahlc f. Positive palch test reactions in the standard series
(TRUE Tcsl. TT) and complementary patch tests
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rospher RP 100 C,K cokimn (5 /;m. 125x4 mm.
Mctvk). All analyses were performed al room lem-
peralure al a flow rale of 1.0 ml/ min.

Disperse dyes were analysed using acelonilrile:
water: tetrahydrofuran (99: 99: 2) as the tiiobile
phase. The relenlion times were 16.6 min for Dis-
perse Blue 124 and 6.0 min for Disperse Blue 106.
CD-4 was analysed using lO'/i, methanol in 0.01 M
butylamine (with pH adjusted to 5.2 with acetie
acid) as the mobile phase. The retention time for
CD-4 was 4.6 min.

Cyclic vollanielry

All measurements were performed wilh a CV-IA
Cyciic voltatnetry instrurnent. A carboti paste elee-
irode (packed with CP-O carbon paste) was used
as the working electrode and a platinum wire as
the au.xiliary electrode. The referetice electrode was
an Ag/AgCI electrode. Cyclic voltametry was per-
fortned at atnbient temperature and a scan rate of
300 mV/s. All components were purchased from
Bioanalytical Systems Inc.. W Lafayette. IN. USA.

Test chemicals (1.0 mM) in buffer solutions con-
taining 8'/(i ethanol were analysed with cyclic volta-
metry at pH 7.40 and 5.50. For the preparation of
the solutions with pH 7.40 a O.I M phosphate buf-
fer was used and the pH of the test solution was
adjusted appropriately before analysis. For the
preparation ofthe solutions with pH 5.50. a I.O M
sodiutn acetate buffer was used, pH being adjusted
appropriately before analysis. Every test solution
was analysed several times, the carbon electrode
being polished before each analysis.

Results

Analysis data are presented in Table 2.
pH 7.40: This pH was chosen for the first investi-

gation as representing in vivo conditions, where the
oxidation reactions in question are supposed to take
place. As can be seen in Table 2. the 5 compounds
examined manifested a distinct sequential oxidation
tendency. This sequence demonstrates how easily
the 1 st step in the proposed sensitization mechanism
is pas.sed by the different compounds. According to
the Ê ,̂ i/2 values. CD-4 is easiest to oxidize, and
PPD is less prone to oxidation.

pH 5.50: This pH was chosen for the 2nd investi-
gation as teptesenting the pH on the skin surface,
where the compounds In question might also be
oxidized. According to the E,,̂ i 2 values, it is easi-
est for CD-3 to pass the oxidation step, and PPD
and CD-I are most resistant to oxidation.

Discussion

Cross-reactivity between different colour film de-
velopers has been reported in a few studies (1.4.
8). The patient described in this paper reacted to
CD-I. CD-2. CD-3 and CD-4. In his work, he was
exposed to CD-3 and CD-4. but the possibility of
earlier exposure to CD-I and CD-2 cannot be ex-
cluded. In all likelihood the exposure was mainly
airborne, since in addition to dermatitis on his
hands he also had intensely pruritic dermatitis on
his face. Systemic contact dermatitis due to the in-
halation of colour film developers has been de-
scribed (5). Our patient showed no reactions on

CH3
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CH3

Dtsporsa Blue 106

CHs

Disperse Red 17

C2H4OH

CD-4 1
Fig. 2. MolecuUir structures of some disperse dyes LIIUI the products formed from them.
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skin shielded by clothes, which argues against in-
halation as the cause, and emphasises the likeli-
hood of airborne skin contact.

Although our patient had no history of reaction
to coloured clothes, we performed patch tests
using selected disperse dyes. Positive reactions to
several disperse dyes were found, but only to sub-
stances with molecular structures which can be
converted into one ofthe colour film developers or
lo a structure very closely related to them. It has
been reported that liver enzymes, for example, can
by reductive cleavage ofthe azo bond split off aro-
matic amines from azo dyes (13).

Reducti\c cleavage of Disperse Blue 106 gives
CD-4 as I oi' the 2 molecules formed (Fig. 2). To
a water solution of Disperse Blue 106 the reducing
agent, sodium dithionite. was added until the blue
colour disappeared. Analysis of the reaction mix-
ture with HPLC showed that CD-4 was formed
during the change of colour. Disperse Blue 124 is
identical to Disperse Blue 106 except for the O-
acetylation of the 2-hydroxyethyl group on the ni-
trogen. This acetate ester should be sensitive to hy-
drolysis by esterase activity yielding Disperse Blue
106 as the product, and concomitanl reactions to

Disperse Blue 106 and Disperse Blue 124 has been
reported (14). Hydrolysis of the ester was easily
achieved by adding a few drops of hydrochloric
acid to a water solution of Disperse Blue 124. Dis-
perse Blue 106 was formed immediately after acidi-
fication, and the formation was monitored by
HPLC. Disperse Red 17 is chemically quite differ-
ent from Disperse Blue 106. but at reductive cleav-
age a/>phenylenediamine derivative (1) similar to
CD-4 is formed. The other substances formed at
reductive cleavage of Disperse Blue 106 and Dis-
perse Red 17 are completely different molecules
which are probably without relevance concerning
sensitivity to colour film developers. Disperse Blue
106 and Disperse Blue 124 are textile dyes which
are currently very popular in clothes worn by
young women, and several cases o\' seiisitization
have recently been reported (15-17).

In a recently published paper (IS), the azo dyes
are classified according to the non-phenylenediami-
ne part ofthe molecule. Our findings support an al-
lergic mechanisin where, after clea\age from the
dye. the/j-phenylenediaminecompoiieiit is the aller-
genic part ofthe molecule. This is borne out by the
positive reactions to Disperse Red 17 and Disperse
Blue 106. both yielding similar N-substiluted 2.3-di-
aminotoluene derivatives from different types of
azo dyes, and the absence of reaction to Disperse
Orange 3 which at reductive cleavage yields p-phen-
ylencdianiine without any substituents.

Disperse Oi'ange 3 was also tested but without
reaction, a fiiiding consistent with the absent reac-
tion to PPD since PPD is the /J-phenylenediamine
compound formed at reductive cleavage of Dis-
perse Orange 3 (Fig. 3). Several studies have
shown the occurrence of concomitanl reactions to
PPD and Disperse Orange 3 (12. 18). The forma-
tion of benzoquinone as a common activated hapt-
en has been discussed (19. 20). However, the absent
reaction to 2.5-diaminotoluene. PPD and benzo-
quinone are inconsistent with the benzoquinone-
hapten concept in the case of CD-4 sensitivity
(Fig. 3). In this concept, benzoquinone is formed
from azo dyes and PPD-derivatives in several
steps. Initial reductive cleavage of the azo bond
yields an amino function which in turn is oxidized
to imine and fmally hydrolysed to benzoquinone.
Not even the possible intermediate /)-aminophenol
produced any reaction in this patient.

The negative reaction to the PPD-mix test in-
cluding IPPD. DPPD and CPPD. each with a
mono-alkyl substitution at both nitrogens rellects
ihe complex nature ofthe cross-reactivity pattern
of PPD-derivatives. However, dialkyi substitution
at one of the nitrogens is common to all the PPD-
derivatives which give rise to positive reactions.
The alkvl substituents on the nitroaen mav differ
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rather widely without affecting the reactivity pat-
tern. It is obvious from the Eo\i-: values that at
cellular pH all the substances tested were more eas-
ily oxidized than PPD. The E(,̂ ,,2 values also show
that a methyl substituem on the aromatic ring
lowers the oxidation potential. This is due to elec-
tron donation to the aromatic ring. The substitu-
ents on the N-a!kyl group of CD-3 and CD-4 ap-
parently also lower the oxidation potential of these
molecules. These results are in agreement with re-
sults achieved at the strongly alkaline pH charac-
teristic of colour film developing processes (21).
Although the investigated compounds show small
differences in the E,-,xio values, these small differ-
ences can be of importance in a complex in vivo
activation. The oxidation-reduction behaviour of
para-phenylenediamine derivatives and its impli-
cation for our understanding of the molecular
basis of contact dermatitis are currently being in-
vestigated in greater detail.

In most patients, sensitivity to Disperse Orange
3 also produces positive reactions to PPD. Among
other derivatives our patient was sensitive to the/J-
phenylenediamine derivative CD-4, and also mani-
fested positive reactions to several disperse dyes. In
this case, the primary sensitization was to the p-
phenylciiediamine derivatives, and the positive reac-
tions to the disperse dyes may be regarded as a
consequence of the sensitization to the colour film
developers. The positive reactions to the disperse
dyes can be explained as a metabolic hapten degra-
dation ofthe azo dyes to the sensitizing CD-4 mol-
ecule. Whether CD-4 is the true hapten or only a
prohapten cannot be determined from our present
findings. A consequence of these findings is that h-
chenoid dermalitis. which has been reported to oc-
cur in conjunction with exposure to colour film de-
velopers, can also be expected to occur on exposure
to azo dyes which upon redtictive cleavage yield p-
phenylenediamine derivatives with substituents on
the nitrogen as in the colour film developers.
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