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Sumuiary. Nanganous ion, 0.0001 31, quenching of thrombokinase activity might 
help in the physiologic control of blood clot- 
ting. 

hastened activation of crude prothrombokin- 
ase in a 3-stage analysis of blood coagulation. 

- - -  
It did 'lot prevent the subsequent steep de- Received November 20, 1950. P.S.EB.M., 1951, ~ 7 6 .  cline oi thrombokinase activity. Rapid 
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Physiological conditions prevailing in the 
skin at  the time of experimental treatment 
with chemical or physical agents may be 
expected to influence the nature and degree 
of the response. A condition that may be 
readily observed and controlled is the stage 
of development of the hair. In  the develop- 
mental cycle of a hair follicle, the anagen staze 
is the phase of active growth and develop- 
ment ( 17 days). In  a more detailed analysis 
of the anagen phase, Chase e t  a L ( 1 )  have 
observed 6 clearly defined substages. The 
subsequent catagen stage is the phase of 
growth cessation, club hair formation, and 
setting aside of the dormant hair germ for the 
nest hair generation (2  days). The telogen 
stage is the resting phase ( 2 ) .  The degree of 
injury which can be inflicted upon skin ap- 
pears to depend not only upon the types of 
treatment but also upon the stage of develop- 
ment ot' the existing hair follicles. X-radia- 
tion with 300 r to 1000 r during anagen 
stages results in cessation of development in 
the follicle and the loss of any growing hair. 
During catagen and telogen stages, such x- 
ray doses cause no loss of hair, the club hairs 
remaining apparently undisturbed ( 3 ) .  In  ad- 
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dition, x-radiation has also a profound effect 
upon hair pigment. Pigment loss for the 
ensuing hair generations is greatest in follicles 
x-rayed in catagen or telogen( 3-5). In  con- 
trast to the effects of x-ray on the hair, 
single or repeated applications by painting of 
irritants such as K2P04, ether, benzene( 6 ) ,  
or methylcholanthrene-in-benzene have no ef - 
fect on hairs in anagen but cause loss of hairs 
in the telogen stage. Whereas such doses of 
x-radiation have only a slight effect upon the 
pigment cells in the epidermis, upon the in- 
tegrity of sebaceous glands, and upon hyper- 
plasia of the epidermis-a single painting of 
0.6% methylcholanthrene-in-benzene results 
in increased melanization in dendritic cells of 
the epidermis, loss of sebaceous glands ( 7-9), 
and hyperplasia of the epidermis. The paint- 
ing, however, has no effect upon the growing 
hairs. After the loss of sebaceous glands by 
treatment with methylcholanthrene, a com- 
plete redifferentiation of the glands from ex- 
ternal sheath cells occurs if and when there 
is active hair development in the follicles (9). 

Methods. Experiments were carried out to 
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determine the extent of injury in the epider- 
mis and in the cutaneous appendages follow- 
ing application of methyl cholanthrene alone 
and in combination with exposure to 1000 r 
of x-rays. In  order to ascertain whether the 
stage of the hair follicles had any significant 
influence on the extent or type of injury in- 
duced by these agents, the right half of the 
dorsum of mice whose hair follicles were in 
the telogen (resting) stage, was plucked, 
while the left side was merely clipped. Pluck- 
ing of club hairs initiates the growth of the 
next hair generation in that area whereas 
careful clipping or shaving does not (3) .  
Eighteen mice (13 males and 5 females, 3 
to 6 months of age) of the inbred C57 Black 
strain were used. In  the first experiment the 
carcinogenic agent was applied after a period 
of 6 days when the clipped area was still in 
the telogen stage, and the plucked area was 
in suhstage anagen 11; (an active phase of 
hair development in which the bulb is a t  maxi- 
nial mitotic activity although the tip of the 
hair shaft has not yet emerged through the 
skin surface) ( 1 ) .  -At this time, then, the 
whole dorsum was painted with 0.6% methyl- 
cholan threne-in-benzene while only the pos- 
terior one-half of the dorsum received in ad- 
dition an x-ray dose of 1000 r (100 kv, 10 ma, 
17.4 cm, 389 r min, air dose). Thus, in the 
same animal 4 skin areas were obtained in 
which conditiom were different. T o  simplify 
matters these areas will be referred to as -A, 
€3. C and I> (-4. anterior left half with club 
hairs clipped, and treated with methylcholan- 
threne; B, anterior right half with club hairs 
previously plucked, and now in substage ana- 
gen 11.. treated with methylcholanthrene; C, 
posterior left half. like -A but. in addition, 
irradiated with 1000 r ;  D, posterior right 
half. like B. hut also irradiated). 

I n  a second experiment all of the skin areas 
treated were in the telogen stage. The left 
half of the dorsum was simply clipped while 
the right half was plucked a t  the time of 
treatment with me thylcholan threne and x-ray. 
The manipulations of this experiment were 
similar to the first experiment, with the es- 
ception of the 6-day interval between the 
time of plucking and the treatments. 

Observations. Daily gross observations in 
the first experiment show in area A, a pro- 
gressive keratosis and epilation of the stumps 
of clipped hairs, which persist a variable per- 
iod of time up to 17 days following treatment 
when the experiment was terminated. In  
many instances, by the end of the experiment, 
the hair follicles are reactivated and growth 
proceeds apparently normally. In  area B 
there is a moderate keratosis but no inhibi- 
tion of hair growth. I n  area C there is kera- 
tosis, epilation, and subsequent ulceration 
which in some cases continues to the termina- 
tion of the experiment. Area D shows some 
keratosis, a retardation of hair growth, and 
occasionally some ulceration. 

In  the second experiment (treated a t  the 
time of plucking and clipping) areas -A and 
R are comparable to -4 of the first experiment, 
i.e. telogen follicles. ,Area B shows a more 
progressive keratosis and occasional ulcera- 
tions. In  some cases, ,4 as well as B has 
entered the anagen stage by the time of ter- 
mination of the experiment. Areas C and D 
become keratotic and ulcerated. -\lthough 
these two regions are comparable (they are 
also comparable to C of the first experiment), 
I>, which has been plucked rather than 
clipped, in most cases shows a more advanced 
state of injury. 

Histological sections of biopsies taken a t  
1, 4, 7, 10, 13 and 17 days after treatment 
substantiate the gross observations. _I\ more 
extensive description of the cytological effects 
will be published in a separate paper. Area 
-4 in the first and in the second experiment, 
shows hyperkeratosis and hyperplasia of the 
epidermis accompanied by hypertrophy of the 
nucleus and cytoplasm in both surface epi- 
dermis and in cells of the hair follicles. These 
conditions are progressive for about 10 days 
and then recede. I n  some cases the condition 
is alleviated by the end of the experiment. 
Amelioration is always accompanied by re- 
activation of the hair follicles. 

-Area B in the first experiment shows only 
a moderate hyperplasia and keratosis up to 
the 4th day. -\ normal condition, including 
a restoration of the sebaceous glands is ob- 
served by the 10th day. I n  the second ex- 
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periment, the epidermis of area B shows mas- 
sive amounts of hyperplasia with hyperkera- 
tosis and parakeratosis. There are numerous 
giant cells with nuclear aberrations. Moderate 
acanthosis is often found. These changes are 
progressive until the 10th or 13th day at  
which time there is some repair of the injury 
which is accompanied by a restoration of hair 
growth activity. 

-\reas C, in the first and second experi- 
ments! are alike. Massive progressive hyper- 
plasia and hyperkeratosis of the epidermis and 
hair follicles occurs at  first. Gigantic epider- 
mal cells having either giant nuclei or clusters 
of nuclei are numerous throughout the dura- 
tion of the observations. In  sites of ulcera- 
tions single flattened giant cells may often be 
seen extending over the granuIar tissue of the 
dermis. In  other places large areas of hyper- 
plastic epidermis are underlain by invading 
epidermis. In  still other areas, nothing re- 
mains of the epidermis except a few cords of 
giant cells extending into the dermis. Damage 
here in area C is severe and at  the termination 
of the experiments only rarely did we en- 
counter even slight amelioration or repair. 

-kea D in the first experiment, with fol- 
licles in anagen I V  at the time of treatment, 
shows some hyperkeratosis and hyperplasia. 
This. however, is not severe. There is, in ad- 
dition a cessation of growth of the hair fol- 
licles which lasts a variable interval of time. 
In  all cases, however, the skin appears to be 
normal by the end of the experiment. In  the 
second experiment, however, area D, with 
follicles in telogen at  the time of treatment 
but the club hairs plucked instead of clipped, 
shows the most severe damage. It is essen- 
tially like area C of both experiments, but 
the degree of injury and other induced changes 
are even more severe. At the end of 1 7  days 
the epidermis in area D of the second experi- 

ment is still hyperplastic and acanthosis and 
utricular cysts are commonly found. 

Conclusions. The combined treatment of 
met hylcholant hr ene-in- benzene painting plus 
1000 r irradiation results in changes in the 
epidermis which are more severe than those 
occurring after either treatment alone. Se- 
baceous glands are destroyed by methylcho- 
lanthrene and redifferentiate only when hair 
growth is active. Where hair development is 
arrested or delayed by the irradiation, there 
is a failure of new sebaceous glands to redif- 
ferentiate until hair development again oc- 
curs. Furthermore, the initial damage to the 
epidermis in terms of hyperplasias and hyper- 
keratoses is less in areas where hairs were in 
anagen I V  at the time of the single or com- 
bined treatment. Maximal damage occurs in 
telogen areas. Not only, then, is active hair 
proliferation associated with restoration, as in 
the case of sebaceous glands, but it also pro- 
tects the epidermis from damage and it is 
associated with the repair of epidermal dam- 
age. 

The explanation of such phenomena is as 
yet incompletely known. Cells of the ex- 
ternal sheath of the follicle are directly in- 
volved in rediff erentiation of sebaceous glands 
and to a considerable extent in repair of the 
epidermis. This layer of external sheath cells 
forms the morphological continuity between 
the hair germ or bulb and the basal layer of 
the epidermis. The resistance of epidermis to 
damage, as well as the capacity for repair, 
which are associated with hair proliferation 
may well indicate a comparable functional 
continuity of the external sheath. In any 
case, the importance of considering and con- 
trolling conditions in the skin at  the time of 
and after treatments is obvious. 
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