
SKIN PIGMENTATION FOLLOWING THIO TEPA 533 

mg), and codeine phosphate (30 mg) in man. 
Drugs were given with placebos in a “double- 
blind” investigation. Pain was induced by a 
high- f requency electronic stimulator applied 
to normal intact teeth. 2. Since the pain 
threshold end-point did not require activa- 
tion of skeletal muscle, carisoprodol must 
have induced analgesia independently of its 
muscle relaxant action. 3. By this method, 
carisoprodol was 5 times more potent than 
acetylsalicylic acid in raising tooth pain 
threshold in man. 
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Hyperpigmentation of the skin of man 
and experimental animals following exposure 
to ultraviolet light or ionizing radiation is a 
commonly observed phenomenon. Radia- 
tion-induced hyperpigmentation has been 
shown to result from an increased amount of 
epidermal melanin associated with increased 
functional activity of the melanocytes in 
mouse( 1) and human( 2) skin. Similar re- 
sults have been obtained in mice following 
local application of the carcinogenic hydro- 
carbon 5, 9, 10 - trimethyl - 1,2 - benzanthra- 
cene ( 3 ) .  During cancer chemotherapy 
studies in mice utilizing t riethylene thiophos- 
phoramide (ThioTEX’A) it was observed that 
brown mice of the CEIA and ( RlII  x CBA) F1 
hybrid strains undergoing long-term systemic 
administration of this drug developed a 
marked hyperpigmentation of the tail, ears, 

* Supported by U.S.P.H.S. grant (2-4517. 
t Trainee, U.S.P.K.S. Cancer Training Grant. 

-- 

and extremities, similar to that described in 
mice exposed to chronic gamma-irradiation 
(1). The present study deals with the ef- 
fects of ThioTEPA on skin pigmentation in 
various inbred strains of mice. 

Mer%ods and materials, ThioTEPA, is the 
sulfur derivative of triethylene phosphors- 
mide and is a member of the class of radiomi- 
metic, tumor-inhi bitory compounds known as 
alkylating agents. Dry crystalline Thio- 
TEPA was dissolved in distilled water to 
make a concentration of 0.25 rng/ml and was 
refrigerated during the course of the esperi- 
ment. Nine male and 9 female mice, 501 to 
60 dai,ys old, of each of the following inbred 
strains were used:$ DBA/2, Strong A,  C3H, 
NH, Stoli, and (DBA/2 x NH)F1 hybrids. 
Six rriales and 6 females of each strain were 

$ Obtained from Kirschbaum Memorial ltesearch 
Lab., Ilept. of Anatomy, Eaylor Univ. College of 
Medicine. 
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TABLE I. Effects of ThioTEPA 011 Skin Pigmentation in Various Strains of Mice. 

Microscopic hyperpig- 
mentation of skin 

hYPerPk- Abdominal 
Gross 

Strtliii Coat color SCY nicntatioii Ear  wall 

Moderate - Dilute brown (non-agouti ) 8 - 
9 7  - 

11BA/2 
- ? 

Rtro11g *4 Albino 6 
0 

(DRL4/:! x S H )  F, hTlJ r id  B1:tck d + 
9 + 

S t oli Dilutc. 1)ron-n (:igoriti i 6 - _- - 

9 - hfoclelxtc - 

c3 II Brown (ngout i )  6 + 
? + 

S H  Picbald (gray Ccr Ivliitc) 9 - Xoclcrate - 

- - - 
- - - 

Mxrkccl - 
J 7  - 

Marked I 

9 2  - 

-~ 

randomly selected to receive ThioTEPA, the 
remainder serving as controls. The treated 
mice received 0.002 mg/g body weight of 
ThioTEPA (approximately 0.05 mg) , in- 
jected intraperitoneally, daily for 5 days per 
week until a total of 12  injections had been 
given. Each mouse was observed during this 
16-day period for grossly detectable pigment 
changes. On the day following last injection 
of ThioTEPA all the animals were killed and 
specimens of ears, gonads, adrenals, and skin 
over the anterior abdominal wall were ob- 
tained for histologic study. These tissues 
were fixed in 10% neutral buffered formalin. 
and paraffin sections 6p thick were made fol- 
lowing routine histologic procedures. Sec- 
tions were either stained with hematoxylin 
and eosin or studied unstained. 

Results. ,411 males of the N H  strain 
treated with ThioTEPA died during the 
course of this study. Pigment changes noted 
in the mice receiving ThiolTEPA are sum- 
marized in Table I. In  no case were any 
changes observed in the controls. Darkening 
of the tail, ears, and extremities of the Thio- 
TEPA treated C3H and (DBA(’2 ?; I\;H)FI 
hybrid mice occurred from 10 to 14 days after 
injections were begun, and was observed in 
all treated mice of these strains. Microscopic 
examination of the ears of these animals re- 
vealed an increased amount of melanin pig- 
ment incorporated within epidermal cells as 
well as an apparent increase in number of 
melanocytes in the basal layer of the epider- 
inis (Fig. 1 ) .  The number of dermal melan- 

ocytes was definitely increased as compared 
to controls. KO significant difference was de- 
tected in the melanocyte activity of hair fol- 
licles. None of the treated mice of the other 
strains exhibited gross hyperpigmentation, al- 
though a moderately increased amount of 
melanin pigment within the epidermis was 
noted in histologic sections taken from DBA/ 
2 mice and females of the Stoli and NH 
strains. No gross or microscopic pigmentary 
changes were seen in the anterior abdominal 
wall skin of any of the mice in this experi- 
ment. Histologic examination of the adrenals 
failed to demonstrate any abnormalities. 
However, pathologic changes were seen in the 
gonads of almost all animals subjected to 
ThioTEPA. The testes of all treated male 
mice showed severe destruction of the semi- 
niferous tubules with a sparing of interstitial 
cells. Alterations in the ovaries of treated 
females were less consistent, varying from no 
changes in the Strong A strain to1 almost com- 
plete obliteration of graafian follicles and ab- 
sence of normal ova in the C3H strain. 

4 

c 
FIG. 1. Sections of skin from ears of (1) control 
and (2) ThioTEPA-treated C3H male mice show- 
ing nielanocytes (ML) and melanin pigment de- 
posited in cells of the epidermis (EP ML) ; X 507. 
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Discussion. ThioTEPA-induced hyperpig- 
nientation of the extremities, tail, and ears of 
brown or black mice with sparing of the gen- 
eral body skin is similar to that described fol- 
lowing total-body irradiation( 1) , both agents 
resulting in increased deposition of epidermal 
melanin and increased numbers of epidermal 
and dermal melanocytes. Presumably the 
greater number of rnelanotic melanocytes 
present in the extremities, tail, and ears(4) 
and the slower conversion of amelanotic to 
melanotic melanocytes in the general body 
skin(1) account for these findings. Szab6 
( 5 )  has suggested that melanocytes of hair 
follicles can be stimulated with dimethyl- 
benzanthracene and lcroton oil to function 
outside of their original environment. No 
significant increase in hair follicle melano- 
cyte activity was detected in treated mice. 
The present study indicates, in addition, that 
similar microscopic changes occur to a lesser 
degree in mice of lighter coat color, but not 
in albinos. Further studies will determine 
whether ThiolTEPA given in larger doses or 
for a longer time can cause gross hyperpig- 
mentation even in these lighter coat-colored 
strains. The possible role of the adrenal or 
gonads in ThioTEPA-induced pigment 
changes is not clarified by these findings. All 
adrenals appeared normal histologically. All 
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males and most females treated were appar- 
ently rendered sterile on the basis of histolo- 
gic observatioas. I t  has been shown that 
ovariectomy will interfere with melanlDgenic 
activity( 6 ) .  

Sumwzary. Systemic administration of 
ThioTEPA caused the development of lhyper- 
pigmentation of the ears, tail, and extremi- 
ties of brown or black mice, but not O F  mice 
of lighter coat color or albinos. These 
changes resulted from increased numbers of 
dermal and epidermal melanocytes and in- 
creased deposition of epidermal melanin. 
Similar microscopic changes were seen to a 
lesser degree in the lighter-colored mice, but 
not in albinos. Gross or microscopic evidence 
of hyperpigmentation of the general body 
skin was not found. 
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I t  has been well established that the sensi- 
tizing potency of tissue antigens in water-in- 
oil emulsions is augmented when mycobac- 
teria are added. Thus, hypersensitivity states 
such as allergic encephalomyelitis, asperma- 
togenesis and thyroiditis are more readily 
produced when appropriate tissue antigens 
are incorporated into adjuvants containing 
rnycobacteria than when the mycobacteria 
are omitted. On the other hand, the effect of 
mycobacteria on ability of antigens in emul- 
sions to stimulate antibody formation is not 

clear. Addition of mycobacteria to water-in- 
oil emulsions containing viral, bacterial and 
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