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Abstract. The effect of anti-Parkinson therapy on the uri­
nary excretion of 5-S-Cysteinyldopa (5SCD). a catechol 
metabolite of dihydroxyphenylalanine (DOPA) and 
marker for the melanocyte, was studied by means of high 
performance liquid chromatography. 5SCD was normal in 
Parkinson patients treated with anticholinergics. DOPA 
administration increased 5SCD excretion. Carbidopa and 
DOPA together elevated 5SCD markedly in a dose-depend­
ent manner to values higher than seen in some patients 
with metastatic malignant melanoma. The effect of anti­
Parkinson therapy should be considered whert using 5SCD 
as a tumor marker or when a Parkinson patient has a 
melanoma. 
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Cancern and controversy has arisen over what risk. 

if any. long-term administration of levodopa 

(DOPA) for Parkinsonism poses for developing 

malignant melanoma (1-7). While the risk appears 

to be exceedingly small ( 4), several cases of malig­

nant melanoma, including 2 cases of non-familial 

multiple primary melanomas, have been reported in 

patients who had received levodopa ( l ,  7). Although 

a clear relationship for melanoma induction has not 

been established, DOPA is a well known biosyn­

thetic precursor of melanin, and the urinary excre­

tion ofDOPA has been found to be elevated in a few 

cases of malignant melanoma (8). More recently, a 

catechol metabolite of DOPA, 5-S-C ysteinyldopa 

(SSCD) has been found to be elevated in the urine of 

many patients with metastatic pigmented melanoma 

(9-12). Since 5SCD appears to be an important 

marker for melanocyte activity, we evaluated the 

effect of DOPA and carbidopa on 5SCD metabolism 

in Parkinson patients without melanoma. 

MATERIALS AND METHODS 

Patient se/ection 

We studied 40 Parkinson out-patients of different ages 
(35-75 yrs), disease duration (1-27 yrs) and severity of 

illness (Stage 1- Stage V) (I 3). Treatment included no 
medication. anticholinergics. or varying amounts of 
DOPA, either alone or DOPA plus carbidopa. Most pa­
tients had been receiving DOPA plus carbidopa for more 
than 5 years. No Parkinson patients were receiving vi­
tamin B6 or had skin lesions suggestive of melanoma. Con­
trols were selected from both normal individuals of com­
parable age as well as out-patients with retrocollis. tor­
ticollis. or paraplegia. The urine from 8 additional non­
hypertensi ve. non-neurological in-patients was also 
pooled and evaluated. Three patients with melanoma were 
also evaluated. 

Urine collection 

A 24-hour urine sample was collected from out-patients 
after 3 days of a low "VMA" diet which excluded coffee. 
tea, soft drinks, chocolate. licorice, mature cheese. 
bananas, and vanilla. Dietary compliance was ascertained 
by patient and spouse report. The collection bottle con­
tained 25 ml of 6 M HC. The final urine pH after collec­
tion was adjusted to 2.0. Total volumes were measured 
and several 12-ml aliquots were stored at - 7ff'C until 
analysed. Reanalysis of samples stored under these condi­
tions showed stable levels of DA. DOPA, and 5SCD for at 
least a year. 

Catechol analysis 

3-ml samples of filtered urine containing isoproterenol 
(IPT) as an interna! standard were deproteinized with 2 g 
NH,SO, (14. 15). The supernatant was washed twice with 
5 ml ethyl acetate and once with 5 ml hexane. The aque­
ous phase was transferred to a 10 ml beaker and 100 µI of 
10% EDTA solution and 100 µI of 5% Na2S,O0 solution 
were added. The samples were rapidly adjusted to pH 
8.4-8.5 with approximately 5 drops of 3 N NaOH and 
immediately bound to 70 mg of alumina. They were 
washed three times with phosphate buffer, pH 7.4, and 
dried in a vacuum oven. The catechols were eluted with 
l .  8 ml l N perchloric acid. The eluates were filtered before 
analysis on a high performance liquid chromatograph
(Perkin Elmer) employing a LC, electrochemcial detector
(Bioanalytical Systems). The mobile phase buffer consist­
ing of 2.9 g phosphoric acid and 6 g methanesulfonic acid
at pH 1.75 ran at a flow rate of 0.8 ml/min. The reference
elect_rode was set at 0.75 mV. Samples (100 µ.I) were
injected onto a 5µ, C 18 Nucleosil column. Authentic stand­
ards of DOPA and DA were obtained from Sigma. 5SCD
was a gift from Professor Agrup of University of Lund,
Sweden (9). Peak areas were integrated using a Perkin 
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Table I. Urinary catl'c!wls in Parki11sonis111 ( PD) 

Oral (mg/day) Urine (µg/day)±(SD) 
Carbidopa/ 

Condition (N) DOPA DOPA DA 5SCD 

Urine pool (22) 0/0 23±9 117±29 81±33 
Controls ( I 0) 0/0 34±38 154±94 83±91 
Melanoma (3) 0/0 44±25 210±120 430±400 
Pd anticholinergic (3) 0/0 16± 1.4 200± 110 146±14 
Pd untreated (3) 0/0 52±43 260±80 200± I 10 
Pd (3) 0/2 000 2 800±270 15 000±9 700 380±60 
Pd (2) 0/4 500 15 500±9 900 19 500±8 700 I 400±510 
Pd (4) 30/300 16 000±9 500 15 000±5 600 830±400 

( I) 60/600 27 000 16 000 800 
Pd (7) 75/750 28 000=21 000 11 500±7 400 930±390 
Pd (6) 100/1 000 31 000±22 000 10 000±6 800 I 900± I 600 
Pd (J) 125/ I 250 34 000 10 000 2 500 
Pd (I) 150/1 500 25 000 14 000 I 600 

6 additional Parkinson patients on other doses of carbidopa/DOPA were analysed (data not shown) and gave results 
consistent with the abovc data. 

Elmer Sigma 10 Data Station. and identified by co-migra­
tion with the authentic standards. Catecholamine values 
were compared with normal and neurulogical controls as 
well as with known literature values (8. 16). 

RESULTS 

Normal chromatogram 

In the normal chromatogram, multiple peaks were 

present. The compounds of interest eluted in the 

following order: DA (7.0 min), DOPA (9.5 min) and 

5SCD (15.5 min). The compounds recovered with 

the following percentages: DA (52), DOPA (57), and 

5SCD (66). However, results were based on the 

ratio of peak areas of each compound in the sample, 

versus the corresponding standards added to the 

pool. Calculations were corrected for endogenous 

catecholamines in the pool and internat standard 

recovcry. The values for the normal pool are seen 

in Table I. Values from JO additional out-patient 

normal subjects and neurological controls were 

slightly higher, probably retlecting increased activi­

ty. 

Urine DOPA 

The urine excretion of free DOPA in three umnedi­

cated Parkinson patients was similar to controls. 

DOPA excretion in 3 patients receiving an­

ticholinergics alone was also similar to controls 

(Table I). In patients taking DOPA, the urinary 

excretion of DOPA varied between 0. 15 and 0.40% 
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of the amount ingested. lncreased excretion of 
DOPA with incrcascd dose is seen in Fig. I A 

(- carbidopa). In patients taking carbidopa and 

DOPA in a I: 10 ratio (Fig. I a, + carbidopa), the 

amount of urinary excretion of DOPA increased 

7-8-fold. The percentage excreted also increased to

about 2.5 % of that ingested.

Uri11e DA n11d DA/DOPA + DA Ratio 

In the 3 unmedicated Parkinson patients and the 3 

patients taking anticholinergics, the DA/DOPA + 
DA ratio (0.83-0.92) was similar to controls (0.82-

0.95) (Fig. 2). With DOPA therapy. the DA/DOPA 

+ DA ratio was 0.60-0.90 but the DA excretion was

a!ways higher than DOPA. With the ingestion of

DOPA + carbidopa, the DA/DOPA + DA ratio was

lower (Fig. 2). At 75/750(N=7), the amount ofDA

was always less than DOPA and the ratio was 0.33.

About 50-75 mg of Carbidopa gave a 50 percent

reduction in the DA/DOPA + DA ratio.

Urine 5-S-Cysteiny{dopa 

The upper lim it of normal of 5SCD excretion in our 

control s is 200 µg/day. with a borderline range of 

200-400 µg/day. The urinary excretion of 5-S-Cys­

teinyldopa in 3 unmedicated Parkinson patients was
in the normal-to-low borderline range. Three pa­

tients who were on anticholinergics alone had nor­

mal urinary 5SCD excretion. Among patients who

received low-dose DOPA (Fig. I B, - Carbidopa),

5SCD values were borderline range. In patients tak­

ing higher doses, 5SCD was markedly increased.
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24 URINARY 5S CYSTEINYL DOPA EXCRETION 

IN MELANOMA AND PARKINSONISM 
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Fig. 3. Urin:iry 5-S-Cysteinyldopa in controls. patients 
with malignant melanoma. and Parkinson disease. 

appears to reflect a greatcr substrate availability of 

DOPA for the melanocyte. 5SCD has recently been 

noted in �ympathetic ganglion cells (22) and may 

perhaps originate from other neurocrest deriva­

tives. 

The further elevation of 5SCD in our patients 

after dopa decarboxylase inhibition would be con­

sistent with the reported enhancement of DOPA 

incorporation into subcutaneous melanoma cell 
lines in the mouse after dopa decarboxylase inhibi­
tion (23). We tried to asscss the degree of peripheral 

DOPA deca1boxylation in our patients by compar­

ing the amounts of DOPA and dopamine excreted 

in the urine. The ratio of DA/DOPA + DA was 

selected because the sum of DOPA and DA ac­

counted for more than 90 % of the urinary catechol 

derivatives in treated Parkinson patients (Fig. 2). 

This ratio was high in controls and in the untreated 

Parkinson patients (0.85-0.92). The ratio was 

somewhat lower (0.60-0.90) in DOPA-treated pa­

tients. but DA excretion was always higher than 

DOPA. In patients treated with both carbidopa and 
DOPA. the ratio was much lower and urinary 

DOPA excretion exceeded DA at doses of carbido­

pa above 75 mg. About 50-75 mg of carbidopa was 

needed to reduce this ratio by 50% (Fig. 2). This 

amount of carbidopa was associated with an en­

hanced 5SCD excretion (Fig. I). suggesting that 

increased 5SCD excretion occurred following dopa 
decarboxylase inhibition. 

Our ftnding of increased 5SCD afler DOPA 

therapy suggests that melanocyte activity in man 
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can be enhanced by increased substrate availability 

of DOPA. but doe� not permit any conclusion about 
the thcrapeutic ri,k� of mclanoma inuuction afte1 

long-term DOPA usage. Other stimuli such as long­
term exposure to ultraviolet radiation which may 

increase the risk of inducing mclanoma, also in­

creases 5SCD production acutely (9. 24). This fac­

tor must be seriously considered when measuring 

urinary 5SCD in a sunny climate. Nevertheless, 

alternative anti-Parkinson agents such as the direct 

acting dopamine agonists have beefl suggested for 

the melanoma patient with Parkinsonism (6. 7). 

Since we <lid not lind an increased 5SCD excretion 

in our Parkinson patients treated with anticholiner­

gics. �uch an alternative therapy might permit the 

accurate monitoring of urinary 5SCD as a marker of 

melanocyte activity in the melanoma patient with 

Parkin�on's diseasc and perhaps remove a potential 

therapeutic risk. 

ACKNOWLEDGEMENTS 

We thank Professor G. Agrup of the Department of Der­
matology. University of Lund. Sweden. for the sample of 
5-S-cysteinyldopa. We also thank Ms Cheryl Beisert for
the secretarial skills. This work was supported by the Dal­
las Area Parkinsonism Society. Dallas Texas.

REFERENCES 

I. Skibba, J. L., Pinckley, J., Gilbert, E. F. & Johnson,
R. 0.: Multiple primary mclanoma following ad­
ministration of levodopa. Arch Pathol 93: 556, 1972.

2. Robinson. E .. Wajsbort. J. & Hirshowitz. B.:

Levodopa and malignant melanom.;. Arch Pathol
95: 213. 1973.

3. Liebcrman, A. N. & Shupack, J. L.: Levodopa and
melanoma. Neurology (Minneapolis)24: 340, 1974.

4. Sober. A. J. & Wick. M. M.: Levodopa therapy and
malignant melanoma. JAMA 240: 554. 1978.

5. Fermaglich. J. & Delaney, P.: Parkinson·s disease
melanoma and levodopa. J Neurol 215: 221. 1977.

6. Fermaglich, J., Delaney. P .. Sober, A. J. & Wick.
M. M.: Levodopa and melanoma. In reply to levo­
dopa and rnelanoma (2 letters to the editor). JAMA
242: 883. 1979.

7. Bernstein, J. E., Medenica, M., Keyournars. S .. Sol­
omon, A. & Lorincz, A. L.: Levodopa administration
and rnultiple primary cutaneous melanomas. Arch
Dermatol //6: 1041. 1980.

8. Voorhers. M. L.: Urinary excretion of DOPA and
rnetabolites by patients with melanoma. Cancer
26: 146. 1970.

9. Agrup. G .. Agrup. P .. Anderson. T .. Falck. 8 .•
Hansson. J. A .. Jacobsson. S .. Rorsman, H .. Rosen­
gren. E. & Rosengren, A. M.: 5-S-cysteinyldopa in the



urine of melanoma patients. Acta Dermatovener 
(Stockholm) 57: I 13, 1977. 

10. Aubert, C., Rosengren, E., Rorsman, H., Rouge, F.,
Foa, C. & Lipcey, C.: 5-S-cysteinyldopa in diagnosis
and treatmenl of human malignant melanomas and
ultrastructural observations. Europ J Cancer 13: 1299,
1977.

11. Hansson, C., Edholm, L. E., Agmp, G., Rorsman, H.,
Rosengren. A. M. & Rosengren, E.: The quantitative
determination of 5-S-cysteinyldopa and dopa in nor­
mal serum and in serum from patients with malignant
melanomas by means of high pressure liquid
chromatography. Clin Chim Acta 88: 419, 1978.

12. Hansson. C., Agrup, G., Rorsman, H., Rosengren, A. 
M. & Rosengren, E.: Analysis of cysteinyldopas,
dopa, dopamine, noradrenaline and adrenaline in
serum and urine using high performance liquid
chromatography and electrochemical detection. J 
Chromatogr 162: 7, 1979.

13. Hoehn, M. H. & Yahr, M. D.: Parkinsonism: Onset,
progression and mortality. Neurology (Minneapolis)
17: 427, 1967.

14. Kissinger, P. T., Riggin, R. M., Alcorn, R. L. & Rau,
L. D.: Estimation of catecholamines in urine by high
performance liquid chromatography with elec­
trochemical detection. Biochem Med 13: 299, 1975.

15. Stewart, R. M., Tunnel, G. & Ehle, A. L.: Familial
spastic paraplegia, peroneal neuropathy and crural 
hypopigmentation: A new neurocutaneous syndrome.
Neurology (NY)J/: 754, 1981.

16. Agrup, G., Agrup, P., Andersson, T., Hafström, L., 
Hansson, C., Jacobsson, S., Jönsson, P. E ..
Rorsman, H., Rosengren, A. M. & Rosengren E.: 5 
year's experience of 5-S-cysteinyldopa in melanoma 
diagnosis. Acta Dermatovener (Stockholm) 59: 381, 
1979.

17. Fitzpatrick. T. B., Mujamoto, M.& lschikawa, K.: 

The evolution and concepts of melanin biology. Arch 
Dermatol 96.- 305, 1967.

5-S-Cysteiny/dopa 101 

18. Agrup, G., Falck, B., Rorsman, H., Rosengren, A. M. 

& Rosengren, E.: lntracellular distribution of DOPA
and 5-S-cysteinyldopa in Harding-Passey melanoma.

Acta Dermatovener (Stockholm) 57: 313, 1977. 
19. Agrup, G., Hansson. C., Rorsman, H., Rosengren. A.

M. & Rosengren, E.: Free and bound 5-S-cysteinyl­
dopa in human malignant melanomas. Acta Der­
matovener (Stockholm) 58: 270, 1978. 

20. Agrup, G .. Falck, B .. Hansson, C.. Rorsman. H.,

Rosengren, A. M. & Rosengren, E.: Metabolism of 
5-S-cysteinyldopa by O-methylation. Acta Der­
matovener (Stockholm) 57: 309, 1977. 

21. Jchihashi, M., Mojamdar, M. & Mishima, Y.: Ex­
perimental and clinical investigation on lhe dynamics
of 5-S-Cysteinyldopa in malignant melanoma in vivo:
Production, excretion, and regulatory factors. In

Pigment Cell 1981, Phenotypic expression in pigment
cells (ed. M. Seiji) p. 601. University of Tokyo Press,
1981.

22. Fehling, C., Hansson, C., Paulsen, J., Rorsman, H.
and Rosengren, E. 5-S-Cysteinyldopa in ganglion
stellatum. J Neurol Transmission 52: 251-257. 1981. 

23. Wick, M. M., Kramer, R. A. & Gorman. M.: En­
hancement of L-Dopa incorporation into melanoma
by dopa decarboxylase inhibition. J Jnvest Dermatol
70: 358, 1978. 

24. Nixon, P. F.: The urinary cysteinyldopa in melanoma 
and in suntanning. Australian Experience. Aust N Z J
Surg48: 17, 1978. 

Received June 15, 1982 

R. M. Stewart, M.D. 
Department of Neurology
Southwestern Medical School 
5323 Harry Hines Blvd 
Dallas, TX 75235 
USA 

Dermatouener (Stockholm) 63 




