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SEVENTEEN FIGURES 

For a number of years the anterior hypophysis has been 
known to play an important r61e in the regulation of body 
growth. I n  general, the effects of hypophyseal secretions on 
growth have been found to be of a stimulative character. The 
growth stimulating or inhibiting action of such hormones is 
demonstrated most precisely by the changes they elicit in 
those tissues which normally undergo the most rapid cell 
division. Hair is such a rapidly growing structure and its 
growth has been shown to  be affected by the anterior hy- 
pophysis. For example, Smith ('30) demonstrated in the rat  
that pituitary activity is essential to the normal maturation 
of hair from the infantile to the adult type. Apparently the 
growth hormone is primarily responsible for this effect 
(Thonipson and Gaiser, '32). Microscopically, hypophysw 
tomy of young rats has been found to cause a general atrophy 
of the skin with reduction in size of connective tissue fibers, 
hair follicles and their papillae (Snow and Whitehead, '35). 
Thesc changes were reversed by treatment of hypophpsecto- 
inized rats with extracts containing the growth hormone. The 
general conclusion to be drawn from these early experiments 
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is that the growth hormone stimulates the hair to grow and 
mature. 

The discovery that growth of hair is accelerated by 
adrenalectoniy (Butcher and Richards, '39 ; Butcher, '41 ; 
Ralli and Graef, '43) and that this rapid growth after 
adrenalectomy may be inhibited by the administration of 
cortical preparations indicates that the adrenal cortex nor- 
mally acts either directly or indirectly as an inhibitor of hair 
growth. Since the secretory activity of at least part of the 
adrenal cortex is controlled by the anterior hypophysis, it is 
pertinent to investigate the manner in which the anterior 
hypophysis affects the growth of hair when it acts through 
the adrenal cortex. This problem is unusually challenging in 
view of the evidence just cited which indicates that the adrenal 
cortex inhibits hair 'growth. I s  it possible that the anterior 
hypophysis possesses the capacity f o r  both stimulating and 
inhibiting hair growth - stimulating it by direct action of 
the growth hormone and inhibiting it by accelerating the re- 
lease of cortical steroids? Might it have some influence also 
on other cutaneous structures which exhibit continuous or 
intermittent cell division such as the epidermis and sebaceous 
glands? The development of a method for preparation of 
hypophyseal adrenocorticotropic hormone in a comparatively 
pure form by Li, Evans and Simpson ( '43) makes possible an 
investigation of the action of the anterior hypophysis on the 
skin when it acts by way of first stimulating the adrenal cor- 
tex. This study, in which Doctor Ti's preparation has been 
used attempts to answer the questions which have been raised. 

MATERIALS AND METHODS 

The experimental procedures employed in this study have 
been described in detail elsewhere (Baker, Ingle, Li and Evans, 
'48). I n  summary, adult male rats of the Sprague-Dawley 
strain were force-fed diets high in carbohydrate, fat or protein. 
Following a period of adaptation to this type of feeding, they 
were injected with adrenocorticotropin. I n  experiment 1, one 
rat on each of the three diets received 1 mg of adrenocortico- 
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tropin per day f o r  21 days, with the same number of animals 
serving as controls. Experiment 2 was similar except that 
the dosage of hormone was increased to 3mg  per day. I n  
experiment 3 ,8  mg of adrenocorticotropin were injected daily 
for 10 days into two rats on the high fat and high protein 
diets with two controls on each diet; on the high carbohydrate 
diet, 4 animals were injected with the hormone and there were 
two controls. The amount of adrenocorticotropin administered 
daily was divided into 8 doses which were injected at intervals 
of two hours. The control animals were given injections of 
0.9% sodium chloride a t  the same times. 

At autopsy samples of skin measuring about 1 X 0.5 ern 
were removed from the dorsum of the body in the thoracic 
region. This method of sampling did not take into account 
the waves and cycles of hair growth which oecur in the rat 
(Butcher, ’34). Therefore, in order to  obviate the possibility 
that the skins of treated rats which showed no hair growth 
might have been taken from normally inactive areas and those 
of the controls from normally active areas, experiment 4 was 
carried out with three rats receiving 3 mg of adrenocortico- 
tropin daily and three others serving as controls. This pro- 
cedure duplicated the conditions of experiment 2, except that 
all of these rats were fed a medium carbohydrate diet (Ingle, 
Nezamis and Prestrud, ’47). Since it has been reported by 
Butcher (’34) that hair in rats grows in waves which begin 
mid-ventrally and proceed dorsally, a strip of skin 4 mm wide 
and extending from the mid-ventral to  mid-dorsal line was 
excised from the lumbar region of each rat at autopsy. It was 
sectioned in such R way that a complete microscopic picture of 
the skin was thus available for one-half the circumference of 
the body. 

The skin samples were fixed in Bouin’s fluid and imbedded 
in paraffin. Tn the case of the samples removed from the dor- 
sum of the back, approximately 2.6 t o  3mm of skin in the 
paraffin blocks was sectioned serially and studied. The stains 
used were Harris’ hematosylin and eosin, Regaud’s iron 
hematosplin and Masson and thc TT’eigert procedure fo r  
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elastic fibers. In  experiment 4, small pieces of abdominal skin 
were fixed in chilled 80% alcohol and prepared for the study 
of alkaline phosphatase by the method of Gomori ( '39) ; other 
pieces were fixed in 4% basic lead acetate and stained meta- 
chromatically with toluidine blue for demonstration of mast 
cells. 

I n  the earlier experiments no attempt was made to study 
the re-growth of hair on shaved areas during treatment. 
However, in experiment 4 the hair was clipped from the entire 
body at  the beginning of the experiment. Then, at weekly in- 
tervals during treatment, records were made of the extent of 
hair growth during the preceding week by sketching the 
growth pattern and the hair was clipped again. 

OBSERVATIONS 

Comparison of figures 1 and 3 with figures 2 and 4 demon- 
strates that adrenocorticotropin caused an apparent thinning 
of the skin. However, closer scrutiny reveals that this ap- 
pearance resulted largely from the reduction in thickness of 
the subcutaneous layer of loose fibro-elastic connective tissue 
and fat (panniculus adiposus), a change so marked as to be 
readily discernible upon macroscopic inspection of the stained 
slide. I n  general, the panniculus adiposus was obliterated 
completely in which case a dense mass of collagenous fibers 
approximated directly the panniculus carnosus muscle. In 
other rats the reduction was not as great and narrowed 
patches of fat and loose connective tissue remained in some 
localities especially around whatever hair follicles might still 
be present in this region (fig. 4). The effect seemed to be 
greatest following the 3mg  daily dose administered for 21 
days and less when 1 m g  was given daily for this period or  
Sing for the shorter period of 10 days. 

Microscopic measurement of the dermis demonstrated that 
the thickness of this layer of the skin proper was not altered 
significantly by either diet or treatment with the hormone. I t  
should be mentioned in this connection that accurate measure- 
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ment was difficult because of the irregularity of the boundary 
between the dermis and panniculus adiposus. 

Epidermis. Dorsally in the control animals a definite layer- 
ing of the epidermis was evident with stratum germinativum, 
corneum and, at least, a discontinuous stratum granulosuni 
being present constantly. Occasionally a deeply eosinophilic 
layer could be seen external to  the stratum granulosum which 
resembled somewhat the stratum lucidum of human skin. 
The stratum germinativum and, in places, the stratum granu- 
losum were several cell layers in thickness (fig. 5 ) .  The epi- 
dermis became progressively thinner with a less prominent 
stratum granulosum toward the ventral side of the body. 

Treatment with adrenocorticotropin caused a striking 
change in the surface contour of the skin. Whereas in the 
control rats this surface was rather even and smooth espe- 
cially in the dorsal area (figs. 1 and 3) following treatment the 
epidermis was thrown up into papilla-like folds giving it a 
“crinkly” appearance on microscopic observation (figs. 2, 8). 
This alteration was accompanied by a thinning of the epider- 
mis which was most striking dorsally because in this region 
the epidermis normally attains its greatest thickness. In  some 
locations the cellular part was reduced to  one or  two layers in 
thickness with considerable flattening of the cells (figs. 5, 6). 
The greatest change seemed to have occurred in the stratum 
germinativum and stratum granulosum. The atrophy of the 
former layer could have been incident to an inhibition of 
cellular proliferation. Particularly Outstanding was the great 
reduction in size and number of the keratohyalin granules in 
the stratum granulosum (fig. 6) .  Assuming these granules to  
represent one stage in the formation of keratin, this alteration 
might be interpreted as being indicative of a defect in the 
process of cornification. Indeed, in some rats which were a€- 
fected by the treatment more markedly, the atrophic epider- 
mis possessed a comparatively thin stratum corneum (fig. 6) .  
However, the observer could not always ascertain how much 
the stratum corneum had been altered by the experimental 
conditions because of the impossibility of assessing the extent 
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to  which the layer had been disturbed by mechanical attrition. 
In  such atrophic epidermis no eosinophilic layer which might 
be regarded as a stratum lucidum was present. All of these 
changes were found consistently on the 3mg  dose except in 
one of the 6 treated rats in which the epidermis was not sig- 
nificantly thinner than that of its control. These effects oc- 
curred variably on the 1 and 3 mg dosage. 

Hair. The full magnitude of the extent to which adreno- 
corticotropin inhibited growth of hair could not be appreciated 
from the small pieces of skin which were removed from the 
back in the first experiments. The reliability of comparisons 
made by this procedure between the rate and extent of hair 
growth in a control and an experimental rat  is dependent upon 
the expectation that the pattern of hair growth, except f o r  
the hormone treatment, would have been identical in both 
animals. One could not validly make such an assumption, 
especially since the control and experimental animals in our 
studies were not litter mates. Nevertheless, in these specimens 
suggestive evidence of retarded development of hair follicles 
and bulbs due to treatment with adreiiocorticotropin was 
obtained. 

This repression seemed to be related directly to the dosage 
and duration of treatment. On the 1 m g  dose for 21 days, 
there was evidence of inhibition following treatment with the 
hormone in only the animal on the carbohydrate diet in which 
case no follicles were found to extend deeper than the middle 
of the dermis in the serial sections which were studied. With 
increase of the dosage to 8mg  f o r  the shorter period of 10 
days, inhibition of hair growth became more definite. In one 
adrenocorticotropin-protein treated rat there was no effect. 
However, in all of the other rats, there were fewer follicles 
which reached to  the panniculus adiposus and, in general, the 
greater proportion of those which did were atrophic (figs. 3 
and 4). This stood in contrast to the controls in which more 
of the hairs possessed large growing bulbs. 

Increasing the daily dose to  3mg  for the longer period of 
21 days resulted in still more impressive evidence of inhibition 
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of hair growth. In  the serial sections of the skin of the three 
animals in experiment 2 treated at  this dosage, in only one 
rat  (carbohydrate diet) did a rare follicle reach the panniculus 
adiposus and the few which did, possessed bulbs far smaller 
than those in the controls. I n  the other two treated rats, no 
follicles were found to  extend beyond the middle of the corium 
(fig. 2). I n  contrast, in all of the controls numerous follicles 
extended to the panniculus adiposus and many of these pos- 
sessed large bulbs (fig. 1). 

In  experiment 4 on the 3-mg daily dosage any doubt as 
to  the marked inhibitory effect of adrenocorticotropin on hair 
growth was removed. Re-growth of hair was observed grossly 
on these animals. Treatment with adrenocorticotropin had no 
apparent effect during the first two weeks of the experiment. 
However, at the end of three weeks there was intense inhibi- 
tion of hair growth in the treated rats as compared with the 
controls (figs. 13 and 14). During the third week, hair growth 
had occurred in the latter animals over almost the entire 
thoracico-lumbar region. In  contrast, only thin, sparse hair 
had grown in small arcas of the skin of each of the three 
adrenocorticotropin-treated rats. Macroscopic observation in- 
dicated that variation of the diet did not modify the inhibitory 
action of adrenocorticotropin on the growth of hair. 

Microscopic study of a strip of skin from one-half the 
circumference of the body in these rats offered confirmatory 
evidence of the markedly reduced rate of hair growth. In  the 
three controls, hair was growing throughout most of the strip 
as shown by the presence of many large active bulbs in the 
panniculus adiposus. This microscopic picture confirmed the 
previously described gross observations which were made on 
these animals. I n  contrast, two of the three treated rats were 
almost completely inactive with only an occasional hair bulb 
being found arid most of these were small and not surrounded 
by fat. I n  the third treated rat, the amount of inhibition was 
still very great but in this animal, hair was growing through 
about one-twentieth or less of the strip of skin. In  its control, 
growing bulbs were found almost throughout the entire strip. 
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I n  samples of skin taken from rats treated with adreno- 
corticotropin, epithelial buds presaging a period of active hair 
growth could be found at the end of some of the dormant hair 
follicles. These clusters of cells, however, appeared to be in 
an atrophic condition since the cells were small and nuclei 
densely packed (fig. 15). Additional evidence of inactivity is 
found in the absence of alkaline phosphatase in or  around 
such cells (fig. 17). Johnson, Butcher and Bevelander ( '45) 
demonstrated small amounts of this enzyme in the epithelial 
hair buds and large amounts in the surrounding connective 
tissue of growing hair in newborn rats. I n  our control speci- 
mens, growing epithelial buds showed intense phosphatase 
activity as did the surrounding connective tissue. As the 
epithelial buds expanded into large hair-f orming bulbs the 
enzyme was most concentrated in the connective tissue papilla 
and sheath of the follicle and, frequently, in the periphery of 
the epithelial part of the bulb (fig. 16). 

Sebaceous glands. Since sebaceous glands are of a holocrine 
type, their epithelial cells proliferate continuously in order to 
replace those which are converted into and secreted as drop- 
lets of oil. It might be expected that a growth-inhibiting sub- 
stance such as adrenocorticotropin would inhibit this pro- 
liferation and, thus, cause an atrophy of the gland. Some 
difficulty is attendant upon the determination of such effects 
since in any histological section of skin, the sebaceous glands 
normally vary in size and distribution. Therefore, only ex- 
treme changes are detected easily. It did seem clear that on 
the l m g  dosage no effect could be discerned in the size or 
number of these structures. However, in the small dorsal 
skin samples from rats on the 3- and 8-mg dosages, there was 
in all cases a variable reduction in size of the glands but it 
was not possible to be certain of a siginficant reduction in 
number although this was indicated in a few eases. Compari- 
son of figures 7 and 8 illustrates the maximum evidence of 
sebaceous gland atrophy which was obtained by such a sam- 
pling method. Study of the long strips of skin from the rats 
in experiment 4 indicated that the effect of adrenocortico- 
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tropin on tlie sebaceous glands was not as great as was de- 
duced from the earlier studies. I n  the treated animals one 
could find some glands of an approximately normal size even 
though, in general, they were probably somewhat smaller. 
Therefore, it is to be concluded that under the conditions of 
these experiments, the atrophy of the sebaceous glands in- 
duced by adrenocorticotropin did not compare with the 
changes induced in the epidermis or hair. The observation 
that considerable alkaline phosphatase activity was still evi- 
dent in these glands after treatment with the hormone (fig. 
17) further suggests that their function had not been sup- 
pressed greatly. 

Dermis. Adrenocorticotropin caused a variable increase in 
compactness of arrangement of the constituent collagenous 
fibers of the dermis which in most animals was very striking. 
This change seemed to be accompanied by a swelling of the 
collagenous fibers with a parallel reduction in the intervening 
tissue spaces (figs. 11 and 12) .  Mast cells as revealed by 
toluidine blue, were still present after treatment with adreno- 
corticotropin but were probably reduced somewhat in number. 

Elastic fibers in the control animals were most numerous 
in the upper one-third to one-half of the corium, around hair 
follicles and sebaceous glands and beneath the panniculus 
carnosus muscle. There was no significant change induced in 
then1 by adrenocorticotropin (figs. 9 and 10). However, in 
some treated rats the fibers may have been slightly more 
coarse as well as more concentrated around the hair follicles. 
The latter effect probably was incident to  the atrophy of the 
hair follicles. 

DISCUSSION 

In  an investigation of the relationship of the hypophysis 
and adrenal cortex to the regulation of growth, it is significant 
that in these experiments hypophyseal adrenocorticotropin 
caused a reduction in size of the epithelial int,egumentary 
structures which exhibit more or less continuous cellular di- 
vision, this atrophy being demonstrated by the epidermis, the 
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growing parts of hair and less significantly by the sebaceous 
glands. These observations extend the earlier ones of Moon 
('37) who reported a greatly retarded growth of hair over the 
shaved areas of immature gonadectomized rats injected with 
large doses of crude adrenocorticotropic extract. It would 
appear that these findings fit into the general pattern of 
growth inhibition which apparently follows treatment with 
adrenocorticotropin. All of the animals in this experiment 
which received injections of the hormone lost weight except 
those on the protein diet. Nevertheless, these latter rats gained 
less weight than their controls (Ingle, Prestrud, Li and Evans, 
'47). Adrenocorticotropin has been shown to  inhibit body 
growth (Evans, Simpson and Li, '43), proliferation of the 
epiphyseal cartilage (Becks, Simpson, Li and Evans, '44) and 
to  antagonize the action of the growth hormone (Marx, Simp- 
son, Li and Evans, '43 ; Becks, Simpson, Marx, Li and Evans, 
'44). Marx et al. ( '43) showed that diminished food consump- 
tion did not explain the growth inhibition caused by adreno- 
corticotropin. This factor was eliminated in our experiment 
by force-feeding the animals. It is also possible that sup- 
pressed cellular proliferation may be a factor in the profound 
atrophy of the thymus which we found to follow treatment 
with adrenocorticotropiii. 

In  the studies of Evans and his collaborators just cited, 
inhibition of growth did not ensue following treatment of 
adrenalectomized animals with adrenocorticotropin which 
demonstrates that this effect is mediated by the adrenal 
glands. It may be presumed that in our experiments the 
atrophy of the epidermis and its derivatives was brought 
about in a similar manner. Furthermore, urinalyses in these 
animals (Ingle, Prestrud, Li and Evans, '47) gives suggestive 
evidence as to the spccific steroids whose release hy the 
adrenal cortex may be stirnulat,ed by adrenocorticotropin. All 
of the rats treated with adreiiocorticotropin showed an in- 
creased non-protein nitrogen excretion and some of those con- 
currently fed high and medium carbohydrate diets exhibited 
glycosuria. Such effects are characteristic actions of the 11- 
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oxysteroids. Thus, it appears possible that adrenocortico- 
tropin caused the secretion by the adrenal cortex of C-11 
oxygenated steroids which in turn inhibited growth by pro- 
moting the catabolism of protein. Evidence for the inhibition 
of growth by these steroids will be summarized subsequently 
(Baker and Whitaker, this journal). 

The changes brought about in the connective tissue of the 
dermis by adrenocorticotropin raise an important question as 
to how this effect may be involved in the inhibition of growth 
of the epithelial structures in the skin. Is it possible that the 
primary effect of adrenocorticotropin is on the connective 
tissue and that the epithelial atrophy is secondary? One 
might expect that structural modification of the dermis could 
have impaired the nutrition of the epidermis, hair and se- 
baceous glands either by compression of the small blood vessels 
or by interfering with the functioning of the tissue fluid. A 
satisfactory evaluation of the state of the vascular bed by 
microscopic study of our preparations proved to be impossible. 
Apparent swelling of collagenous fibers is suggestive of a 
disturbance in the electrolytes of the tissue fluids. Ingle, 
Prestrud, Li and Evans ('47) observed an increased excre- 
tion of potassium in these rats to  be induced by adrenocortico- 
tropin. Some loss of sodium and chloride occurred during the 
first two days of treatment but this effect was not'regarded as 
significant. At the present time one cannot evaluate the 
proper place of connective tissue in the chain of events lead- 
ing to suppression of growth by adrenocorticotropin. 

The atrophy of the panniculus adiposus is significant in 
view of the fatty infiltration of the liver which occurred in 
those rats which were treated with adrenocorticotropin and 
fed a high carbohydrate diet (Baker et al., '48). In this re- 
port two possible explanations were offered for  the accumu- 
lation of fat in the liver : (1) interference with carbohydrate 
metabolism in the liver with conversion of the carbohydrate 
to fat and deposition of it in the liver and (2) interference 
with the transport of fat between the body depots and the 
liver. I f  the latter cxplanation is a factor in the accumulation 
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of fat in the liver after treatment with adrenocorticotropin, 
then the marked atrophy of this extensive depot (panniculus 
adiposus) becomes of utmost importance. 

The presence o r  absence of a well-developed panniculus 
adiposus must bear some relation to the growth status of hair. 
However, the exact nature of this relationship has not been 
clarified. Butcher ('34) concluded that the presence of a 
well-developed fatty layer is not prerequisite to the growth 
of hair. Nevertheless, he observed the resting condition of 
the hair to  be followed by a reduction in fatty content of the 
subcutaneous layer. It was his opinion that the presence of 
fat facilitated more rapid growth of hair. 

Finally, it seems that some of the characteristics of skin 
after treatment with adrenocorticotropin are similar to those 
of normal skin which is in a state of inactive hair growth. The 
reduction in the panniculus adiposus and the undeveloped 
state of the hair follicles fits into this category. However, the 
increased compactness of the dermis and atrophy of the epi- 
dermis appeared to be more extreme modifications than occur 
in the skin concurrently with the cessation of hair growth. 
Our procedures did not permit an analvsis of the triie nature 
of the connective tissue changes. 

SUMMARY 

Adult male rats were force-fed high carbohydrate, high fat, 
high protein or medium carbohydrate diets and treated with 
adrenocorticotropin at daily dose levels of 1 or 3mg for 21 
days and 8 mg for 10 days. As a result of treatment with this 
hormone, there occurred thinning of the epidermis, reduced 
growth of hair, an inconsistent reduction in size of the se- 
baceous glands, increased compactness of the dermal connec- 
tive tissue and reduction of the panniculus adiposus. Dosage 
and duration of treatment seemed to be important factors in 
eliciting these responses, the most marked effect being ob- 
tained with the 3-mg daily dose administered for 21 days. 
Variation of the diet did not modify the response to  the 
hormone. 
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PLATE 1 

EXPLANATION OF FIGURES 

The specimens illustrated in figures 1-4 were fixed in Bouin’s fluid, sectioned 
a t  10 fi, and stained with Harris hematoxylin and eosin. Panniculus carnosus 
muscle is at the left. Figures 1-12 are of skin samples removed from the back. 
x 28. 

1 Rat 1401, f a t  control. The thick epidermis possesses a rather regular sur- 
fxcc. Many large, growing hair bulbs reach the thick panniculus adiposus. X 28. 

2 Rat 1301, fat ,  3 mg ndreiiocorticotroTin per day for  21 days. The surface is 
“crinkly” and the epidermis is thinncr and of more variable thickness. No hair 
follicles reach below thc upper one-third of the dermis. The dermis is more dense 
and the panniculus adiposus is greatly reduced. X 28. 

3 Rat 1201, carbohydrate control. The characteristics a l e  similar to those 
illustrated in figure 1. X 28. 

4 Rat  1404, carbohydrate, 8 mg adreiiocorticotropiii per day for 10  days. The 
effects arc similar to  those shown in figure 2 except that  they are less marked. 
X 28. 
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PLATE 2 

EXPLAN4TION O F  FIGIJRES 

5 Rat 1204, c:~rbohydr:itc control. The epidermis is thick with stratum ycrniina- 
tivnm, grannlosuni aild corileum showing distinctly. An iridistilirt stratum lucidum 
i s  visible above tlie stratum gr:iiiulosuni. Tho kcratohynlin granules (black) of 
the latter layer are quite proniiuent. 6 p. Hcmatoxylin and eosin. X 464. 

Rat 1304, c:iibohydrnte, 8 nig :idreiiocorticotropin per day for 10  days. All 
strata of the epidrrmis are atiophic. Oiily a few small keratohyalin granules arc 
present in the stratum granulosum. Technique as  in figure 5.  

7 Rat 1401, f a t  control. The epidermis is thick and smooth. Sebaceous glands 
are large. 10  p. Hcmatoxylin aiid eosin. X 52. 

8 Rat 1301, fa t ,  3 m g  adienocorticotropin per day for 21 days. Surface is 
“crinkly I’ and the epidermis is generally thimicr and of variable thickness. 8c 
1)aeeous glands arc atrophic. Col1:igenous fibers of tlie dermis arc swollen. Trch- 
niqw :IS in figure 7. 

The black lilies in t l ~  detniis : I ~ P  elastic fibrrs. 
Weigert ’s resorcin fuchsiii with 110 counterstaiii. 

Ra t  801, protein, 1 m g  adrcnocorticotropin per day for 21 days. There is 
no significant change in the elastic fibers. Technique as  in figure 9. 

Rat 1401, f a t  control. Sharply drfincd collngcnous fibers :ire illustrated in  
the dermis with definite tissue spaces bct\veen them. A few of these spaces are 
widened further by technical distortion. 10 p. Hematoxylin and eosin. X 140. 

Rat 1301, fa t ,  3 mg adrenocorticotropin per day for 2 1  days. This area was 
selected from the same depth in the dermis as that  shown in figure 11 and shows 
the increased compactness of the dermis with apparent swelling of collagenous 
fibers. Some of these spaces are also artefacts. Technique as  in figure 11. 

6 

9 

10 

11 

R a t  701, protein coiitrol. 
x 112. 
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PLATE 3 

EXPLANATION OF FIGURES 

All illustrttioris 011 this plate arc of rats fed a medium carbohydrate diet. 
13 Rat 18003, control; photograph taken a t  the termination of the experiment. 

General growth of hair had occurred during the third week of the experiment. 
14 Rat 17003, 3 mg of adrenocorticotropin daily for 21 days. Growth of hair 

had been suppresscd nlniost completely during the third week of treatment. 
15 Rat 15005, 3 m g  of adrenocorticotropin daily for 21 days. The epithelial 

bud (arrow) is composed of small densely packed nuclei. This illustrates the 
stage in which growth of hair was nrrestcd by the hormone. 10 p. Hcmatoxylin 
and cosin. X 480. 

Rat  16004, control. The upper arrow points to  a. growing hair bulb with a 
central conneeti) e tissue papilla, both the papilla and epithelium giving an in- 
tensely positive reaction for  alkaline phosphatase. The lower arrow points to  two 
smaller hair buds which are likewise positive. 10  p. Gomori alkaline phosphatase 
procedure, &-hour incubation, pH 9.4, sodium barbital buffer. X 136. 

Rat  15005, 3 m g  adrcnocorticotropin daily for 21  days. Epithelial buds 
(arrows) are practically negative for  alkaline phosphatase. The periphery of the 
sebaceous gland in the center is  positive. Technique as for  figure 16. 
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