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The antimalarial drug chloroquine is also used in the preven-
tion of photodermatoses and in patients with inflammatory
connective diseases. The drug binds strongly to melanin.
Melanocytic activity can be studied by analysis of the urinary
markers of eumelanin (6-hydroxy-5-methoxyindole-2-car-
boxylic acid, 6H5MI-2-C) and phaeomelanin (5-S-cysteinyl-
dopa, 5-5-CD). To determine whether chloroquine interacts
with this activity, we measured the urinary excretion of the two
metabolites in 16 patients with either systemic or discoid lupus
erythematosus, polymorphic light eruption or rheumatoid ar-
thritis, during a period with and without treatment with chloro-
quine phosphate. Two control groups consisting of 7 untreated
patients and 10 healthy subjects were also included in the study.
During medication, there was a significant increase in 5-S-CD
excretion, while the excretion of 6H5MI-2-C was not sig-
nificantly affected. No significant changes in the excretion of
any of the two urinary markers were found in the untreated
patients, while a non-significant increase in 5-S-CD excretion
was seen in the healthy controls at the follow-up. Key words:
cysteinyldopa; 6-hydroxy-5-methoxyindole-2-carboxylic acid; me-
lanocytic activity; melanin.

(Accepted January 23, 1995))
Acta Derm Venereol (Stockh) 1995; 75: 287-289.

G. Sj6lin-Forsberg, Department of Dermatology, University Hospi-
tal, S-75185 Uppsala, Sweden.

Melanogenesis occurs in the epidermal melanocytes, where a
sequence of reactions takes place. For the production of melanin
in mammals. tyrosinase is an essential enzyme, catalyzing a
hydroxylation of tyrosine to 3 4-dihydroxyphenylalanine (dopa)
and subsequent oxidation of the latter to dopaquinone. The
second of these two reactions can also occur spontaneously
without the participation of tyrosinase. Dopaquinone is a
branching point from where the melanin synthesis can proceed
either along the indolic pathway. resulting in the eumelanins, or
along the cysteinyldopa pathway, forming the phaeomelanins
(1. 2). The eumelanins are dark brown or black, while the
phaeomelanins are lighter and reddish-brown. Between these
two extremes several mixed types of melanins can be found
(3.4).

Melanocytic activity can be studied by analysis of the urinary
excretion of the intermediate metabolites of the two kinds of
melanin: in the case of eumelanin the indolic compound 6-
hydroxy-5-methoxyindole-2-carboxylic acid (6H5MI-2-C) (5)
and in that of phaeomelanin the thioether compound 5-S-cystei-
nyldopa (5-S-CD) (6).

The antimalarial drugs chloroquine and hydroxychloroquine
are among the drugs that bind strongly to melanin (7), and they
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accumulate in tissues with a high melanin content such as the
eye (8) and the skin (9).

In dermatology, chloroquine has for many years been used
mainly for the prevention of photodermatoses such as poly-
morphic light eruption (10) and porphyria cutanea tarda (11).
Chloroquine is also used therapeutically in certain inflammatory
connective tissue diseases, such as rheumatoid arthritis (12),

Against the background of the strong capacity of melanin to
bind chloroquine, it seemed of interest to study the interaction, if
any, of the drug with melanocytic activity by measuring the
urinary melanin metabolites in patients with and without chloro-
quine treatment.

MATERIALS AND METHODS

A group of 22 patients with skin type IT and III (1 man and 21 women,
mean age 41.4 years) entered the study in 1991. The study was ap-
proved by the local ethics committee. Seven of the patients had discoid
lupus erythematosus (DLE), 6 polymorphic light eruption (PMLE), 4
rheumatoid arthritis (RA), 3 systemic lupus erythematosus (SLE), 1
subacute cutaneous lupus erythematosus (SCLE) and | had reticular
erythematous mucinosis (REM). Three of the patients with RA were
having concomitant treatment with drugs: 2 with non-steroidal anti-
inflammatory drugs and 1 patient had a daily dose of 5 mg of pred-
nisolone during the study. All patients were to be treated with chloro-
quine phosphate at a daily dose of 250 mg. Six of the patients (1 with
DLE. 2 with PMLE, 2 with SLE and the patient with REM) dropped
out, as 2 did not return for a second visit, | stopped the treatment after 2
weeks because of a suspected adverse drug reaction, and 3 samples
from 3 patients had to be excluded during the analysis for technical
reasons. In 11 of the 16 remaining patients chloroquine was given
during the summer in order to reduce photosensitivity, whereas in the 4
RA patients and the SLE patient medication was given during the winter
months. Thirteen patients were asked to collect a 24-h specimen of
urine before starting the chloroquine treatment and another specimen
after at least 2 months of treatment (steady-state). In 3 patients (1 with
PMLE, 1 with RA, | with SLE) who were already receiving chloro-
quine medication, the urine samples were collected during therapy and
after a washout period of at least 4 months after discontinuation of the
drug. Most of the patients (11/16) were thus treated during the summer,
but as 5 of them took chloroquine during the winter months, it seemed
of importance to investigate the influence of seasonal variations on the
excretion of the melanin metabolites in photosensitive patients. There-
fore 11 untreated patients with skin type II and III (4 men and 7 women,
mean age 41 years, 4 with DLE, 6 with PMLE, 1 with SLE) were
included in the study. The patient with SLE dropped out because of
chloroquine treatment, and 3 patients with PMLE dropped out because
of initiation of ultraviolet hardening therapy. None of the remaining 7
patients had any medical treatment during the study. They collected a
24-h specimen of urine in the spring (April-May) and another in the
early autumn (end of August-September) of 1994. Furthermore, a group
of 10 healthy controls with skin type II and III (3 men and 7 women,
mean age 38.4 years) were asked to collect identical samples att the
same points of time as the untreated patients. All patients in both groups
were avoiding the sun as much as possible, but the healthy subjects
were allowed sun exposure ad libitum. The specimens were collected in
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Fig. 1. The individual urinary concentrations of 5-S-cysteinyldopa (5-S-
CD). (@) and 6-hydroxy-5-methoxyindole-2-carboxylic acid (6H5MI-
2-C). 4O,

plastic bottles containing 50 ml of acetic acid and 1 g of sodium
metabisulfite. The total volume was measured and two 10-ml samples
of the urine were stored in plastic tubes at —=70°C until analysed. The
assays of 6H5SMI-2-C were performed with a gradient elution HPLC
system and fluorometric detection as described earlier (13, 14). The
concentration of 5-§-CD was measured according to an automaed
HPLC method (15, 16).

Statistical analysis

The values are given as means + SEM. Statistical significance of dif-
ferences within the groups was assessed by a paired s-test and the
differences between the groups by a two sample r-test for independent
samples.

RESULTS
The melanin metabolites 6H3MI-2-C and 5-S-CD were detected

in all samples. Fig. 1 shows the concentrations of the two
metabolites in ptmol/mol creatinine in the patients in the chloro-
quine-treated group without and during treatment. The urinary
excretion of 5-8-CD increased by a mean of 85% during chloro-
quine therapy (37.8+3.4 pumol/mol creatinine without and
70.1+11.7 during medication: p=0.01). In 4 of the patients the

concentrations of 5-S-CD during treatment were high, some in
the range of those seen in metastasizing malignant melanoma
(6). Two of these patients also showed pathologically high
concentrations of the eumelanin metabolite 6H5MI-2-C, during
medication, but the values were not as high as those of 5-S-CD.
Except in these 2 patients, the urinary excretion of 6H5SMI-2-C
was not significantly affected during chloroquine treatment
(30.8+3.1 without, 33.9+8.3 during treatment) (Fig. 1). One
single patient showed an elevation of 6H5SMI-2-C above the
reference value while not taking chloroquine, but a normal value
during steady-state of chloroquine treatment.

Table T shows the basal concentrations and the differences in
concentration at the follow-up of 5-S-CD and 6H5MI-2-C in the
patients. When comparing those who were treated with chloro-
quine during the summer months with the untreated patients
(who left their samples during the same period of time). it can be
seen that the concentration of 5-S-CD was significantly in-
creased in the treated group, while in the untreated group no
significant change was found at the end of the summer
(p=0.03). The differences in the concentrations of 6H5MI-2-C,
on the other hand, showed no significant changes in any of the
groups during the study (Table I). In the healthy controls a non-
significant increase of 5-S-CD (24%) and a non-significant
decrease of 6H5MI-2-C (26%) were found at the follow-up.

DISCUSSION

This study has shown that chloroquine medication affects the
melanin precursor 5-S-CD, resulting in a markedly increased
urinary excretion of this phaeomelanin marker. The excretion of
the eumelanin marker 6HSMI-2-C, on the other hand, was
hardly affected. Some high values of 5-S-CD, in the range of
those seen in melanoma patients, were noted (6). In untreated
patients, the excretion of both compounds was clearly within the
normal range (5, 13).

The urinary excretion of 5-S-CD has previously been found to
be affected by different stimuli. In healthy subjects it varies with
the season of the year, being highest in the summer, interme-
diate in the spring and autumn, and lowest in the winter (17). An
increase in melanocyte activity similar to that seen during the
summer can be observed after exposure to artificial UV irradia-
tion. During PUVA treatment, for example, a marked increase in

Table 1. Basal concentrations and differences in concentration at the follow-up of 5-S-CD and 6H5SMI-2-C (umolimol creatinine,

means +SEM)

Basal concentrations

Differences in concentration at the follow-up

5-8-CD 6H5MI-2-C 5-5-CD 6H5MI-2-C
All patients 474+45 334+39 chloroquine-treated +323+11.7 +29+ 84
(n=23) (n=16) (p=001) (NS)
untreated -43+ 76 -03+ 8.6
(n=7) (NS) (NS)
All patients summer period 498+5.6 353+48 chloroquine-treated +432+156 +53+12.1
(n=18) (n=11) (p=0.02) (NS)
untreated -43+ 7.6 -0.3+ 8.6
(n=7) (NS) (NS)
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the urinary excretion of both 5-5-CD and 6H5MI-2-C has been
found (5).

These previous findings of seasonal and UV-induced changes
in the 5-5-CD metabolism have to be taken into consideration
when evaluating the results of the present study, in which
chloroquine treatment in 11/16 patients was given only during
the summer months. In these patients the drug was given for the
purpose of preventing photosensitivity, implying that they were
careful to avoid sun exposure and to use sun screens. To further
elucidate the possible influence of UV exposure, an untreated
group of patients and a group of healthy subjects were asked to
collect samples in the spring and early autumn. No increase in
5-8-CD excretion was found in the untreated patients at the
follow-up (Table I). The healthy controls who lived a normal
outdoor life during the summer showed a moderate increase in
the 5-S-CD concentration at the follow-up (p=0.2).

All the patients had pale skin at the follow-up at the end of the
summer, except for 2 in the treated group and one in the
untreated group, who were more pigmented at the revisit than
when entering the study. The 2 patients in the treated group were
among those with pathological 5-S-CD values during treatment.
Interestingly, the most pigmented of these 2, who showed the
highest value of 5-S-CD (Fig. 1), in contrast to the other pa-
tients, also displayed a great increase in 6H5SMI-2-C urinary
excretion during chloroquine treatment. The fact that in most
patients during chloroquine treatment the 6H5MI-2-C concen-
trations were normal, while the 5-S-CD concentrations in-
creased, is evidence against UV-induced stimulation of the mel-
anogenesis, since a simultaneous increase in the two melanocyte
metabolites has been observed during PUVA therapy (5).

However, 5-8-CD, in contrast to 6H5MI-2-C, has been found
to reflect not only the tyrosinase activity in the melanosomes but
also a non-specific oxidation of dopa outside the melanosomes
(18). Rorsman & Tegner (19) reported an increase in 5-S-CD
excretion in patients with erythematous reactions after PUVA,
UVA or UVB treatment. According to Stierner et al. (20), the
highest excretion values of 5-S-CD after UVB irradiation are
found in patients with skin type II, who are more prone to
develop erythematous reactions than patients with darker skin
types. Our patients represented skin types IT and 1T, but only 1
of them reported an erythematous reaction after UV exposure
more than a month before the steady-state sampling.

In conclusion, during chloroquine treatment an increase in the
urinary excretion of 5-S-CD was found. By using two control
groups we excluded the possibility that this increase would be
related to sun exposure only. The fact that only 5-S-CD excre-
tion increased but not the excretion of 6HSMI-2-C indicates that
this increase is not related to tyrosinase activity, but rather to
non-specific dopa oxidation outside the melanocyte, i.e. chloro-
quine does not seem to interact with melanocytic activity.
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