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Abstract. With the aid of gas chromatograph> and ma\� 
spectrometry a metabolitc of dopa. 3-methoxytyrosine. 
has becn demonstratcd in the urine of 2 patients with 
melanoma metastases. the amounts excreted bcing 4.0 mg 
and 8.5 mg/24 hours. re�pectively. 3-Methoxytyro�ine 
could not with certainty be identified in the urines of two 
normal subjects. 
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Certain melanoma pa1ien1s excrete specific 

metanorna metabolites in the urine in �uch largc 

amounts that a laboratory diagnosis of melanoma 
is possible. Traditionally. Thormählen-positive 
melanogens have receivcd much attention in the 

investigation of patients with melanoma. Quan­
titative determination of Thormählen-positive 
melanogens has practically no value in early 
diagnosis. howcver (5). The determination of dopa. 
which is an intermediate substance in melanin for­

mation, has bcen considered to be of greater value 

(7, 11. 12. 13). Recent studies have indicated 

that assessment of another amino acid, 5-S­

cysteinyldopa, which is a specific metabolite of 
the melanocytes, yields even more information ( I). 

It now seems possible to obtain a more thorough 
understanding of the biochemistry of melanin for­

mation in melanoma cells by studying the specific 
intermediate products. some of which may have 
cytotoxic properties (8). Practically nothing is at 

present known about whether certain metabolic 

differences in melanin formation may be related 
to other features of melanomas. The detection of 
specific melanoma metabolites and the develop­

ment of quantitative methods for their investigation 
will probably make it possible in the near future to 

define a biochemical profile of every melanoma. It 

will thcn become neccssary to inve,tigate 10 what 
extent differences in melanogenesis may be corre­
lated 10 other parameter� of melanoma. c.g. growth 

and immunogenesis. • 
A'> a basi� for thi� a definition of the wmpound, 

observed in pathological amounb in the urine of 
melanoma patients will be nece�sary. The detection 
of a new sub�tance in the urine of melanoma pa­

tients. 3-methoxytyro�ine. is reported here. 

MATERIAL A:-1D \IETHODS 

24-hour specimens of urinc were collected from 2 healthy
adults. one man and one woman. and from 2 men aged 46
and 64 year<; (H. 'I. and C. R.) wilh wide�pread melanoma
metastases and general increase in pigmentation.

The specimcns were collected in plastic bollles contain­
ing 50 ml glacial acetic acid and I g \odium merabisulphite. 
Dopa-,.dopaminc and 5-S-cysteinyldopa "ere determined 
by methods previously dc�cribed n. IO). 

20-ml specimens of urinc were put on a column measur­
ing 27x5 mm and containing Dowex 50W-X4. H�-form. 
Elution was performed with 2 N HCI. and the emuent was 
collected in 5-ml fractions. The �econd fraction was 
further investigated by combined gas chromatography and 
mass spectrometry (GC-MS). 

For this purpose I ml of the ,econd fraction was evapo­
rated to drync,s and thc residue dissolved in 150 µI 
methanol-HCI. prepared by pas,,ing HCI gas. pa"ed 
through H,SO •. into methanol 10 a concentration of 3 N 
HCI. The sample was then heated for 15 min at 100°C in a 
sealcd tube. Ncxt, the methanol-HCI was evaporated us­
ing a strearn of dry nitrogen. 30 µI pentaJluoropropionic 
anhydride (PFPA) was then added and the tube heated at 
60°C for 30 minutes in the tapcred reaction vial. The PFPA 
was evaporated with dry nitrogen and the residue dis­
solved in 30 µI I% PFPA in ethyl acetate. 

Authentic 3-methoxytyrosine was treated with 
methanol-HCI and PFPA in the same way as the speci-
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mens of urine. The gas chromatograph mass spectrometer 
used was an LKB 2091. For gas chromatography a glass 
column (9 ft x2 mm) containing 3'¾ OV-I7 on Chromosorb 
W, mesh 100-120. was u,ed. The working condition� were 
as follo"s. 

Column temperature I8(l"C. Flash heater 220"C. Helium 
now 20 ml/min. Temperature of the mulecular �cparator 
of the mass spectrometer 240"C. lon ,ource temperature 
270-C. lonizing voltage 70 e V. Standard accelerating volt­
age 3.5 kV. Trap current 50 ,-.Amp.

For quantitation of 3-mcthoxytyro,ine in the eluates, 
the ion intensity of threc fragments. i.e. al m/e 354, 295 
and 283, was measured by mass fragmentography using 1-2 
,-.I of eluate from melanoma patients and 25 ,-.I of eluate 
from healthy subjects. a-methyl-p-tyrosine treated with 
methanol-HCI and PFPA was used as internat standard 
(m/e 338). 
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Fiµ. I. Mas� �pcctrogram 
of PFPA-methyl­
derivative of 3-methoxy­
tyrosine (A) and of the 
compound in melanoma 
urine (B). 

RESlJL TS 

Gas chrornatography cornbined with rnass spec­

trornetry of material isolated from thc rnelanoma 

urines showed the presence of a substance 

with the �arne retention time and the same frag­
mentation pattern as the 3-methoxytyrosine deriva­
tive (Fig. I). Fragmcntation of the 3-methoxy­

tyrosine derivative takes placc in all probability 
as illustrated in Fig. 2. Some of the fragments 

were established by esterification with deuterized 
methanol. 

Quantitation of 3-methoxytyrosine was per­
formed by mass fragmentography. Of several 
interna! standards considered. a-methyl-p-tyrosine 
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CH:JO j_ colocH3

C2F5�0 0- CHI" c�· NH 
147 354 283 234 

Fix. l. Fragmcnt<11ion of PFPA-mcthyl-derivative of 3-methoxytyrosi nc.
was found the most satisfactory. The urine� tn· vestigated were tested for the presence of a �ub­stance with the same retention time as cr­methyl-p-tyrosine and with a fragment at m/e 338. No sub,tance fultilling thesc criteria was found when the above amount� of thc eluatc were U\ed. The retention time for 3-methO>.) tyrosine was 4. 92 min and for cr-rncthyl-p-tyro�ine. 2.28 min. The fragment\ of the rnethoxy derivative at 111/e 354. 295, and 283 I.\Cre used. The �arne ratios of in­tensities of the fragment\ at 111/e 354, 295. ancl 283 >were obtained for the derivative from melanoma urines as for thc authentic 3-rncthoxytyrosine (Fig. 3). 11 should be noted that relative inten\ities of the 
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Fig. 3. Mass fragmentometric analysis of 3-methoxy­tyrosine in melanoma urines. 
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Fi;:. 4. Mas, fragmentogram obtained from analysi, of a melanoma urine. Interna! ,tandard (a-methyl-p-tyro,inc 
111/e 338). 
fragment� in Fig. I are not the ,arne as those in Fig. 3. This is due 10 the fact that the values in Fig. Iwere obtained 1.\-ith constant accelerating voltageand varying magnetic field. whereas the data in Fig.3 were obtained with varying accelerating vo,tageand constant magnetic field.The mass fragmentogram of one of thc melanoma urines i\ \hown in Fig. 4. The urinary e.xcretion of 3-methoxytyrosine is given in Table I. which also�hows the excretion of 5-S-cy\teinyldopa and of dopa +dopamine. Patient H. N. with mclanoma excrete<.1 4.0 mg of 3-rnethoxyiyro�ine per 2-1 hou"· and patient C. R. 8.5 mg/24 hours.The rnass spectrum obtainc<.I from processed urines of healthy �ubjecb has not produced definite proof of 3-rnethoxytyro�ine. �ince the ratios be­tween thc ion densities of the fragments selected for 
Table I. Urinary excrerion of J-111etho.1.wyrosi11e.

dopa +dopamine, and 5-S-cysteinyldopa in 2 
healthy subjects and i11 2 patie11ts ll'ith mela110111a 

metaswses (mg/24 hoursJ 

3-methoxytyrosineDopa +dopamine5-S-cysteinyldopa

Healthy sub- Melanoma jects patients L.E. K. P. H. N. C. R. 
<0.11 <0.09 -1.0 8.5 0.25 0.18 1.6 5.6 0.29 0,07 57 28 
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mass fragmentography were not i<lcntical to those 

of the 3-methoxytyrosine derivative. It may be con­
cluded that the excretions of 3-methoxytyrosine in 
the 2 healthy subjects were le,� than 0.09 and 0. 11 
mg per 24 hours. respectively. 

The excretion of dopa+dopamine in patient 
H. N. with melanoma metastasi� was I. 6 mg/24 
hours, in patient C. R. 5.6 rng/24 hours, and in the 2 
healthy subjccts 0.25 mg and 0. 18 mg/24 hours. 
respectively. Patient H. N. with melanorna me­

tastas is excreted 57 mg 5-S-cysteinyldopa per 24 
hours and patient C. R. 28 mg/24 hours. The 
amounts of 5-S-cysteinyldopa were 0.29 mg and 

0.07 mg/24 hours in the 2 healthy subject,. 

DISCUSSION 

Dopa. a key substance in melanization. is 
metabolized in thc body 10 a large number of com­
pounds (6). One of the principal metabolite, is 

3-methoxytyrosine. The amount of this substance
excretcd in the urine ma) re0ect the dopa that has
reached the circulation: but 3-mcthoxytyrosine may
al,o be formed in dopa-comaining cells INhich con­
tain catechol-O-mcthyl transferase. In lhe urine
from melanoma patienh 3-metho,� t1ro,,ine was
present in substantially larger amounh than was
dopa. This raises thc interesting po.,sibilit) that de­
termination of 3-methoxytyro,ine in the urine of
patient'> with melanoma may prove important in the 
investigation of the catechol metabolism of paticnb
with this condition.

It has previously been reported that the urinar} 
excretion of a recently detected amino acid. 5-

S-cysteinyldopa. cnsitively reOcch the pigment
formation (9). 5-S-cysteinyldopa i, the result of
interaction of dopaquinone with cysteinc or gluta­
thione in the melanocytes (2).

In contrast. the cxcretion of 3-metho,yt} nhine 

may re0ect the amount of 11011-oxidizcd dopa or 
3-methoxytyrosine leaking from thc melano­
cyte, and perhaps al,.o from other celb. lf
3-methoxytyrosine has its origin in the rnelano­
cytes alone. simultancous determination of 5-
S-cystcinyldopa and 3-mctho,} t) ro,ine in the urine
will yield important information on the catcchol
metabolism of the pigment-forming cell.

Using a recently reported method. Banda ct al. 
have ana)y,.ed reducing compound, in the urine of 
melanoma patients, and have found a great number 
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of unidentified substances. one of which shows 
the chromatographic behaviour of 3-methoxy­
tyrosine (4). We have used different chromato­
graphic ,.ystems, and the present finding of 
3-methoxytyrosine and the previou» one of 5-

S-cy�teinyldopa in melanoma urine� (I) do not
permit of any conclusion with regard 10 the identity
of the peaks reported by Banda et al. (4).
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