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Summary.-Ocular melanomas embedded in paraffin wax for histological examina-
tion have been studied by electron spin resonance (ESR) spectroscopy. A free-radical
signal was detected at the g=2.003 section of the spectrum. The amplitude of this
signal was correlated with the number of melanin granules in microscopical slides
made from the tumour. This positive correlation can make ESR spectroscopy
suitable for estimating the melanin content in the embedded melanoma blocks.
Additional paramagnetic signals can also be detected. The clarification of their
significance needs, however, further ESR measurements.

PREPARATIONS embedded for histo-
logical examination show paramagnetic
absorption. Sporadic data show that some
histochemical methods may be comple-
mented by the physical method of electron
spin resonance (ESR). The ESR spectrum
of melanin-containing materials is an
intensive line (singlet) at the g = 2 003
section of the spectrum, the so-called
free-radical signal (Mason et al., 1960).
An ESR spectrum showing absorption
lines of paramagnetic origin is plotted as
a function of the magnetic field and each
absorption line can be characterized by a
dimensionless constant (the so-called g
factor) relating to the magnetic field
strength and microwave frequency. As the
melanin signal does not disappear even
after strong chemical treatment (Blois,
1969) one can suppose that it is also
detectable in the ESR spectra ofembedded
tissues. The aim of the present work was to
ascertain this and to explore the applic-
ability of this finding.

MATERIALS AND METHODS

Paraffin blocks of 30 ocular and 2 skin
melanomas, as well as 1 meningeal melanoma

were studied from biopsy material obtained
during the years 1969-1973. The control and
tumour samples were trimmed from the
embedded eye, the control consisting of the
choroid layer only. The samples were oblong
blocks measuring 8 mm x 4 mm to fit into the
Dewar vessel of the spectrometer.
The absorption of microwave power of

constant frequency by the specimen placed
in the resonator cavity was measured as a
function of increasing magnetic field. The
spectrum of the embedded tissue blocks was
registered by a JES-ME-3X spectrometer at
room temperature. The ESR spectra were
taken at Band X with a modulation fre-
quency of 100 KHz and a microwave power
of 5 mW. The applied modulation width was
varied between 2 and 4 gauss. The magnetic
field and the signal intensity were calibrated
by a simultaneously registered Mn :MgO
reference standard. Thus the different samples
could be compared quantitatively.

After spectrum registration the samples
were washed twice in xylene for deparaf-
finization, dried and weighed on analytical
scales. The signal peak-to-peak height was
corrected for sample weight. Although signal
amplitude represents the free-radical con-
centration only indirectly, peak-to-peak
heights are accepted for concentration meas-
urements in the case of signals of identical
shape (Dodd, 1975).
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After the re-embedding procedure 4 histo-
logical sections were made from each speci-
men and stained with haematoxylin and
eosin. The number of melanin-containing
cells and extracellular granules of cell size
wNas determined in 5 fields ( x 300) on each
slide. The average number of granules and
its standard deviation were calculated and
represented for each field.

RESULTS

A characteristic embedded melanoma
spectrum is shown in Fig. la. Only the
6G wide singlet due to melanin can be
seen. No other structure is discernible
even at higher resolution (Fig. 3.1). The
melanin signal showed power saturation,
and therefore 5mW power and 4G p/p
modulation amplitude were used for
registration (see Wyard, 1969). The
choroid-containing controls were just dis-
cernible at these conditions (Fig. Id). At
higher amplification (Fig. le) the copper
spectrum (g-2 05) could be recognized
superimposed on the free-radical line.
Width and amplitude of the free-radical
signal were the same before and after
deparaffinization.
The innermost (choroid-containing)

layer of deparaffinized bulbus oculi was
easily stripped off from the white sclera.
These pigmented layers of control samples
were harvested, weighed and their com-
mon spectrum registered. This deparaf-
finized normal tissue showed a signal:
weight ratio 20 times as intensive as the
tumour with the highest amplitude.

Fig. 2 shows a significant positive corre-
lation between the peak-to-peak heights
of free-radical signal and the number of
melanin granules per field of the samples
(correlation coefficient: 0.90). The stan-
dard deviation of ESR signal amplitudes
of parallel tumour specimens from the
same eye was 4-5% of the mean, whilst the
standard deviation of melanin granules
was 20% of the mean number per field.

Three samples were found not showing
a detectable signal at g = 2-003, but con-
taining few melanin granules in histo-
logical slides. Four further samples showed

free-radical signal, but with no melanin
in their slides. In these cases, after serial
sectioning of the whole samples, melanin

** ;. 4 ....,.*.. -..:.

FIG. 1. X-band ESR spectrum of paraffin-
embedded ocular melanomas in 0-5000G
magnetic-field range at room temperature.

a. and b. Signals of two highly pigmented
tumour samples. The dominant signal can
be assigned to a free radical in a and to a
Cu2+ ion in b.

c.-Spectrum of control paraffin sample, con-
taining no tissue.

d.- Spectrum of control containing normal
choroid. A small free-radical signal is
detectable.

Circumstances of spectrum registration
a-d: amplification x 50 time constant (T)
0 3 sec; registration time (t): 5 min.

e. Spectrum of control with normal choroid
(d) amplification x 500; time constant (T)
3 sec; registration time (t) 25 min. The
copper spectrum is superimposed on the
free-radical signal.

In each spectrum the 6 lines of Mn/MgO
standard are visible. Their g values are
respectively from left to right: 2-14; 2-08;
2-03; 1-98; 1-92; 1-78. Modulation ampli-
tude: 4G, microwave power 5 mW in
a, b, c, d, and e.
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FIG. 2. Amplitude of the free-radical signal
of paraffin-embedded melanomas vs the
mean melanin granule number in the slides
made from the corresponding sample.
Average granule number per microscope
field (X) (±s.d.) Signal amplitude (Y)
( ± s.d.) Signal amplitude in the unit of the
6th line of Mg :MnO (amplitude normalized
to this line of the reference standard).

FIG. 3. X-band ESR spectrum of paraffin-
embedded eye melanomas in 3200-3300G
magnetic-field range. Spectrum 1 shows a

singlet identical with that of Fig. la.
Amplification x 100. Spectrum 2 shows a
wider peroxide spectrum with 3 different
g values: gi=2-011; g2=2-005; g3=1-993.
On the margin of the spectrum the g= 2-03
and 1-98 lines of the Mn :MgO standard are

-isible. The distance between them is 87G.
Microwave power = 5 mW, modulation =

2G, ,= 0-1 sec, t = 5 min.

was found. The 7 cases are indicated in the
origin of the graph in Fig. 2.

Samples of the meningeal melanoma
and one ocular melanoma showed the 2nd

spectrum of Fig. 3. From the characteris-
tic peaks of anisotropic spectra the values
gi=2-011; g2=2-005 and g3=1:993 can
be determined, which are characteristic
of a peroxide-type free radical (Melamud
& Silver-Brian, 1974). The spectrum of
meningeal melanoma remained unchanged
after deparaffinization, but that of the
ocular melanoma was transformed into a
singlet similar to the Fig. la, with smaller
amplitude than the original peroxide
spectrum.
The sample of a single highly pigmented

ocular melanoma did not present the free-
radical signal, but the intensive cupric-ion
spectrum, seen in Fig. lb. In the control
specimen the Cu spectrum was also dis-
cernible, with lower intensity than in the
tumour (Fig. le). Though these samples
showed ESR signal also, their presence
could not be assigned to any histological
feature.

Finally, connection was sought between
the signal amplitude and the intensity of
pigmentation, by means of oxidizing and
reducing agents. Having evaluated the
peak-to-peak height of the spectrum
and the pigment content of deparaffinized
samples, they were gradually hydrated in
decreasing amounts of alcohol (96, 60,
40 and 000 alcohol in water) and incubated
in solutions used in histochemistry (Pearse,
1961) for the decolourization of melanin
(hydrogen peroxide, potassium perman-
ganate, potassium perchlorate, potassium
ferricyanide, ascorbic acid). After de-
hydration of the specimens their ESR
spectrum and the degree of fading was
estimated and compared again. Though
all these procedures reduced the signal
amplitude, no good correlation was found
between the degree of fading and the
reduction of ESR signal intensity.

DISCUSSION

Ocular melanomas are more readily
separable from their surrounding tissue
than skin melanomas. For this reason the
former were more suitable for our investi-
gation. though the 2 skin melanomas
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examined showed the same free-radical
signal as the ocular tumours.
The pigment content of a thin choroid

layer can be easily detected spectro-
scopically in the embedded samples.
Although tumours never contained mela-
nin as highly concentrated as the choroid,
their free-radical signal was more intense
than that of the latter, because the
sensitive part of the resonator cavity was
better filled by the pigmented tumour
tissue sample.
According to our experience light micro-

scopy yields a better sensitivity than the
ESR spectrometer, for samples with a
very low melanin content did not produce
a detectable ESR signal, though a few
granules could be observed by microscope.
On the other hand ESR spectroscopy can
be more convenient for the estimation of
pigment in larger blocks, since the time-
consuming serial sectioning and separate
examination of individual slides can be
avoided. Melanin distribution of the
tumor tissue can vary significantly from
one microscope field to another, so the
ESR sample, which contains a larger
amount of tissue, gives a lower standard
deviation of signal intensity than that of
the number of melanin granules per field.

Free radicals of peroxide type are also
reported to be related to native melanin
(Schoffa, 1964) and peroxidase enzymes
are supposed to take part in melanin
synthesis (Okun et al., 1970). The pros-
thetic group of polyphenoloxidases and
tyrosinases synthesizing melanin contains
copper (Deane et al., 1]960). However, only
few spectra of copper or peroxides were
found, so extended investigation on more
numerous melanoma material is needed,
in order to establish the frequencies of
these rare centres in melanoma tissue.
A free-radical signal of low intensity can

be detected in native and freshly embedded
(animal) tissues also (Elek et al., 1977) and
in necropsy or biopsy material, but a
small free-radical signal can be found in
few cases (Elek et al., 1979). The reason for
this is that free radicals of non-melanin
origin are very unstable: a few hours of

storage, fixation and embedding can
destroy them. On the other hand the free
radical of melanin is highly stable, only
strong reduction or oxidation can reduce
its concentration. It seems that the free-
radical signal depends not on the intensity
of melanin colour, as a poor correlation
exists between the ESR signal intensity
and the depth of melanin colour. The
standard histological procedures, however,
influence the melanin ESR signal slightly
and in a uniform way which makes the
rough quantitative estimation possible. As
the pigment content is a factor considered
for example in prognosis of ocular mela-
nomas (McLean et al., 1977; Shammas &
Blodt, 1977) the ESR measurements may
have practical significance. In addition to
this, the ESR method can be useful for
studying the histology of melanin, since
it can provide information on the different
paramagnetic centres occurring in this
pigment.
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