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Eumelanm-related mdohc compounds are speclflc metabohtes of pigment 
tissue. They are formed m melanocytes during melanogenesls, and a small 
part of them 1s then excreted from the cells into extracellular space after being 
partly methylated [l] The compounds are then transported m blood and 
eliminated from the body, some of them as conJugates with glucuromc [Z] or 

sulphurlc [3,4] acid 
Increased amounts of these substances are frequently found in the urine of 

patients suffermg from malignant melanoma Seven mdohc eumelanm-related 

compounds have been identified in melanotlc urine [5-71 Two of them, 
namely 5,6-dlhydroxymdole (5,GDHI) and 5,6-dlhydroxymdolyl-2-carboxyhc 
acid (5,6DHI2C), are direct eumelanm precursors, the others are their 

O-methylated derivatives* 5-hydroxy-6-methoxyindole (5H6MI), 6-hydroxy-5- 
methoxymdole (6H5MI), 5-hydroxy-6-methoxymdolyl-2-carboxyhc acid 
(5H6MI2C), 6-hydroxy-5-methoxymdolyl-2-carboxyhc acid (6H5MI2C) and 

5,6-dimethoxymdolyl-2wboxyhc acid (5,6DMI2C). 
The determmatlon of the mdohc substances may be of interest m studies 

dealing with melanin plgmentatlon and malignant melanoma In 1983, we 
described a gas chromatographlc-mass spectrometnc method employmg 
deutenum-labelled analogues as internal standards [8] _ To our knowledge, that 
method was the only one avtilable for the profllmg of eumelanm-related com- 
pounds. In order to set up a generally more accessible method for the analysis 
of eumelanm-related metabohtes, we turned our attention to high-performance 
hquld chromatography (HPLC) 

The present paper describes a procedure for separation and detectlon of 
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eumelanm-related mdohc substances m unne using reversed-phase HPLC with 
fluorunetrlc d&&on. 

EXPERIMENTAL 

Chemwals 
Eumelamn-related mdohc compounds were synthesized from 3,4-dlhydroxy- 

phenylalamne and 3,4-dlhydroxyphenylethylamme as described elsewhere [9] . 
5-Methoxymdolyl-Z-carboxyhc acid (5M12C) was purchased from Janssen 
Chlmlcal (Beerse, Belgmm). Hehx pomatla Juice was from 1’Industrle 
Blologlque Francarse (Genneviliers, France). 5-Hydroxyindolyl-3acetic acid 
(5HIAA) and mdolyl-3-acetlc acid (IAA) from Sigma (St LOUIS, MO, U S A ) 
and mdican from Fluka (Buchs, Switzerland) were used to confirm their 
presence m urinary extracts. All other chemicals and solvents were obtained 
from Merck (Darmstadt, F R.G ) and used without any further purlficatlon, 

Chromatographac condltlons 
Apparatus The chromatographlc system consisted of a Vman Model 5000 

hquld chromatographlc pump, a Waters Model 710B WISP automatic sample 
inJector and an RP-8 Spherlsorb ODS-5 analytical column (IO cm X 4.6 mm 
1.D ) with a 3cm guard column (Brownlee Labs., Santa Clara, CA, U S A ) 
The column was operated at amblent temperature Detectlon was accomphshed 
by a Perkm-Elmer Model 650-10s fluorescence spectrophotometer with exclta- 
t~on and emlsslon wavelengths set at 305 and 360 nm, respectively, and with 
the slit bandwldth set at 15 nm 

Mob& phase The moblle phase consisted of (A) methanol and (B) sodium 
acetate buffer solution (0.05 mol/l) contammg 0.01 mol/l ascorbic acid and 
0 001 mol/l Na,EDTA (pH 4 30) Methanol gradlent elutlon was used startmg 
from 15% (v/v) methanol with an increase to 40% (v/v) from 5 to 20 mm The 
flow-rate was kept constant at 1 5 ml/mm. 

Sample preparation 
Wzth hydrdysls To 4 ml of urine, 1 pg of 5MI2C (mternal standard, I S.) 

was a&led followed by 500 ~1 of 1.25 mol/l sodium acetate buffer (pH 6 2) 
and 100 iul of Helix pomatla Juice contammg /3-glucuromdase and sulphatase 
actlvlty The sample was shortly bubbled with nitrogen and incubated m a 
shahg water-bath at 37°C for 90 mm. After the mcubatlon, the sample was 

saturated with sodmm chloride, bubbled agam with nitrogen and extracted 
with 2 X 4 ml of dlethyl ether Pooled extracts were evaporated and redissolved 
m 500 ~1 of the HPLC elutlon mixture contammg 15% (v/v) of methanol 
Ahquots of 20 ~1 were usually used for InJection on the column 

Wzthout hydrolysis Urme (4 ml) was mixed with internal standard (1 S-) 
and sodium acetate buffer as described above The sample was then saturated 
with so&urn chloride, bubbled with nitrogen and extracted with 2 X 4 ml of 
&ethyl ether Pooled extracts were processed as described above 

RESULTS AND DISCUSSION 

A chromatogram of a mixture of synthetically prepared mdohc eumelanm- 
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related substances with the I.S. IS shown m Fig. 1 As can be seen, the 
chromatographlc condltlons made it possible to separate all of the seven mdohc 
compounds of very slmllar structure. 

When we analysed the dlethyl ether extracts of normal unhydrolysed urine 
(Fig 2A) we could, besides the lsomenc 5H6MI2C and 6H5MI2C, always 
detect two other mdohc substances 5HIAA and IAA Then Identity was 
conflrmed by comparmg their chromatographlc behamour and mass spectra 
(Figs 3 and 4) with those of the standards After hydrolysis with Hehxpomatla 
Juice, a few other mdoles excreted as coqugates (e g 5H6M1, 6H5MI and a 
substance tentatively identified as 3-hydroxymdole) appeared on the chro- 
matog-rams (Fig 2B) The concentration of the mdohc eumelanm-related com- 
pounds m normal urme samples was usually m the range of hundreds pmol/ml 
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Fig 1 Separation of standard mdoles usmg a methanol gradlent elutlon ulth fluorescence 
detectlon The compounds were eluted from an RP-8 Spherlsorb ODS-5 column (protected 
by a pre-column) with a mixture of methanol and acetate buffer contammg ascorbic acid 
and Na,EDTA, at a flow-rate of 1 5 ml/mm Abbrevratlons 5,6DHI = 5,6-dlhydroxymdole, 
5H6MI2C = 5-hydroxy-6-methoxymdolyl-2-carboxyhc acid, 5H6MI = 5-hydroxy-6-methoxy- 
mdole, 6H5MI2C = 6-hydroxy-5-methoxymdolyl-2-carboxyhc acid, 6H5MI = 6-hydroxy-5- 
methoxymdole, I S = internal standard (5-methoxymdolyl-2-carboxyllc acid), 5,6DMI2C = 
5,6-dlmethoxymdolyl-2-carboxyhc acid 
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Fig 2 Typical chromatogram of an extract from a normal urine (A) without and (B) mth 
enzymlc hydrolysis of glucurono and sulpho coqugates. Abbrewatlons 5HIAA = B-hydroxy- 

mdolyl-3-acetlc acid, IAA = mdolyl-3-acetlc acid, 3-OH mdole = 3-hydroxylndole, for other 
abbrevlatlons, see Fig 1 
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Fig 3 Mass spectrum of the pentafluoroproplonyl (PFP) and hexafluorolsopropyl (HFIP) 
derlvatlve of 5-hydroxymdolyl-3-acetlc acid (5HIAA) Appropriate HPLC eluates from 
normal unes were pooled, extracted with ethyl acetate and the extracts were processed and 
analysed by gas chromatogranhv- maEs cnertmmPtrlr IP Annnr=hoJ -L---A---- rol 
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Fig 4 Mass spectrum of the pentafluoroproplonyl (PFP) and hexafluorolsopropyl (HFIP) 
derlvatlve of mdolyl3-acetlc acid (WA) Appropriate HPLC eluates from normal urines 

were pooled, extracted with ethyl acetate and the extracts were processed and analysed by 
gas chromatography-mass spectrometry as described elsewhere [ 81 

of urme. A detection limit of ca. 1 pmol inJeCted on the column could be 

achieved 
The HPLC analyses of melanotlc urme provided quantitatively different 

pictures. Two dominant peaks, correspondmg to 5H6MI2C and 6H5MI2C, were 

present on the chromatograms of unhydrolysed urine samples together with 
a small peak of 5,6DMI2C (Fig 5A) After enzymlc hydrolysis, three other 
peaks, correspondmg to 5,6DHI, 5H6MI and 6H5M1, appeared on the chroma- 

tograms (Fig. 5B). The differences between hydrolysed and unhydrolysed urine 
samples are in agreement with our previous findings, showing that the mdoles 
wlthout a carboxyl group are excreted as conjugates [ 2-41 

5,6DHIZC was not present m a detectable amount m our extracts. Although 
this eumelamn precursor was shown to be present even m normal urme [lo, 
111, its mstablllty (1 e strong mchnatlon to oxidation and polymenzatlon) 
makes its quantlflcatlon unreliable. 

In general, mdolic compounds are known to exhibit natural fluorescent 
properties When excited at ca 300 nm, they emit fluorescent light usually 
in the range 330-430 nm, the precise wavelength dependmg on their structure 

The fluorescent properties of the eumelanin-related mdohc compounds seem to 
be mainly influenced by the presence or the absence of the carboxyl group 

Under expenmental condltlons, the three mdohc acids (5H6MI2C, 6H5MI2C 
and 5,6DMI2C) were characterized by excltatlon and emlsslon maxma around 
315 and 390 nm, respectively, whereas the mdoles wlthout the carboxyl group 
exhibited spectral maxima around 300 and 340 nm for the excitation and 
emission, respectively The approximate averages of the excltatlon and 

fluorescent maxuna of both groups have therefore been used m our study 
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Fig 5 Chromatogram of an extract from a 10X diluted urine of a melanoma patlent with 

hepatic metastases (A) without and (B) with enzymic hydrolysis of glucurono and sulpho 
conjugates For abbrevlatlons, see Figs 1 and 2 

In summary, the reversed-phase HPLC procedure makes It possible to 
separate SIX mdohc eumelanm-related substances (speclflc metabohtes of 
pigment cells). Spectrofluorlmetry provrdes a selective and sensltlve way to 

analyse these metabohtes, enabling the detection of the compounds m normal 
urine samples The HPLC method may fmd its apphcatlon m studies concerning 
melanm pigmentation and malignant melanoma 
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