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AN ITICTRoN SPIN RISoNANCE STUDY of STAEL: FRE RADICALS
IN NATURAL AND SYNTHITIC MIANINS.

J. L. Vivo-fcrivos and M. S, Elois, Jr.

The observatian of an elcctron spin resorance (C‘.o.I‘ ul“S(‘f‘j_ tion
in natural melenin ves rcported by Cormoncr and coworkers in 1954 )

who speculated that these permancntly unpa:.;ud electrons were aSSOClE‘.'tt.,d
with free radicals that had becaue trapped in the lattice of the melanin
polymer,

Relative to the more general gquestion of the roles of free radicals
in biological gystems, it is of particular interest to determinec whether
intracecllular melanin production is a biological free radical mechanism,

As employed herein, we shall use the term natural nelanin to refer to the
polymeric biological pigment ordinarily caasidered to resmult from tyrosine
oxidation and polymerization, and by syathnctic melanins, to refer to the
polymerization products of polyphenols or arcniatic emincs by auto-oxidative
or enzymatic reactions,

The obscrvations reporied here were obtained with a paramagnetic
resonance spectrometor operating in the 3 cm bond and utilizing a reflection
cavity.

'ln

to-cxddntion and Enzymatic
3,0 u'nn\/ﬂm wyonernlalonine (DOPA)
cnd nyrogallal,

The e.s.v. spectra of the semiguinones of these caapounds have been
previously r»rorted\zﬁyir

If these reaction mixturcs are then eoxamined ovgr longer periods of
time, further intermediates are found. For the pera” and orthobenzoquinones
the dimer intermediate semiquinone has been cbserved by means of“ G, SeT»  The
structure of these have becn inferred directly from the hyperfine structure
‘arising from the unpaired electron-nuclesr moment interactions in the free
radical, In both cases the dimerization occurs through a C-C bond between
the two rings. In DOPA and pyrogallal multiple spectra arc also observed
with time., ' The observed hypcrfine structure in the case of DOPA is consistent
with the proposed recaction mechanian,

The most important featurc of the moncmer and dimer spectra is the
lowering of the g-factor by one part in 10° and the reducticn of the total
hyperfine splitting.

The first effect is explained as an increase in the diamagnetic shielding
of the now larger | —clectron system and the second is due to the fact thot the



(9%

_v—gen atars in the diquinone are more electro-ncgative and thus the unpaired
elesctran density is reduced at the in-plane arcmatic protons,

g=values of Natural and 3ynthetic Melanins,

In camparing the g-valucs of a number of polyphenolic semiquinones
with those of the resulting synthetvic melanins, it appears that the stable
Pree radicals trapped are those of the monaneric form e quite small polymers
inasruch as the expected dismmagnetic shielding is very slight. In contrast
with this we find a signficantly lowver g-value for the enzymatically produced
dCFA melanin than for the auto-cxddized DORL melernin, The natural melanin
from squid ink and from the Harding-Fessey mouse melanoma is found to give a
g-varue intermediate between the former two.

This research was supporced by the United States Alr Force through AF Office
of Scientific Research, [dir Rescearch and Developrmient Commands
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