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Identification of 5-Hydroxy-6-indolyl-0-sulfate in Urine of Patients 

with Malignant Melanoma* 

STANISLAV PAVEL, M.D., PH.D., RENZE BOVERHOF, AND BERT G. WOLTHERS, PH.D. 

Central Laboratory for Clinical Chemistry, University Hospital, Groningen, The N etherlands 

It has previously been shown that enzymatically hy

drolyzed urine of patients with malignant melanoma 

contains 5,6-dihydroxyindole (5,6DHI). In this study we 

describe the elucidation of the entire structure of uri

nary 5,6DHI-conjugate. Differential hydrolysis of mel

anotic urine revealed that, in contrast to {1-glucuroni

dase, sulfatase can liberate 5,6DHI from its conjugated 

forJD. 5,6DHI-sulfate was synthetized by reacting 

5,6DHI with sulfur trioxide trimethylamine complex. 

Thin-layer chromatography (TLC) documented its close 

similarity to the Thormahlen-positive compound usually 

entitled "C." Gas chromatographic-mass spectrometric 

(GC-MS) analysis of methylated and subsequently hy

drolyzed synthetic 5,6DHI-sulfate showed that the syn

thetic product consisted of a mixture of 5-hydroxy-6-

indolyl-0-sulfate and 6-hydroxy-5-indolyl-0-sulfate 

(with a certain amount of 5,6DHI-disulfate). 5,6DHI

sulfate was purified with use of DEAE-cellulose column 

chromatography from melanotic urine. Methylation of 

this conjugate with deuterated dimethylsulfate and sub

sequent GC-MS analysis of the hydrolyzed product pro

vided evidence that 5,6DHI from melanotic urine was 

almost exclusively sulfated in position 6. It was con

cluded (1) that 5,6DHI is excreted as a 6 -0-sulfate, and 

(2) that this compound is consistent with Thormahlen

positive compound "C." 

The formatio n of pigment melanin belongs to the character

istic features of melanocytes. It is generally known that the 

process of melanogenesis involves the enzymatic hydroxylation 

of tyrosine to 3,4-dihydroxyphenylalanine (dopa) which is t hen 

converted to indolic metabolites (eumelanin precursors) with a 

high abili ty to polymerize. 
5,6DHI is known to play a rather important role in melano

genes is, being conside red as a basic monomer unit in melanin 

polymer. Our recent GC-MS analyses showed that urine from 

patients with malignant melanoma contained 5,6DHI [1]. To 

better understand the metabolism of eumelanin precursors, we 

turned our attention to the elucidation of the entire structure 

of the urinary 5,6DHI-conjugate. 
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Abbreviations: 

5,tiDHI: 5,6-dihydroxyindole 
OMS: dimethylsulfate 
dopa: 3,4 -dihydroxyphenyla la nine 
dopa mine: 3,4 -dihydroxyphenylethylami ne 
GC-MS: gas chromatography-mass spectrometry 
PFPA: pentafluoropropionic anhydride 
TLC: thin -laye r chromatography 

MATERIALS AND METHODS 

Chemicals 

3,4-Dihyd roxyphenylethylamine (dopamine) and a rylsulfatase [E.C. 

3.1.6. 1.] (from Aerobacteraerogenes, activi ty 18.5 U/ ml) were purchased 

from S1gma Chemical Co. , St. Louis, Missouri; pentafluoropropionic 

anhyd ride (PFPA) was from Pierce Chemical Co., Rockford, Illinois; 

/)-glucuronidase [E.C. 3.2.1.3 1.] (from E~cherichia coli, activi ty 200 U/ 

ml), was from ~oehrmge~, Mannheun ,_ F .R.G.; Hel1x pamatia juice (/1-

glucuronidase activity 10 F1shman units/ ml , a rylsulfa tase act1vity 10" 

~mts [Royjjml) was from l' lndustr ie Biologique Fran~aise, Gennevil 

liers, France; OEAE-ce llulose was obta ined from Fluka AG Buchs 

Switzerland; and sulfur t rioxide t rimethylamine complex from Aldrich~ 

Europe! Beerse, Be l giun~ . Affi -Gel 601 (boronate gel) was purchased 

from 810-Rad Laboraton es, R1chmond, Ca li fo rnia . Allot her chemica l 

were from Merck, Oarmst.adt, F.R.G. 

Enzymatic Hydrolysis of Melanotic Urine 

Twenty millili te rs of melanotic urine was divided into 8 tubes. Each 

hydrolys is was performed in dup licate. To 2.5 ml of urine 0.5 ml of 2.5 

mol/ liter sodi~m acetate buffer (pH 6.2) was added (tubes 1- 4, 7, 8). 

In case of sulfatase hydrolys•s (tubes 5, B), the aceta te buffer of t.he 

same concentrat ion but with pH 7. 1 was used. The urine samples were 

hydrolyzed with 50 11 l of #-glucuronidase (tubes 1, 2) , 50 11 1 of Hehx 

po!notw juice (tubes 3, 4 ), and 50 11! of a rylsul fatase (Lubes 5, 6). The 

unne samp.Ies wi thout enzyme served as a control (tubes 7, 8). The 

contents of each tube were shortly bubbled with ni trogen, the tubes 

t1ght ly closed and placed in a shaking wate r-bath a t 37"C for 120 min . 

Extraction 

The samples were extracted with 2 X 4 ml of diethyl ether, pooled 

extracts dned over an hydrous sodium sulfate, a nd evaporated to dry

ness at 40"C under a stream of nitrogen. 

Deriuatization 

Dry samples were derivatized by adding 150 11 ! of PFPA and heatin cr 

at. 60"C for lO min . The rema ining PFPA was then evaporated a nd u,; 
res1due dissolved in freshly prepa red .5% solu t ion of PFPA (v/ v) in 

ethyl acetate. 

Sy nthesis of 5,6D H /-Sulfate 

5 ,6~H l was_prepared from dopamine as described e lsewhere [2]. 

~bout 30 mg of fresh ly prepared 5,60HI was d1ssolved in dry pyridine 

(300 1d), and solid sulfur t.n ox1de tnmethylamine complex (200 mg) 

was added. The mixture was t.hen allowed to st.ay at room temperature 

overnight. The reaction product was dissolved in 5 ml of wate r, cenJ ri 

!uged, and the supernatant passed through a 0.8 x 5 em Affi -Gel 60! 

column to remove unreacted 5,6DHI. The presence of 5,60Hl-sul fate 

111 water eluate was checked by Thormiihlen reac1ion. T he fractions 

conta ining Thormiihlen-po itive substances were pooled a nd applied 

to a 0.8 X 5 em column of Amberlne GC. The elution was car ried ou1 

with wate r and the presence of Thormiihlen-positive compounds was 

tested aga in by Thormiihlen reaction. Positive fractions were pooled 

and freeze-dn ed. The res1due was then dissolved in 2 ml of water and 

examined by TLC. 

Methylation of the Synthetic Product 

One hundred microliters of the above-mentioned solution were mixed 

with 1 ml of' 4% NaO H, and 100 pi of' dimet hylsu lfa le (O MS) were 

added in several portions under thorough mixing. The unreacted OMS 

was t:hen removed by extraction with 2 X 4 ml of diet.hyl ether. The 

co ntents of the tube were mixed with 0.5 ml of 2.5 mol / li ter sodium 

acetate buffer (pH 6.2) and 100 1d of Helix pomatia juice. Hydrolysis, 
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extrnction, and de rivat ization we re performed as desc ribed above. The R1 
s•nnple was then analyzed by GC and GC-MS. 1.0--,------------------------, 

J>artiallsulat.ion of the Th ormilhlen-Pos it.iue Compound "C " from 
M clru!tJLic II ri nc 

Melanotic urine with a high content of Thorm i:i hlen-posit ive com
pound~ was used. Ten milliliters of urine was applied Loa I X 50 em 
column with DEAE-re l\ulose. The column was washed wtth 100 ml of 
water and the T honn ii hlen-positivc substances e\u t.ed by applying a 
co ntinuous nonlinear gradi ent of umrnonium aceta te (solut ion I- :100 
ml , 0.4 mol/ li te r: solution 11 - :300 ml , 0.8 mol/ liter; fl ow 0. 2 ml / min ). 
The co nt ent of Thorm iih\en-posit ive compounds in !1-m\ fractions was 
exam ined u ~ in g Thormah\en reaction and TLC. The fractions conta in 
ing co mpound "C" (No 42- 4!1) were pooled and freeze-dried. The residue 
was dissolved in I ml of water and used for struct.ural studtes. 

Meth vla.tion and J-i vdmlvsis of the f'art.ially /.,alated '1'/w rmiihlen
l'osit ;·ve Compound ''C'". 

0 .8-

0 .6-

0 . ~ -

0.2 -

or-
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IJ - J6 

• 

-
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The met hvlation and hydrolys is were performed as desc ribed above 
for t he synt-hetic fi,fi DH !·-sul fate. Deute rium-labeled dimethylsulfate 
(I)MS-d") wa~ used for methylat ion in this case. 0,5 

Th ormohlen Reaction 

One mil lili ter of ~am pl e wa~ mi xed with 250 1d of freshly prepared 
1 · ·~ sod ium nilroprusside and !100 11 \ of 10% KOH . After about. 2 min , 
the solu tion was acidified with 50 11 \ of co ncentrated acetic ac id. If 
necessa ry, smaller parts we re used in the same ratios. Absorbance was 
meas ure<i at fi:W nm . 

'f'LC 

T LC was ca rried t.l ul on ce llulose plates {P C- F'ert ig-plat.ten Cellu 
lose, 20 X :20 em, laye r t hi ckness 0.5 mm; Merck, Darmstadt, F.R.G.) 
in a solvent system conta ining n-but anol:pyridine:water (1 :1: 1). The 
spots were made vi l'< ible by Thormiihlen 131 and Ehrlich [4] reaction . 

( ;('and (,'C- M::> 

(;C and CC- MS were performed as desc ribed elsewhere jfi ]. 

RESULTS AND DISCUSSION 

Differentia l hydrolys is of urine samples from melanoma pa
t ients (see Materials and M ethods ) revealed t hat 5,6DHI cou ld 
be libe rated from the conjugated form on ly when sa mples were 
t reated wi t h sulfatase or Helix pornatia juice (containing a lso 
sulfatase activity). Th is finding led us to a n assumption that 
5,6DHI was prese nt as a sulfa te in melanotic urine. 

It is ge nera lly believed that a ll so-called Thormiih len-positive 
compounds detected in mela notic urine are conjugates of mel
a nin -re la ted indoles with glucuronate or sulfate [6,7) . Leon
ha rdi was the first to separate 3 Thonniihlen -posit ive com
pounds from melanotic urine us ing paper chromatography, and 
he labeled them "A", "B," and "C." The structures of t he 
substances "A" a nd " B" have recent ly been resolved [5,9). 

When t he 5 ,6DH I-sulfate was synthet ically prepared, TLC 
showed this compound to be very simila r to Thormiihlen
pos it ive compound "C." The methylation of the synthet ic 
5,6DHI-sulfa te with subsequent hydrolysis documented that 
the synt hetic product comprised 5-0 - and 6-0-sulfated 5,6DHI 
probably with a certa in amount of 5,6DHI-di sulfa te. In our 
hands, t he disulfa te appeared to be unstable, formin g monosul 
fates spontaneously. 

F or pa rtia l isolation of Thormiihlen-pos itive substance "C" 
from melanotic urin e, DEAE-ce llul ose chromatography was 
employed . The base line separat ion of a ll 3 main urin ary Thor
miihl en -pos itive substances is illustra ted in Fig 1 (lower). TLC 
provided t he possibili ty of labe ling the co mpounds as "A," " B," 
a nd "C" according to their chromatographic mobility a nd co lor 
reactions (F i ~ l , upper) . GC- M S a nalys is showed that t he 
fractions conta ining compound "C" a fforded free 5,6DHI when 
subjected to sulfatase hydrolys is (Fig 2, upper ). 

T o eluc idate t he exact pos ition of the linked sulfate, the 
part ly iso lated co mpound "C" was methylated. Because of 
possibl e sma ll co ntamin a tion of samples by t races of 5- hydroxy -

I 0 20 JO ~ 0 so 60 FA . 

FtG 1. Chromatography of Thormiih len-posit.ive compou nds from 
melanotic urine. Upper, A diagra m of TLC of elu ted fractions conta in
ing- Thormahlen-positive compounds "A" (No 13- 16), "B" (No 28- 31 ), 
and "C" {No 42- 45). F'or comparison, an un t reated urine { U) and 
synthetica lly prepared 5,6DH !-su lfate {S ) applied as well. Detect ion: 
T hormahlen reaction [:3]. Lower, An elution profile of T horm iihlen
positive substances from melanotic urine after DEAE-cellulose column 
chromatograp hy. The arrow indicates the position of fract ions wi t h 
.~,6 DH !-sulfate. 

6- methoxy a nd/o r 6-hydroxy-5-methoxyindole from compound 
" B" [5], t he deuterated dimethylsulfate was used fo r methyla
t ion. The GC and GC-MS analyses of the methylated a nd 
subsequently hydrolyzed substance "C" brought the ev idence 
t hat only the 5-0 - position of 5,6DHI was available for meth 
ylation . It was therefore concluded that t he 6-0- position was 
protected by linked su lfate. A mass spectrum of t he PFP 
derivative of 6- hydroxy-5-trideute romethoxyindole is shown in 
Fig 2 (lower). The whole a na lytica l procedure is di agra matically 
summarized in Fig 3. 

It is well known t hat co njugation wi t h sulfate plays an 
important part in catecholamine meta bolism. Our results show 
that sulfation is a lso a very important method for biot ra nsfor 
mation of melanin precurso rs exc reted in higher amounts in 
urine of melanoma patients. Al t hough it has been desc ribed 
that methoxyhydroxyindoles are conjugated with both glucu 
ronate and sulfate [5,9], the prese nt work indicates that t he 
5,6DHI is a lmost exclus ively sulfated. As documented above, 
t his sulfa t ion takes place at the 6-0 - pos it ion. Interestingly, 6-
hydroxy -5- methoxyindole is preferably sulfated [5] while iso
meri c 5-hydroxy-6- methoxyindole is known to be predomi 
nantly glucuronated [9]. In a ny event, t he co njugation of 
5,6DHI a nd its 0 -methylated derivatives represents in a ll cases 
an effi cient method to fac ilitate t he e limination of these rela
tively apolar co mpounds from organisms. 

We suggest t hat t he known phenomenon of genera lized (dif
fu se) mela nos is secondary to mali gnant melanoma may result 
from t he extreme production of indolic eumela nin-re lated com 
pounds by melanotic tumor and reduced conjugation capacity 
caused by tumor infiltration of the liver. Such a situation may 
lead to the accumulation o f the unconjugated indolic com 
pounds in t he body, with their diffusion into many organs 
including skin , a nd subsequent polymerization. 
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F IG 2. Mass spectra of indolic deriv 
a tives. Upper, The mass spectrum of the 
P FP derivative of 5,6DHI from fraction s 
N o 42- 45. The pooled frac tions were hy
dro lyzed with a rylsulfatase, compounds 
extr ac ted in to ethyl ace tate, deriva
t ized and ana lyzed by GC- MS; m/z 
587 = molecula r ion [M]"'", m/z 440 = 
[M - PFPt. Lower, The mass spectrum 
o f t he PFP derivat ive of 6- hydroxy-5-
t rideute romethoxyindole obtained by 
m e thylation and subsequent hydrolysis 
o f t he urinary 5,6DHI-sulfate (see Ma 
te rials and Methods); m/ z 458 = [MJ+, 
m /z 311 = [M -PFPJ +. 
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FIG 3. A summarizing sc heme of ana lytical procedures used for 
reso lving of the structure of the urinary 5,6DHI -sulfate. The indoles 
we r e identified on the bas is of their retention time and mass spectra . 
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