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Abstract-Catechols may interfere in melanogenesis by causing increased levels of toxic quinones. 
Several catechols and known inhibitors of the enzyme catechol-0-methyltransferase (COMT) were 
therefore tested for their toxicity towards a pigmented melanoma cell line, UCLA-SO-(M14). The 
inhibition of thymidine incorporation as a result of exposure to the compounds was measured. All 
agents were compared to 4-hydroxyanisole (4HA), a depigmenting agent extensively studied as an 
antimelanoma drug. The compounds were also tested on the epithelial cell line, CNCM-I-(221) in the 
presence and absence of tyrosinase. All the compounds were more effective than 4HA towards the 
M14-cells at either 10m4M or 10m5M. The toxicity of 4HA towards the 221-cells was shown to be 
completely dependent on the presence of tyrosinase. Effects of the test agents on the 221-cells were 
also observed in the absence of tyrosinase. Although some of them were shown to be good substrates 
for tyrosinase only small changes in toxicity were observed as a result of the presence of the enzyme 
in comparison with 4HA. No direct correlation of the toxicity of the agents and COMT inhibition was 
observed. The possible mode of action of the compounds through inhibition of COMT and interference 
in melanogenesis is discussed together with other possibilities and factors involved. 
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Melanogenesis is a process specific for melanocytes 
and melanoma cells resulting in the formation of the 
pigment melanin inside a specialized compartment, 
the melanosome. Melanin is a polymer which 
contains a high proportion of 5,6-dihydroxyindole- 
2-carboxylic acid and its derivatives. The initial step 
in the formation of the indolic precursors of melanin 
is the oxidation of the amino acid L-tyrosine by the 
enzyme tyrosinase. Several intermediates of melanin 
metabolism have been shown to be potentially 
cytotoxic [l-3] by virtue of the formation of reactive 
quinone intermediate products (dopaquinone), 
indolequinone and indole-2-carboxylic acid-5,6- 
quinone (see Fig. 1). The possibility of amplifying 
the generation of toxic intermediates by making use 
of tyrosine analogues has long been viewed as a 
rational approach for melanoma chemotherapy [see 
Refs. 4,5 for reviews]. 

One of the natural protective mechanisms that 
prevents the accumulation of the indole quinones is 
the 0-methylation of 5,ddihydroxyindole and 5,6- 
dihydroxyindole-2-carboxylic acid (Fig. 1). This O- 
methylation may play a significant role in the 

$ Corresponding author. Tel. (71) 263031; FAX (71) 
248206. 

1 Abbreviations: COMT, catechol-0-methyltransferase; 
4HA, 4-hydroxyanisole; L-dopa, L-3,4_dihydroxyphenyl- 
alanine; PBS, phosphate-buffered saline; LDH, lactate 
dehydrogenase; GDH, glutamate dehydrogenase; 3-OMD, 
3-0-methyldopa. 

detoxification of melanin precursors after leakage 
from the melanosomes since the 0-methylated 
indoles comprise a large part of the melanogenic 
indoles that can be detected in urine and are also 
detected in the culture medium of melanoma 
cell cultures [6,7]. The 0-methylation of 5,6- 
dihydroxyindole and 5,6-dihydroxyindole-2-carb- 
oxylic acid is catalysed by the enzyme catechol-O- 
methyltransferase (COMT,! EC 2.1.1.6) which has 
been shown to be present in melanocyte and 
melanoma cell extracts [8]. Inhibition of COMT 
could be an alternative approach to increasing 
the concentration of the intracellular quinone 
intermediates as a tool for melanoma destruction. 

In a preliminary study we therefore tested the 
cytotoxic properties of known or potential COMT 
inhibitors such as Ro-41-0960: 3,4-dihydroxy-5- 
nitrophenyl-2-fluorophenyl ketone [9]; OR-462: 3- 
(3,4-dihydroxy)-5- nitrobenzylidene_2,4_pentane- 
dione; OR-486: 3,5-dinitropyrocatechol [lo]; tro- 
polone; pyrogallol [ll]; 3,4-dihydroxycinnamic acid; 
norepinephrine; 2,3_dihydroxynaphthalene; quer- 
cetin: myricetin; L-3,4_dihydroxyphenylalanine; and 
3,4_dihydroxytryptamine. The effect of each of 
these agents was compared with that of the tyrosine 
analogue 4HA (4-methoxyphenol), a compound 
extensively studied as an antimelanoma agent [12]. 
The compounds were tested for the ability to inhibit 
[3H]-thymidine incorporation in human epithelial 
cells and melanoma cells. They were also screened 
for their capacity to inhibit COMT enzyme activity 
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COMT as a target for melanoma destruction? 745 

and tested as potential substrates for tyrosinase by 
combined measurement of OS-uptake and scanning 
spectrophotometry. Our results indicate that COMT 
inhibition can be considered a realistic potential 
target for melanoma chemotherapy. 

MATERIALS AND METHODS 

Cell cultures. UCLA-SO-Ml4 melanoma cells [ 131 
were cultured at 37” in a humidified 5% CO2 
atmosphere in Dulbecco’s modified Eagle’s medium 
containing 2 mM L-glutamine, 10% FBS, 0.12% 
NaHC03, 1000 U/mL penicillin and 1000 pg/mL 
streptomycin. 

CNCM-I-221 epithelial cells were routinely 
propagated at 37” under 2% CO2 in minimal essential 
medium with Earle’s salts (Imperial Labs Ltd, 
Andover, U.K.) containing 0.03% NaHC03 and 
FBS, glutamine, penicillin and streptomycin as 
above. Normal human melanocytes were isolated as 
previously described [14] and cultured in Ham’s F- 
10 medium containing 16 nM 120tetradecanoyl 
phorbol 13-acetate, 0.1 mM isobutylmethylxanthine 
and 1% Ultroser-G. 

Compounds. The chemical structures of 13 
compounds tested are shown in Fig. 2. Compound 
1, 4HA was purchased from Koch-Light (Haverhill, 
U.K.) and recrystallized prior to use. Compound 
2, Ro-41-0960, was obtained from Research 
Biochemicals Inc. (Natick, MA, U.S.A.). Com- 
pounds 3 and 4, OR-462 and OR-486, were a kind 
gift of Dr I. Ulmanen, Orion Pharmaceutics, Espoo, 
Finland. Compounds 5, 6, 7 and 9, tropolone, 
pyrogallol, 3,4_dihydroxycinnamic acid and 2,3- 
dihydroxynaphthalene, were from Aldrich, 
Steinheim, Germany. Compound 8, L-nore- 
pinephrine, was from Serva, Heidelberg, Germany. 
Quercetin (10) and L-3,4_dihydroxyphenylalanine 
(L-dopa, 12) werefromMerck, Darmstadt, Germany. 
Compound 11, myricetin, was from Fluka, Buchs, 
Switzerland and Compound 13, 3 ,Cdihy- 
droxytryptamine, was from the Sigma Chemical Co., 
St Louis, MO, U.S.A. 

Cytotoxicity tests. The compounds were tested as 
described previously [15]. The cells were harvested 
by trypsinization and resuspended at 5 X lo4 cells/ 
well. One mililitre was inoculated in each of the 
central eight wells of a 24-well dish with the outer 
wells filled with 1 mL serum-free medium to prevent 
dehydration. After 48 hr the cells were washed with 
PBS and subsequently exposed to the agents in PBS 
at 10m4 M and 1O-5 M, for 30 min at 37”. The cells 
were incubated with the agents in four wells for each 
concentration and in case of the CNCM-l-221 cells 
the agents were applied in the absence as well as in 
the presence of (343 U) mushroom tyrosinase 
(Sigma) (16 wells/test agent). Effects of the 
compounds were compared to control cultures 
incubated without and with tyrosinase in PBS, 
respectively. At the chosen tyrosinase concentration 
phenolic compounds like 4HA are fully oxidized 
[15]. The tyrosinase-containing MlCmelanoma cells 
were incubated in quadruplicate wells in the absence 
of tyrosinase only, with the compounds at both 
concentrations (8 wells/test agent). At the end of 
the exposure the cells were washed twice with PBS 

followed by a 30 min incubation with growth medium 
containing 1 &i [methyl-3H]thymidine; radioactive 
concentration 37 MBq/mL (Amersham Intl plc, 
Amersham, U.K.). Cells were then washed 5~ with 
PBS, extracted with 1 mL cold 5% trichloroacetic 
acid, washed 2~ with PBS and dried under a stream 
of hot air. The cells were digested overnight in 
250 PL 1 N NaOH at 37” and 100 PL aliquots were 
transferred to 4 mL Ecoscint A and counted in a 
Beckman scintillation counter. 

COMT was measured as previously described with 
M14-melanoma crude cell extracts as the source of 
the enzyme [8]. All compounds were tested for 
COMT-inhibitory action in the assay at 10e4 and 
10m5 M. After 1 hr of incubation the reaction was 
stopped with 0.4M perchloric acid. Protein was 
removed by centrifugation in an Eppendorf centrifuge 
and 2OpL supernatant was analysed by HPLC 
separation. The substrate (5,6-dihydroxyindole-2- 
carboxylic acid) and the product peaks (5-hydroxy- 
6-methoxyindole-2-carboxylic acid and 6-hydroxy-5- 
methoxyindole-2-carboxylic acid) were detected with 
a Spectrovision fluorimetric detector with emission 
and exitation wavelengths set at 315 and 360 nm, 
respectively. 

Testing of compounds as substrates for tyrosinase. 
The compounds were tested as substrates for 
tyrosinase in order to investigate whether a possible 
cytotoxic effect of the agent could be ascribed to the 
formation of quinone products of the different 
catechols used. Compounds were tested at 500pM 
in PBS and the effect of tyrosinase (343 U/mL) was 
studied by scanning spectrometry using a Hewlett 
Packard, UV-Visible Diode-Array, spectro- 
photometer which measured the spectral range from 
190 to 600 nm with a scanning cycle time of 30 sec. 
Simultaneously, 02-uptake from the incubation 
mixture was measured with a Clark-type electrode 
(Yellow Springs Co.). 

Density gradient fractionation of melanocytes. 
Cultured human melanocytes were harvested and 
fractionated on a Nycodenz gradient as previously 
described [16]. Marker enzymes for the cytosol 
(lactate dehydrogenase), melanosomes (tyrosinase) 
and mitochondria (glutamate dehydrogenase) were 
measured in the gradient fractions [16] and compared 
to the localization of COMT. 

RESULTS 

The cytotoxicity of the compounds was tested and 
compared to 4HA as the reference compound. In 
Fig. 3 the relative toxicity of the compounds towards 
the M14-melanoma cells is illustrated by the 
percentage of inhibition of thymidine incorporation. 
At 10d4 M final concentration a 24% inhibition was 
obtained with 4HA. At this concentration, nine of 
the test compounds showed higher inhibition of 
thymidine incorporation. At the lower drug 
concentration (10e5 M) 10 of the 12 compounds were 
more effective than 4HA. No inhibition of thymidine 
incorporation was found after exposure of cells to 
Ro-410960 and OR-462 at 1O-5 M (2.0% and 0.7% 
increase, respectively was found in comparison to 
the controls). Compounds 4, 5 and 12 (OR-486, 
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Fig. 2. Structural formulae of 4HA and the 12 test compounds. 
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Fig, 3. Inhibition of thymidine incorporation of M14- 
melanoma cells as a result of exposure to the compounds 
at 10e4 M (69) and low5 M (0) as described in Materials 

and Methods. 

tropolone and L-dopa, respectively) were apparently 
equally effective at 10m4 M and 10V5 M. 

The toxicity of the catechols was also tested on 
the epitheliaf CNCM-I-221 cells in the presence and 

absence of tyrosinase and compared with 4HA (see 
Table 1, columns 2 and 3 for the compounds at 
10m4 M without (-) and with (+) tyrosinase, 
respectively). In contrast to the M14-cells, the 221- 
cells showed higher values of thymidine incorporation 
after incubation with 4HA at low4 M in the absence 
of tyrosinase (+ 18%). In the presence of tyrosinase 
a decrease of >99% was found as compared to the 
controls. The compounds 2 to 13 all exhibited 
reduced values of thymidine incorporation in 
~ompa~son to the increase obtained with 4HA at 
10m4 M in the absence of tyrosinase (column 2). For 
the Ml4 cells this was also the case for most of the 
compounds (9112) with only compound 4 showing 
less inhibition of thymidine incorporation than 4HA 
at this concentration. With the 221-cells the 
compounds 6, 9, 12 and 13 showed no inhibitory 
effect in the thymidine incorporation assay at 10e4 M. 
The compounds 2,3,4,5,7 and 8 exhibited moderate 
direct inhibitory effects (inhibition > 12.8 and 
<2&g%) in the absence of tyrosinase and the 
compounds quercetin (10) and especially myricetin 
(11) showed relatively strong tyrosinase-independent 
toxicity towards the 221-cells with 49.8 and 95.3% 
inhibition, respectively. In the presence of tyrosinase 
(column 3) none of the compounds showed the 
complete inhibition of thymidine incorporation 
observed for 4HA, For compounds 2, 5,6, 7, 9 and 
12 the relative toxicities increased in the presence 
of tyrosinase. For the compounds 6, 9 and 12 this 
toxicity was only found in the presence of tyrosinase. 
In some cases, however, tyrosinase seemed to protect 
the cells since a reduction of the inhibitory effects 
of the compounds (3, 4, 8 and 10) was observed, 

4-hydroxyanisole 

Ro-410960 

OR-462 

OR-486 

Tropolone 

Pyrogallol 

DHCinnamic Acid 

Norepinephrine 

DHNaphtaiene 

Ouercetin 

Myricelin 

L-DOPA 

Table 1. Inhibition of thymidine inco~oration in CNCM-I-221 cells in the presence and absence of tyrosinase 

CNCM-I-221 cells 

% Inhibition [“Hjthymidine incorporation +/- (SD)” 

1O-4 M 1O”5 M 

Compounds? - 
Tyrosinase 

+ - + 

(1) 4-hydroxyanisole - 18.0 99.7 -5.7 (3.1) 
(2) Ro-41-0960 15.5 23.6 

8:;;) 
-1.9 

s:;j ::-: 
(5.2) 

(3) OR-462 19.5 -0.3 (8.0) 12.5 (2.5) 1:4 (4) OR-486 28.8 I:.!; 10.2 33.3 (4.2) 14.8 I:,:{ 
(5) Tropolone 12.8 (56) 17.6 

i::;j 
21.1 (3.4) 5.7 (4:o) 

(6) Pyrogallol -0.1 18.8 -8.7 

(7) DHCinnamic acid 14.4 

ii::; 

18.4 

15:s 

11.6 

[;J 

(66) 

;.:, (7.4) 

(8) Norepinephrine 27.6 (5.7) 10.8 (4.8) 35.9 1::: 
(i:‘.J 

(9) DHNaphthalene -1.8 21.8 19.0 (8.4) 
(10) Quercetin 49.8 (;E; 42.6 

i;::j 
31.0 (7.3) 22.7 

(11) Myricetin 
I$ 

95.3 (0.5) 92.6 18.4 (4.2) 24.3 
(12) r.-dopa -5.9 (3.7) 13.4 ii:;; 10.3 (4.5) 11.0 
(13) DHTryptamine 

:z; 
-9.3 (1.9) -7.7 (3.1) -16.9 (4.5) -4.7 (4:l) 

* All values are related to controls (100%) without (-) and with (+) tyrosinase. Standard deviations (%) 
(SD in brackets) were estimated from the measurements (cpm) in four different wells (see Materials and 
Methods section). 

t Structural formulae of the compounds are shown in Fig. 2. 
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Table 2. Relative toxicity of the compounds towards UCLA-SO-Ml4 and inhibition of COMT 
activity from MlQ-cell extract 

compounds 
Relative toxicity* % Inhibition COMT? 

1O-J M 10’lM lo+ M 

(1) 4-hydroxyanisole 
(2) Ro-41-0960 
(3) OR-462 
(4) OR-486 
(5) Tropolone 
(6) Pyrogallol 
(7) DHCinnamic acid 
(8) Norepinephrine 
(9) DHNaphthalene 

(10) Quercetin 
(11) Myricetin 
(12) r_-dopa 
(13) DHTryptamine 

1.00 
0.95 
1.48 
0.22 
1.67 
1.88 
0.98 
1.04 
2.14 
3.09 
3.93 
1.30 
1.55 

0 
loo 

92.7 (O.(l) 62.9 (3.6) 
100 (0.0) 93.8 (0.4) 
17.4 (1.8) (8.4) 
41.4 (2.5) 7!l6 (5.8) 
64.4 (3.6) 0 
11.3 (3.6) 
43.3 (5.1) 4:4 (1.1) 
29.3 (5.6) 0 
16.4 (3.3) 0 
0 (8.4) 0 
0 (9.4) 0 

* All activities are compared to 4HA (24% inhibition of thymidine incorporation => relative 
toxicity = 1.00) 

5- The range of duplicate measurements of COMT activity is given in brackets and is related 
to the 100% control values. 

Table 3. Testing of the compounds as tyrctsinase substrates 

Optimal changes in O,-uptake 
Absorbance” nmol/min 

Wavelength y (nm) +/- (rangeft Tyrosinase 
Compounds Decrease Increase substrate 

_- 
(1) 4-hydroxyanisole - 260/420 34.x (2.7) yes 
(2) Ro-41-0960 - - 0.3 (0.3) no 
(3) OR-462 - - 1.2 no 
(4) OR-486 - - 0.9 ii::; no 
(5) Tropolone - 0.0 (0.0) no 
(6) Pyrogallol 326 4114 427.0 
(7) DHCinnamic acid 288/3 14 

(29.9) 
248/404 

yes 
182.2 (14.1) yes 

(8) Norepinephrine - 3061482 29.1 yes 

(9) DHNaphthalene - - 0.8 ii::; II0 

( 10) Quercetin - - 0.9 (0.7) no 
(ii) Mpricetin - 

306/474 
3.7 ( 1 .I)) no 

(12) t-dopa - Xl.6 (4. lf yes 
( 13) DHTryptamine - 322 28.8 (0.5) possible 

* Results of scanning spectrometry of the compounds in the presence of tyrosinase. 
t O,-uptake was performed in duplicate and the range of measurements is given in brackets. 

At the lower concentration (lO’“s M, columns 4 and at 10. ‘M (Fig. 3) are all expressed as relative 
5) the tyrosinase dependency is once again mast toxicities with the 24% inhibition of the MlCcells 
obvious for 4HA. Also for compounds 2 and 6 the as the reference value (relative toxicity = 1.00). The 
inhibition of thymidine incorporation was clearly values for COMT inhibition in the M14-cell 
higher in the presence of tyrosinase. Increased extract with the compounds at 10”” and 10e5 M 
thymidine incorporation in the presence of tyrosinase concentrations do not show a direct correlation with 
as observed for compounds 3, 4, 8 and 10 at 10-j M their respective cytotoxicities. The possible tyrosinase 
was found at 10e5 M for these compounds as well. dependence of the toxicity of the compounds was 
At this concentration a positive effect of tyrosinase examined by spectrophotometric scanning of the 
was obtained also for compounds 5, 7, 9 and 10. In compounds in the presence of excess tyrosinase and 
Table 2 the toxicities as obtained with the M14-cells by measuring the 02-uptake simultaneously (see 
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Subcellular fractionation of 
melanocytes on a Nycodenz gradient 

Table 3). The tyrosinase catalysed oxidation of 4HA 
results in a typical shift in the spectrum with 
increased absorbance at 260 nm and 420 nm of the 
corresponding quinone product. For compounds 6, 
7, 8, 9, 12 and 13 changes in the spectra were 
observed as a result of tyrosinase activity that could 
be indicative for formation of the oxidation products. 
The 02-uptake measurements confirmed the oxi- 
dation of these compounds. For compound 11 
minimal 02-uptake was measured with no detectable 
change in the absorption spectrum. 
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In Fig. 4 the distribution of enzyme activities is 
illustrated for LDH, COMT, tyrosinase and GDH, 
with the cytosolic LDH in fractions 18 to 20 
representing the top fractions of the gradient. It is 
obvious that COMT is also present as a soluble 
enzyme in the cytosol (fractions 18 to 20) of 
melanocytes. A substantial part of the activity is 
found lower in the gradient, mainly in fractions 14 
to 17, and is therefore considered to be due to 
the membrane-bound form of the enzyme. The 
melanosomal enzyme tyrosinase showed a broad 
peak with optimal activity in the fractions 15 and 
16. The mitochondria formed a visible narrow band 
in the centrifuge tube which was confirmed by the 
concentration of the mitochondrial GDH activity in 
fractions 11 and 12. 

35- 
30 - Lactate dehydrogenase 

25 - 

20 - 

15 - 

lo- 

5- 

20 ’ ’ ’ ’ ’ ’ 
Catechol-0-methyltransferase 

15 - 

to - 

8 
% 
0 5- 
6 
.5 

3 20-I ’ ’ ’ ’ 

e I Tyrosinase 

15 - 

DISCUSSION 
lo- 

The results of the estimation of the relative 
toxicities of the catecholic compounds and p- 
methoxyphenol (4HA) towards the Ml4 melanoma 
and the 221-epithelial cell lines indicate a higher 
sensitivity of the former for these agents. Further- 
more, the toxicity of 4HA towards the 221-cells is 
fully ascribable to tyrosinase action and was almost 
complete at 10m4 M concentration. The effects of the 
catechols on thymidine incorporation of the 221- 
cells as expressed by their relative toxicities were 
much lower for most of the compounds compared 
to the toxicity of 4HA in the presence of tyrosinase. 
Except for the two flavonoids, quercetin and 
myricetin (10 and ll), which both exhibited high 
toxicity in the presence and absence of tyrosinase, 
all other catechols showed absent or only moderate 
inhibition of thymidine incorporation in comparison 
to 4HA + tyrosinase. Although 7 of the 12 catechols 
were found to be possible substrates for tyrosinase, 
only in case of pyrogallol(6) was increased inhibition 
of thymidine incorporation observed in the presence 
of tyrosinase at both concentrations. In most cases, 
addition of tyrosinase was slightly beneficial or had 
no effect. Possibly the presence of the tyrosinase 
protein in the incubation mixture serves as a 
scavenger for (auto)oxidative products. Thirty 
substituted phenols including 4HA were previously 
described as exhibiting cytotoxicity towards the 
epithelial CNCM-I-221-cells in the presence of 
tyrosinase due to the formation of the quinone 
products [15]. In a subsequent study, cytotoxicity of 
selected phenols towards melanoma cell lines was 
found, some of which may be mediated by 
intracellular tyrosinase activity [17]. The selectivity 
of phenol derivatives like 4HA and others for 
(malignant) melanocvtes has been the tooic of 

1 Glutamate dehvdrogenase . - 
40 - 

30 - 

20 - 

10 - 

0 2 4 6 8 IO 12 14 16 18 20 

Fraction number 

Fig. 4. Distribution of enzyme activities after subcellular 
fractionation of melanocytes on a Nycodenz gradient 
(fraction 20 located on top of the gradient). Lactate 
dehydrogenase is used as marker enzyme for the cytosol, 
tyrosinase for melanosomes and glutamate dehydrogenase 

for mitochondria. 

discussion ever since these compounds were studied 
in relation to melanoma therapy [12, l&20]. A 
correlation between tyrosinase levels and ICY values 
in 15 melanoma lines was described for (p-hy- 
droxyphenyl)ornithine but not for 3,4-dihydroxy- 
benzylamine [20]. This dihydroxy compound was 
shown to be equally potent but less selective for 

” I 2 L melanoma tumour cells than two other mono p- 
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hydroxyphenyl derivatives and L-dopa methyl ester. 
Although it was shown to be a substrate for tyrosinase 
a different mechanism for 3,4_dihydroxybenzylamine 
was suggested in this study [20]. In this regard it 
should be noted that in case of the melanin precursor 
L-dopa and its derivative, the L-dopa methyl ester, 
inhibition of growth of non-melanoma tumours was 
observed. The degree of inhibition in non- 
melanocytic cells was always less than that observed 
for tyrosinase positive cells [21, 221. The toxicities 
estimated in this study for the COMT-inhibitors and 
catechols towards the M14-melanoma line are 
relatively high especially since the potency of the 
compounds 2, 3 and 5 (which were not substrates 
for tyrosinase) was stronger or equal to 4HA. None 
of the compounds that acted as a substrate for 
tyrosinase showed tyrosinase-dependent toxicity 
comparable to that of 4HA towards the epithelial 
CNCM-I-221-cells. Different mechanisms for toxicity 
of the compounds in this study need therefore to be 
considered. Although no direct correlation with 
COMT inhibition and toxicity of the compounds was 
observed this may still play a role in their cytotoxic 
action. Many factors are involved in the overall 
cytotoxicity observed for the compounds. In general, 
the accessibility of the compound to the target 
enzyme(s) will depend on the localization of the 
enzyme, the lipophilicity of the agent, and its 
transport through membranes. If the compounds act 
principally via COMT inhibition the toxicity would 
also depend on the rate of formation of indole 
quinones via melanin metabolism and thus indirectly 
on tyrosinase activity. Hence the stability of the 
catechols, their rate of oxidation by tyrosinase and 
their rate of decomposition could be of great 
importance in determining their cytotoxicity. In the 
case of L-dopa no correlation of toxicity with 
tyrosinase activity in 6 melanoma lines was found 
but the toxicity has been ascribed to the formation 
of a stable toxic product (possibly melanin) outside 
the cell [23]. Radical scavenger enzymes such as 
peroxidase, superoxide dismutase and catalase were 
shown to reduce the toxicity of L-dopa and 
dihydric phenols (dopamine, hydroquinone and 
terbutylcatechol [23,24]) which are substrates for 
tyrosinase. On the contrary, phenols that were not 
substrates for tyrosinase, e.g. resorcinol, butylated 
hydroxyanisole and hydroquinone dimethyl ether, 
did not exhibit reduced toxicity [24]. It was concluded 
that tyrosinase does not play a role in the in vitro 
toxicity of the catechols tested which is probably due 
to products of catechol decomposition acting outside 
the cells [24]. On the other hand, the observed 
cytotoxic effects of L-dopa and dopa methyl ester 
towards melanoma cells [21,22] could be a result of 
intracellular damage since it was shown that L-dopa 
[25] and 2-[18F]fluorodopa [26] are selectively 
incorporated into melanoma cells. The use of L- 
dopa as an antimelanoma agent is, however, limited 
because of toxic side-effects on the neural and 
cardiovascular systems [27]. In viuo a large part of 
L-dopa seems to be metabolized by COMT to the 
0-methylated product, 3-O-methyldopa, in plasma 
[28,29]. This is also a problem for using L-dopa as 
a therapeutic drug for the treatment of neurological 
disorders such as Parkinson’s disease [30]. COMT 

inhibitors have been studied in relation to Parkinson’s 
disease in order to investigate whether they could 
be used to increase the bioavailability of L-dopa and 
its transport into the brain, In this regard the 
characteristics of most of the inhibitors tested in this 
study have been discussed in the review by Guldberg 
and Marsden [ll] or were described by others 
(tropolone [31], dihyroxycinnamic acid [32], nore- 
pinephrine [33], quercetin, myricetin [34] and 
dihydroxytryptamine [35]). Tropolone has also been 
reported as a strong inhibitor of tyrosinase [36]. 2,3- 
Dihydroxynaphthalene was included since a strong 
inhibition of COMT from bovine liver and a high 
toxicity towards Ml4 melanoma cells was found for 
this compound in earlier studies (unpublished 
results). The different characteristics of the COMT 
inhibitors may account for some of the effects of the 
compounds towards the Ml4 and 221-cells observed 
in this study. 

Recently, the compounds Ro-41-0960 and OR- 
462 and OR-486 were described as new COMT- 
inhibitors that were especially designed as stable 
drugs with favourable pharmacological and toxi- 
cological properties by two different groups [9, lo]. 
These compounds were effective in preventing 3- 
OMD formation after L-dopa administration [9, lo] 
and OR-462 proved useful for clinical application in 
different model systems [37,38]. OR-462 seems 
promising for further studies as an antimelanoma 
agent since it was more effective than 4HA and OR- 
486 at 10-4M. Apart from 4HA and L-dopa very 
little is known about the effects on malignant 
melanoma of the other compounds tested in this 
study. Only the 3,7_dihydroxyderivative of tropolone 
(BMY-28438) was recently described as an antitumor 
antibiotic with specific activity against B-16 melanoma 
in mice whereas no activity was found for tropolone 
itself [39]. Furthermore the effects of flavonoids 
on artificially induced B16-melanoma metastases 
revealed that treatment with quercetin resulted in 
increased numbers of metastases [40]. Since high 
toxicity was found for quercetin and myricetin 
towards the Ml4 as well as the 221-cells it needs 
to be investigated further whether these compounds 
may be selectively toxic towards the melanoma cells 
at lower concentrations. 

Not all the results of this study can be interpreted 
satisfactorily at present. Some of the compounds are 
equally toxic at 1O-4 M and 10e5 M which may be 
indicative of a maximal possible uptake of these 
compounds. Furthermore, many different modes of 
action of these compounds after formation of 
quinone products have been suggested. DNA 
polymerase , ribonucleotide reductase and thy- 
midilate synthase are all regarded as possible targets 
for quinone products of phenol derivatives [41-43]. 
Indirect action like the inhibition of mitochondrial 
metabolism as shown for 4HA [44] may also be 
considered for some of the compounds. For 4HA it 
has been demonstrated that it can be metabolized 
in vivo to 3,4_dihydroxyanisole and its methylated 
products [45]. Also for 2-[‘*F]fluorodopa it has been 
shown that a predominant part (>71%) of the acid- 
soluble radioactivity in (B16 melanoma) tumours 
was present as the 0-methylated metabolite [26]. 
These are indications that COMT may be very 
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important as a detoxifying enzyme for phenolic or 
catecholic anti-melanoma drugs. The localization of 
soluble COMT in the cytosol of melanocytes seems 
to agree with a role as a detoxifying enzyme [46]. 
The exact localization of MB-COMT should further 
elucidate whether this part of the enzyme activity is 
present on membranes which are optimal for 
detoxification of free catechols (possibly on the 
plasma membrane or endoplasmic reticulum). 
Inhibition of COMT with newly developed stable 
drugs could prove to be useful as a direct tool for 
selective induction of cytotoxicity in melanoma cells 
but may also serve as a method to prevent the early 
detoxification of other antimelanoma agents. 
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