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1. Introduction 

In [l] we demonstrated that the superoxide anion 

(0;)dependent formation of microsomal protein- 

bound rnetabolite(s) of S-HT or S-HTP was accom- 

panied by the consumption of NADPH and molecular 
oxygen. In addition to 5hydroxyindoles, 6-HT was 

found to be as active as 5-HT in stimulating the mi- 
crosomal NADPH oxidase activity and oxygen con- 

sumption [l]. ln [2], we reported the Oi-dependent 
microsomal melanogenesis from 5-HT and related 5- 
hydroxyindoles by demonstrating a free radical signal 
derived from a protein-bound metabolite(s) of 5-hy- 
droxyindoles. 

The formation of 5-methoxyd-hydroxyindole 

from 5,6-DHI mainly by the action of HIOMT may 
not be important in melanogenesis whereas 5-hydroxy- 
6-methoxyindoles derived from 5,6-DHI by the action 

of COMT can be converted spontaneously to’methyl- 

ated melanins [3]. Here, we present data showing that 
6-HM is a good substrate for the formation of methyl- 
ated melanin, when incubated with microsomes in the 

presence of an NADPH-generating system and molec- 
ular oxygen. Thus, the position of a free hydroxyl- 
group at either 5 or 6 on the benzene ring of the in- 
dole nucleus is not of major importance, at least, in 

the O;-dependent microsomal melanogenesis. 

Abbreviations: 6NM, 6-hydroxymelatonin; 6-HT, 6-hydroxy- 

tryptamine; 6-HTP, 6-hydroxytryptophan; SHT, S-hydroxy- 
tryptamine; S-HTP, S-hydroxytryptophan; 5-MT, S-methoxy- 

tryptamine; 5,6-DHI, 5,6dihydroxyindole; DPPH, qzdiphen- 

yl+picrylhydrazyl; HIOMT, hydroxyindo1e-Gmethyltrans- 
ferase; COMT, catecho1-Gmethyltransferase; SOD, superox- 

ide dismutase; fp,, NADPH-cytochrome c (cytochrome P450) 
reductase; EPR, electron paramagnetic resonance. 
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2. Materials and methods 

Microsomal NADPHcytochrome c reductase was 

purified from either trypsin-digested microsomes [4] 
or detergent-solubilized microsomes [5] of the livers 

of male Wistar rats (250-300 g) fasted for 12 h before 
sacrifice, except that Renex-690, a non-ionic deter- 

gent, was replaced by Triton X-100 [6] and that an 
affinity chromatography on 2’,5’-ADP-Sepharose 

4B [7] was used. The A277/A455 ratios for the trypsin- 
solubilized enzyme and the detergent-solubilized en- 

zyme were 6.9 and 9.9, respectively, and the specific 
activities of the former and the latter enzymes in 0.1 
M Tris-HCl buffer (PH 7.8) were 35 and 28 pmol 

cytochrome c reduced. min-’ . mg protein-’ at 28°C 
respectively. Superoxide dismutase was purified as in 

[8]. The microsomal protein-bound pigments from 
6-HM, 6-HT and 6-HTP were prepared as in [ 21 except 

that 0.1 M K-phosphate buffer (pH 6.8) was substi- 

tuted for 0.1 M Tris-HCl buffer (pH 7.8) when 6-HT 
and 6-HTP were used as substrates since 6-HT has been 
reported to be relatively unstable at high pH values [9]. 

Oxygen consumption and NADPH oxidation were 

measured as in [ 11. EPR spectra were measured as in 

[2]. Protein was determined according to [lo]. 
6-HM and 6-HT were purchased from Sigma. 

6-HTP was kindly supplied to us by Professor V. 
Erspamer, Institute of Medical Pharmacology, Uni- 
versity of Rome. 2’,5’-ADP-Sepharose 4B was ob- 

tained from Pharmacia. 

3. Results 

3.1. Effect of 6-HM on the NADPH oxidase activity 

and oxygen consumption catalyzed by trypsin- 
solubilized NADPH-cytochrome c reductase 

As shown in fig. 1, the very slow oxidation of 
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Fig. 1.6-HM-dependent NADPH oxidation and 0, consump- 
tion by trypsin-solubilized NADPH-cytochrome c reductase. 
For the measurement of both NADPH oxidation and 0, con- 
sumption, the reaction mixture, in 3.0 ml final vol. contained 
5 1.3 pg flavoprotein, 0.1 M Tris-HCl buffer (pH 7.8), 1.5 
mM KCN, 0.4 mM 6RM (dissolved in ethanol and 20 ~1 of 
the solution added), and 0.3 mM NADPH added at the arrows 
at 35°C: (. . .) NADPH oxidation; (-) 0, uptake of which 
increase was shown upward in the vertical axis; (a,A) in the 
absence of 6NM; (b,B) in the presence of 6-HM; (c) initially 
6-HM and NADPH, then 25.6 pg flavoprotein was added dur- 
ing the steady state; (d) in the absence of flavoprotein. 

NADPH in the presence of the flavoprotein (a) was 

strongly accelerated by the presence of 6-HM (b). 
This accelerated oxidation of NADPH was actually 

accompanied by an O2 uptake since the slow O2 con- 
sumption catalyzed by the flavoprotem (A) was greatly 

stimulated by the presence of 6-HM (B). The reaction 
mixture composed of 6-HM and NADPH alone showed 
no decrease in A%,, (d). On addition of the flavopro- 
tein during the steady state, NADPH oxidation was 
induced after a small lag period (c). These results in- 
dicate that 6-HM is metabolized by this flavoprotein 
in the presence of NADPH. 

The observation of the small increase in AM0 after 
the initiation of the reaction was reproducible. We are 
currently examining the nature of this absorbing spe- 
cies. 

3.2. Involvement of superoxide anion radical (0,) in 
6-HM-dependent NADPH oxidation and O2 con- 
sumption catalyzed by detergent-solubilized 
NADPH-cytochrome c reductase 

The effect of SOD on the NADPH oxidase activity 
and oxygen consumption was investigated since: 

Fig.2. Effect of superoxide dismutase on 6RM-dependent 
NADPH oxidation and 0, consumption catalyzed by deter- 
gent-solubilized NADPHcytochrome c reductase. The exper- 
imental conditions were those fig.1, except that 30 ng deter- 
gent-solubilized flavoprotein and 0.2 mM 6-HM (added in 
10 ~1 ethanol) were used and that KCN was omitted: (. . .) 
NADPH oxidation; (-) 0, uptake of which increase was 
shown upward in the vertical axis; system I (a,A) preexist- 
ence of 0.1 mg SOD; (b,B) addition of 0.3 mg SOD where in- 
dicated; system II (c,C), in the absence of SOD; (d,D) in the 
absence of 6HM and SOD. The reaction was initiated by the 
addition of 0.3 mM NADPH at the arrows. 

(9 

(ii) 

This flavoprotein is known to be a good 0; gen- 
erator [ll]; 

0; may participate in microsomal S-HT-depen- 
dent NADPH oxidation, in O2 consumption and in 

the formation of the protein-bound metabolite(s) 

from 5-HT [ 11. 

Fig.2 shows the NADPH oxidase activity and oxy- 
gen consumption both in the presence (system I) and 

absence (system II) of SOD. The very slow oxidation 
of NADPH (d) and O2 uptake (D) in the presence of 

detergent-solubilized flavoprotein were strongly stim- 
ulated in the presence of 6-HM (CC) as in the case of 
trypsin-solubilized flavoprotein. The amounts of 
NADPH and O2 consumed in the reaction mixture 
calculated at the final states of (c,C) after 15 min were 
2 1 and 20 pmol/mg protein, respectively, giving a 
NADPH/02 ratio of -l/l, which confirms the micro- 
somal system in [ 11. The pre-existence of SOD in the 
reaction mixture inhibited almost completely both 
6-HM-stimulated NADPH oxidation and O2 uptake 
(a,A). The addition of SOD during the steady state, 
however, inhibited only the 6-HM-stimulated O2 up- 
take by -50% (B) and had no effect on 6-HM-depend- 
ent NADPH oxidation (b) as in the case of S-HT [ 11 
or of microsomal oxidation of epinephrine [ 121. 
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3.3. EPR spectra of the protein-bound metabolitels) 
from 6-HM, 6-HT and 6-HTP 

As shown in fig.3, when 64&l, 6-HT or 6-HTP was 

incubated with rat liver microsomes in the presence 

of NADPH generating system, a free radical signal with 

g - 2.00 was observed (1,4,7). The linewidth of 3 sig- 

nals derived from 6-hydroxyindoles was -10 G which 

agrees well with that of other melanins [ 13,141. The 

spin density calculated by double integration with 

DPPH as standard, gave -9.6 X IO’*, 1.5 X 1Or3 and 
4.1. X lOI* spins/mg wet wt moist powder, prepared 
from the reaction mixture of 6-HM, 6-HT and 6-HTP, 

respectively. Without NADPH-generating system, no 

signal appeared (3,6,9). Moreover, the incubation of 
microsomes with NADPH generating system alone 

Fig.3. EPR spectra of melanin prepared by incubating 6-HM, 
6-HT or 6-HTP with rat liver microsomes in the presence or 
absence of NADPH-generating system and the effect of SOD 
on the formation of free radical signals. The reaction mixture, 
in 10 ml final vol. contained 15 mg microsomal protein, 0.1 M 
Tris-HCl buffer (pH 7.8) for 0.48 mM 6-HT or 0.1 M K-phos- 
phate buffer (pH 6.8) for 0.5 mM 6-HT or 6-HTP, 1.5 mM 
KCN, and NADPH-generating system composed of 0.6 mM 
NADP, 5 mM MgCl,, 5 mM glucose 6-phosphate, 35 U glu- 
cose 6-phosphate dehydrogenase, and was incubated at 35°C 
for 30 min with constant shaking in ah. 0.5 mg SOD was add- 
ed if necessary: (1,4,7) in the presence of NADPH-generating 
system (samples wet wt, (1) 131 mg, (4) 141 mg, (7) 144 ma); 
(2,5,8) in the presence of NADPH-generatmg system and 
SOD; (3,6,9) in the absence of NADPH-generating system; 
(10) microsome + NADPH-generating system atone. 

gave almost no signal (10). Therefore it can be said 
that the observed signals are derived from the metab- 
olites of 6-HM, 6-HT and 6-HTP formed by the micro- 
somal oxidation system. The spin densities calculated 

from the radical species obtained in [2], where S-HT 

and S-HTP were used as substrates, are of the same 
order as these. 

The inclusion of SOD in the reaction mixture 

produced very weak signals (2,5 ,S). This means the 
participation of 0; in this type of melanogenesis 

from 6-hydroxyindoles. 

4. Discussion 

From our data concerning the O2 consumptions, 
NADPH oxidations, and the spin densities, there was 

no preference between 5- and 6-hydroxyindoles as 

the substrate for the microsomal system. Although 

the melanins from these substrates might be different 
in their fine structures, EPR experiments were inca- 
pable of detecting such differences. The fact that no 
preference between S- and 6-hydroxyindoles existed 
for melanin formation here may be in contrast to the 
concept in [3], where O-methylation of 5,6-DHI at 

position 6 has a preference to that at position 5 in 
melanogenesis. 

Concerning the degradation pathway of indole nu- 
cleus of indole compounds, there are generally two 

pathways: 

(1) 

(2) 

The hydroxylation of the benzene moiety of the 

indole nucleus at position 6 in liver microsomes 

[9,15,161; 
The cleavage reaction of pyrrole ring moiety by 
indoleamine dioxygenase, especially in brain [ 171. 

Tryptamine and melatonin follow both types of de- 

gradation [9,15,17,18]. As for tryptophan, the hy- 

droxylation at position 6 does not occur [9,15]. Nev- 
ertheless, the endogenous formation of 6-HTP from 

N-acetyltryptophan may be possible since the presence 
of the latter in human urine has been reported [ 191 

and it is known to be hydroxylated at position 6 by 
liver microsomes [9] and the removal of the acetyl 
group from N-acetyl-tryptophan is highly active in 
kidney [ 201. 

Thus, the 6-hydroxy compounds formed are sub- 
sequently conjugated by either glucuronide or sulphate 
[ 18,211. Besides the conjugation pathways, however, 
there is another O;-dependent degradation pathway 
to that presented here. The reaction product may be 
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a quinoid of an unknown structure or its semiquinone 
form which binds to the microsomal protein covalently 

resulting in the formation of a melanin-like pigment as 
evidenced by the free radical signals (fig.3). This seems 

to be another synthetic pathway of methoxymelanin 
which is different from that in [3]. It is of interest to 
see whether another possible endogenous 6-hydroxy- 
indole compound, e.g., S-methoxy-6-hydroxytrypt- 

amine probably formed from S-MT by 6-hydroxyla- 
tion, can be transformed to methoxymelanin by a mi- 

crosomal system. 
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