
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

Copyright 1965 by The Williams & Wilkins CG.
Vol. 45, No. 2

Printed in U.S.A.

THE EFFECT OF LASER RADIATION ON THE MAMMALIAN
EPIDERMAL MELANOCYTE*
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AARON B. LERNER, M.D., Pn.D.

The effects of x-rays (1) ultraviolet (2, 3)
and infrared (4) radiations on mammalian
melanocytes have been studied extensively. The
development of a working laser system by
Maiman (5) has made available a new instru-
mcnt capable of emitting the most intense
form of radiant energy known to man. The
object of the present study was to make an
evaluation of the effects of a neodymium glass
laser on mclanocytc activity in mammalian
skin using carefully controlled histochemical
tcchnics.

MATERIALS AND METHODS

Twelve mature, male guinea pigs weighing be-
tween 575 and 720 grams were used. Six were pure
black and six were pure red in color. After shav-
ing the anterior abdominal wall each animal was
exposed to electromagnetic radiation having a
wave length of 10,600A° from a neodymium doped
glass laser.t The exit energy of the laser varied
from 1 to 50 joules. The pulse duration varied
from 2 to 5.5 milliseconds, dependiog on the exit
energy level. Each animal was securely positioned
at a distance of 7 cm from the laser source so
that a uniform spot size of 0.5 cm was irradiated
with unfocussed energy. The laser output was
monitored before and after each burst of energy
to maintain as far as possible a constant control
over the exit energy level. Three animals, two
black and one red, were exposed to an energy
level of 1 joule at three separate sites on the
abdominal wall; a fourth site was used as a con-
trol area. Four animals, two black and two red,
were exposed in a similar manner to an energy
level of 17.5 joules. Four other animals, two
black and two red, were exposed to an energy
level of 30.7 joules. A single red guinea-pig was
exposed at different sites to energy levels of 1,
17.5 and 30.7 joules of energy. The animals were
then divided into groups and biopsied at intervals
of 1, 6, and 72 hours and 9 and 21 days alter
irradiation.
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t We wish to thank the Research Department of
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instrument.

Skin specimens were taken from each illumi-
nated area and from the control sites. All speci-
mens were processed under identical histochemical
conditions as described by Snell (6). Half of each
specimen was subjected to the DOPA reaction and
the other half to the tyrosine reaction. Both skin
sheets and vertical sections were examined. In
each animal irradiated melanocytes were observed
and compared with melanocytes at the control
sites.

RE SUITS

Macroscopic Observations

Immediately after exposure to laser radiation
most of the animals showed a round area of
brown discoloration at the site of impact. All
lesions produced in the black animals were
more intense than those observed in the red
animals at comparable energy levels. Ulcera-
tion of the site of impact was observed be-
tween days three and seven. Complete healing
and some increase in pigmentation of the skin
around the scarified areas was noted in most
animals by the ninth post-irradiation day.

Microscopic Observations

Skin sheets from the red animals removed
one hour after irradiation with one joule exit
energy showed no epidcrmal or dermal changes.
In the remaining specimens removed at 1, 6
and 72 hours, in the center of the area of im-
pact, only an occasional distorted melanocyte
could be recognized (Fig. 1). Some melanocytcs
consisted of only the cell body and possibly
one or two dentritic processes, whereas others
resembled "ghost cells" in that only a cluster
of melanin granules marked the position of a
former melanocytc. At the periphery of the
impact area a mixture of normal and distorted
melanocytcs was seen (Fig. 2) and melanocyte
numbers were reduced below normal. As one
proceeded outward from the periphery of the
illuminated area into the normal surrounding
epidermis, the number of mclanocytcs was seen
to increase gradually, and the morphology of
the melanocytcs returned to normal. Vertical
sections largely confirmed what had been ob-
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Fic. 1. Photomicrographs of skin sheets of anterior abdominal wall of black male guinea-
pig. (a) Control area showing a group of melanocytes on an epidermal ridge. Note the pres-
ence of a moderate amount of melanin within the melanocytes and surrounding epidermal
cells. (b) Six hours after exposure to laser radiations of 30 joules. Shows a number of dis-
torted melanocytes ("ghost cells") containing very little melanin. Very little free melanin
is present in the surrounding epidermal cells. Treated with Dopa reagent. No counterstain.
>< 640.

served in the skin sheets. It was also noted
that cells adjacent to the damaged mclanocytes
were either destroyed or showed signs of de-
generation. In the more powerfully irradiated
areas the epidermis and dermis appeared to
be completely coagulated.

Nine days after irradiation both the skin
sheets and vertical sections showed changes
which resembled those in a healing wound. In
the region immediately surrounding the im-
pact area in several of the skin specimens, the
melanocytes were present in greater numbers
than normal and possessed long complex den-
tritic processes filled with melanin. By the
twenty first day the melanocytes and other
epidermal cells appeared normal.

DISCUSSION

The literature contains no report on the
specific effects of laser radiations on normal
mammalian epidermal melanocytes. Goldman
et al (7, 8), using a ruby laser with a wave-

length of 6943A and an exit energy of 0.84
joules, studied the effects of laser radiations on
a variety of biologic tissues including normal
and abnormal skin in man and animals. They
consistently observed the most intense reac-
tions to irradiation in tissues which were
opaque or pigmented. Other workers (9, 10)
noted that natural pigments such as melanin
and chlorophyll or artificial dyes such as Janus
green and mcthylenc blue increased tissue re-
sponsiveness to laser radiation.

In the present experiment at all energy
levels used, the black animals showed a more
severe skin reaction than the red animals. Thus
it appears that cells containing a dark melanin
pigment are particularly susceptible to injury.
Since melanocytes in both black and red guinea
pigs contain more pigment than the surround-
ing cpidermal cells, one would expect to find
more severe damage to melanocytes than other
epidermal cells following laser irradiation. How-
ever, this was not found to be true in the
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FIG. 2. Photomicrograph of skin sheet of an-
tenor abdominal wall of black male guinea-pig
six hours after exposure to laser radiation of 30
joules. Shows a group of melanocytes at the
periphery of the impact area. Normal and dis-
torted melanocytes are present. Note the absence
of free melanin in the surrounding epidermal cells.
Treated with Dopa reagent. No counterstain.
X 570.

present experiment; all types of epidermal cells
appeared to be equally affected.

The relationship which might have existed
between the amount of tissue destroyed and
the value of the energy output of the laser
was examined. In the red animals an output of
one joule had no demonstrable effect on the
skin. Greater energy outputs of 17.5 and 30.7
joules produced the same degree of tissue de-
struction. In the black animals, all energy val-
ues used produced about the same amount of
tissue destruction.

The exposure of enzymes to laser radiation
has been reported by Igelman et al (11). Tyro-
sinase, trypsin and many other enzymes ex-
posed in vitro, were unaffected by laser radia-
tion. The presence of "damaged" melanocytes
in the impact area in the present work could
lead one to conclude that the tyrosine and
dopa reactions had been inhibited; thus, each

deformed melanocyte represented a cell that
was unable to take part in either of these
reactions. However, the gross distortion of
many of the melanocytes plus the damage to
other epidermal cells suggested that this ap-
pearance was most probably related to cellular
necrosis rather than specific enzyme inhibition.

Biopsy specimens removed nine and twenty
one days after irradiation showed the partici-
pation of melanocytes in the different stages of
healing closely resembling the repair processes
described in the healing of a deep skin wound
(12).

The present work using a laser radiation
having a wave length of 10,600A failed to
demonstrate a differential effect of the laser
on the different epidermal cell types. It is
known that ultraviolet irradiations with wave
lengths of 2400—3000A are appreciably ab-
sorbed by the aromatic amino acids, phenyl
alanine, tyrosine and tryptophane (13). If
there is a higher steady state concentration
of these amino acids within melanoeytes, as-
sociated with their inherent ability to produce
melanin, it should be possible, using laser
radiations of shorter wave lengths and finely
graduated energy levels, to obtain a selective
effect on the melanocyte. In view of this possi-
bility it is planned to extend this work using
laser radiations of shorter wave lengths.

CONCLUsIONS

1) The effect of laser radiation on the ac-
tivity of epidermal melanocytes was studied
in the skin of the anterior abdominal wall of
pure black and pure red male guinea pigs. The
skin was processed using the dopa and tyrosine
reactions, and both skin sheets and vertical
sections were examined.

2) Macroscopically a brown oval area of
discoloration occurred at the site of impact. The
degree of skin damage was greater in the
black animals at all levels of energy output.

3) Microscopically the skin specimens re-
moved 1 and 72 hours after irradiation showed
varying degrees of tissue necrosis which was
more severe in the black animals. At the center
of the impact area only a few distorted melano-
cytes were observed. At the periphery a mix-
ture of normal and distorted melanocytes was
seen. Beyond the impact area the morphology
of all melanocytes was normal. The specimens
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removed 9 and 21 days after irradiation
showed different stages in the process of heal-
ing.

4) It was concluded that the type of laser
radiation used in this study primarily pro-
duced tissue necrosis, and cells containing large
amounts of dark pigment were particularly
susceptible. With the energy levels of laser
used in this experiment it was not possible to
obtain a selective effect on epidermal melano-
cytes.
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