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EFFECTS OF SINGLE DOSE X-IRRADIATION ON THE PIGMENT
CELLS OF THE PET MOUSE GASTROCNEMIUS*

WILLIE M. REAMS, JR., Pn.D. AND BARRY E. SCHAEFFER, M.A.t

It is generally recognized that ultraviolet
and x-irradiations result in the hyperpigmenta-
tion of the nrnmmalian epidermis. Even dermal
melanocytes have been shown to respond
positively to these irradiations (1—4). Only in
the hair, as a component of the skin, does
increased irradiation result in a decrease in
pigmentation (5, 6). Prevalent postulation is
that the pigment cell's response to irradiation
is mediated through cues from the epidermis
(7—12) or, in the case of dermal pigment cells,
from the dermis (4).

A pigment cell is typically a component of
an epidermal melanin unit (13, 14) or, even
if dermal (3), it is still a component of the
integument. Consequently, research on pig-
merit cell behavior has been essentially limited
to studies of pigment cells within their in-
tegumentary environment. Additional under-
standing could be gained if pigment cells
could be analyzed free of direct integumentary
influences.

In PET mice (15), migrating neural crest
melanoblasts not only colonize the skin but
also migrate from the skin and colonize under-
lying tissues such as the gastrocnemius muscle
(16—is). The study presented here was under-
taken to determine the response to X-irradia-
tiori of pigment cells resident in the gastroc-
nemius—a non-integurnentary community.

MATERIALS AND METHODS

A single dose of X-irradiation was given the right
hind leg of each of 64 PET mice. The dosage
varied from 200 to 7,000r, The left hind leg was
not irradiated and served as a control. Additionally,
one or 2 mice of each litter were not irradiated
and also served as controls. Mice were irradiated
at one to 4 days of age and were sacrificed 10 days
after irradiation.
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To facilitate irradiation, the mice were mounted
with adhesive strips on polystyrene platforms so
that the right hind limb was extended. For accu-
rate positioning of the limb prior to X-raying, the
area to be irradiated was visibly delimited by light
from an intrinsic source within the X-ray machine.

The X-ray machine was a General Electric
Maxitron. At 1,000 KVP and 3 ma, the radiation
intensity obtained at 1 cm distance was 500r per
minute, HLV of 3.7 mm of lead. Inherent filtra-
tion of a brass-water-brass jacket allowed only
hard, high-energy X-rays of practically uniform in-
tensity to pass through the limbs.

At sacrifice, the animals were killed in ether, the
hind limbs amputated and the skin was stripped
back to the ankle. Following fixation in 5% formo-
saline, the specimens were dehydrated in alcohol
and cleared in methyl salicylate. The gastrocnemius
muscles of the hind legs were dissected free, teased
so as to lie flat, and mounted in methyl salicylate
on a slide for microscopic examination. Methyl
salicylate was used as it gives the best transparency
of the muscle and thus aids in visualizing the mel-
anocytes. An ocular reticle and a tally counter
were used to determine the number of melano-
cytes in the muscles.

In an attempt to expose latent pigment cells, the
right hind leg of each of 9 mice was irradiated with
a different dosage of X-rays. The gastrocnemius
muscles of these mice were dissected free and
treated with dopa.

As there was a few days difference in the age of
the mice, it was important to determine if this dif-
ference caused a significant variation in the mel—
anocyte counts. Therefore, the gastrocnemius mus-
cles of 20 non-irradiated mice of equivalent ages
were studied also.

RESULTS

Among the 20 non-irradiated control animals,
melanocyte numbers in the left gastrocnemius
ranged from 422 to 1225, and in the right
gastrocnemius from 393 to 1339. Due to this
wide range of variability, direct comparisons
could not be made of melanocyte numbers be-
tween left muscles or right muscles of different
mice of even the same age. However, a
definite relationship was observed in melano-
cyte numbers between the left and right
muscles in the same individual. In the 20
animals, the melanocyte number in the right
gastrocnemius averaged only 70 more than in
the left. For convenience, the comparative
number of melanocytes between the right
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and left muscles was represented as an index
reference number. This index number was ob-
tamed by subtracting the number of melano-
cytes in the left gastrocnemius from the num-
ber of melanocytes in the right gastrocnemius
of a given mouse. If there was a positive iidex
iunnber for an experimental animal, then an
increase in melanocytes had been provoked in
the irradiated right leg. A negative index
number indicated a decrease in melanocytes in
the treated muscle.

No significant variation in the index num-
bers was found in controls of 12 to 14 days
of age. There was a tendency for the total
melanocyte number in both the left and right
gastrocnernius to increase progressively dur-
ing the period, but as the rate of increase
was approximately the same in both legs, the
index was not seriously affected. Therefore,
the index retained its significance and could
be used as a reference of comparison among
animals of different ages.

Among irradiated animals there was ii in-
verse relationship between the meTh.nocyte in-
dex and the X-ray dosage. As shown in figure
1, as dosage increased from 200 to 7,000r, the
index decreased. At 7,000r, for example, the
index was —995, with 1,315 melanocytes in
a non-irradiated left gastrocnemius and 320
in an irradiated right. Atypical melanocytes
which showed signs of deterioration were con-
spicuous in the irradiated muscle (Figs. 2, 3).
Many of the melanocytes appeared to have
disintegrated leaving oily a residue of melanin

granules (Figs. 4, 5). Treatment with dopa
did not reveal additional pigment cells in the
muscle. Further, there was no indication of
melanocyte stimulation in muscle at any dosage
level tested and the surviving melanocytes
showed no morphological changes when com-
pared to controls.

For the sake of comparison, the leg skin of
the experimental animals was examined also.
As expected, the skin showed a progressive
hypertropliy and increase of melanotic melano—
cytes with increasing doses of radiation. The
details of the skin response are presented
elsewhere (4).

DISCUSSION

The pigment cells found in the gastrocnernius
of the PET mouse emigrate from the kg
ectoderm and invade the developiig muscle
during the 14th day of gestation. Melanogenesis
begins at day 17 and the number of visible
melanocytes continues to increase during the
first two post-natal weeks (16). Thus the
intramuscular pigment cells are of the same
heritage and genetic background as those
resident in the integument, and their intra-
muscular responses can be rebted compara-
tively to responses in the integument.

The skin of the experimenta' legs in the
present study gave the expected hyper-
pigmentation response to X-irracliation. Not
only was the skin near the X-ray source
hyperpigmented, but that on the opposite
surface of the same leg gave a like response
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FIG. 1. Relation between intramuscular melanocytes and X-ray dosage
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FIG. 2. Melanocytes within the gastrocuornitis of an 11-day non-irradiated PET mouse.
Unstained whole mount. X 100.

FIG. 3. Gastrocneniius 10 days after 4,000r X-radiation. X 100
Fm. 4. Non-irradiated intramuscular melanocyte. X 1,000

FIG. 5. Disintegration residue of irradiated melanocytes from Fig. 3. X 1,000

also (4), thus demonstrating that effective
amounts of radiation for hyperpigmentation
were passing through the leg muscles. Dosages
of 3,000r or higher destroyed the epidermis
on both sides of the leg; however, even at
7,000r the dermis and its melanocytes re-
mained intact. The gastrocnemius showed a
progressive decrease in size with increasing
irradiation but, save for the melanocytes, its
basic histologic integrity was relatively un-
affected. The low order of response to irradia-

tion of muscle has been partly explained on
the basis of the limited mitotic rate of the
muscle cells (19). It is interesting to note the
evidence for the restricted mitotic activity of
pigment cells in the young mouse, both in the
skin (3, 4, 12, 18) and in muscle (17). There-
fore, the changes in melanocyte number which
resulted from irradiation probably were a func-
tion of resident pigment cells and not pigment
cell proliferation.

With increasing dosages of X-irradiation,
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there was a progressive decrease in the intra-
muscular melanocyte population—a situation
not unlike that in the hair (5, 6). There
was no pigment cell stimulation in muscle at
any dosage level tested. As necrotic melano-
cytes and debris of melanin granules were
evident, it appears that melanocytes outside
the skin are quite radiosensitive and are
damaged or destroyed by X-rays. Reams and
Shervette (20, 21) made a study of the intra-
muscular pigment cell behavior during the
days following X-irradiation of 2,000r and
noted the damaging effects of the X-rays were
fully expressed by the second day after ir-
radiation. No indication of pigment cell re-
covery was found and it was assumed that
both melanocytes and premelanocytes had been
affected.

SUMMARY

The irradiation of intramuscular pigment
cells with X-rays resulted in a progressive
decrease in the number of melanocytes with
increasing doage of radiation. Apparently the
pigment cells were damaged or destroyed by
the X-rays. The conclusion is tendered that
pigment cells fundamentally are radiosensitive
and that the integument normally serves as
a radioprotective agent. The epidermis and/or
dermis, then, would be the mediators of hyper-
pigmentation responses of the pigment cells to
radiation.
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