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The prolonged daily application of adre- 
nocortical extract or cortisone induces pro- 
found histological alterations in the skin of 
rats. These changes are limited to the 
area of treatment (Baker and Whitaker, 
'48; Castor and Baker, '50) and are par- 
ticularly impressive in males. They in- 
clude ( a)  cessation in growth of hair, (b) 
thinning of epidermis, with reduction in 
size and flattening of epidermal cells, (c) 
thinning of the dermis with disappearance 
of subcutaneous fat, (d) compaction of 
dermal collagenous fibers, (e) injury to cel- 
lular components of the dermis, especially 
those in a superficial location, and ( f )  
reduction in size of sebaceous glands. In 
addition, adrenocortical hormones by local 
action facilitate the spreading action of 
hyaluronidase (Hayes, Reed and Baker, 
'50), inhibit granuloma formation (Meier 
et al., '50; Baker and Whitaker, '50; Baker, 
'54), and suppress the inflammatory re- 
action. These studies demonstrated the 
remarkable capacity of adrenocortical com- 
pounds to alter normal histology of cutane- 
ous tissues by direct action. Few attempts 
have been made to define more precisely 
the influence of adrenocortical hormones 
on the chemistry of cells in situ when this 
action is exerted locally and, thus, is not 
complicated by the profound metabolic al- 
terations which these agents elicit after 
systemic administration. 

The recent refinement of histochemical 
technics for the localization of oxidative 
and hydrolytic enzymes within cells indi- 
cates that these procedures might be used 
effectively in combination with local treat- 
ment with adrenocortical steroids to gain 
information concerning the manner in 
which steroid hormones modify cellular 
chemistry. The introduction of nitro-blue 
tetrazolium in particular has made pos- 
sible a much more precise localization of 

oxidative enzymes (Nachlas et al., '57). 
Hence, the objective of this investigation 
is to observe some of the cytochemical 
changes which occur in various types of 
cutaneous cells following the application 
of cortisol to the skin. Since little informa- 
tion is available concerning the local histo- 
logical effects of analogs of cortisol, 
prednisolone (A'-dehydrohydrocortisone) 
was studied also. 

MATERIALS AND METHODS 
At the beginning of the experiment, 

hair was clipped from the dorsum of the 
neck of adult male Long-Evans or Sprague- 
Dawley rats in an area lying between the 
midlateral lines of the neck and extending 
longitudinally from the base of the ears 
to the middle of the scapulae. Seventy- 
eight Long-Evans rats with an average 
body weight of 314 gm were divided 
equally between cortisol- and alcohol- 
treated groups in 6 experiments, alcohol 
being used as solvent for the hormones. 
Eighteen Long-Evans and 6 Sprague- 
Dawley rats were arranged similarly for 
study of prednisolone. 

Crystalline cortisol4 and prednisolone 
were dissolved in 25% ethanol at a con- 
centration of 1 mg per ml. One-tenth 
milliliter of the solvent 25% ethanol or of 
the hormone was applied twice daily to an 
area just caudal to the right ear according 
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to the procedure described previously 
(Whitaker and Baker, '48). Graphic rec- 
ords of the hair growth pattern were made 
and the hair clipped at weekly intervals. 
Suppression of hair growth made it pos- 
sible to evaluate the effectiveness of the 
treatment. Treatment was continued for 
61 to 140 days. 

At termination of the experiment, sam- 
ples of skin were removed from both the 
treated area on the right side of the neck 
and from the left nontreated side. Thus, 
each animal receiving the hormone served 
as its own control. Excision of skin sam- 
ples from similar areas on alcohol-treated 
rats made possible the detection of any 
effects which might have been induced by 
the solvent alone. 

From each area under study, one strip 
of skin was fixed in chilled picric-alcohol- 
formalin (PAF) and sections of it were 
stained subsequently with periodic acid- 
leucofuchsin (PAS) and counterstained 
with Harris' hematoxylin, methylene blue 
(citric acid-sodium phosphate buffer, pH 
5.8) or azure 11. Another strip was frozen 
at approximately -80°C and sectioned at 
6 CI in a Cryostat at -18°C. The sections 
were flattened on coverslips by warming 
and air-dried for 10 minutes before incuba- 
tion. They were then stained for alkaline 
phosphatase (AP) (Gomori, '52), nonspe- 
cific esterase (NSE) (Gomori, '52) using 
alpha naphthyl acetate as substrate and 
Diazo Red RC as the coupling agent, suc- 
cinic dehydrogenase (SD) (Farber and 
Bueding, '56), diphosphopyridine nucleo- 
tide diaphorase (DPND) (Scarpelli, Hess 
and Pearse, '58), lactic dehydogenase 
(LD) (Hess, Scarpelli and Pearse, '58) 
and cytochrome c oxidase (CO) (Burstone, 
'59a). All incubations were carried out at 
37°C without stirring. Sections for SD 
were incubated for 30 to 60 minutes; for 
LD and DPND, 5 to 30 minutes; for CO 
and for NSE, 20 minutes; and for AP, 4 
hours. Following incubation, fat was re- 
moved from the sections prepared for NSE 
by immersion in acetone for 10 minutes. 
The DPND and LD preparations were im- 
mersed for 10 minutes in 10% ethanol to 
remove excess dye. Before mounting with 
glychrogel, all sections except those for 
SD were fixed for 10 minutes in 10% 
buffered formalin. 

Control sections were run with all re- 
actions with the specific substrate being 
omitted. In all  cases no staining occurred. 
In addition 0.003M oxalic acid was used 
as an inhibitor for DPND by immersing the 
section in it for 10 minutes at 5°C before 
incubation in the substrate. 

OBSERVATIONS 
In comparing skin which had been 

treated with a hormone or alcohol with 
nontreated specimens, special attention 
was given to the status of hair growth in 
the control sample since the thickness of 
the epidermis is often greater in an area 
of active hair growth as compared with in- 
active regions. This correlation has been 
described for the mouse (Chase et al., '53). 
Since adrenocortical steroids suppress 
growth of hair in the area of treatment, it 
was necessary to compare treated skin with 
those control areas in which hair was not 
growing. 

Microscopic sections stained with PAS 
and hematoxylin or azure I1 revealed that 
prednisolone (figs. 1 and 2)  elicited re- 
sponses identical with those of cortisone or 
cortisol as summarized previously. 

In the following summary of the cutane- 
ous changes induced by hormones, com- 
parisons are made between the right 
treated side of the neck and the left non- 
treated side. Treatment with alcohol alone 
did not modify the skin significantly. LD 
and CO were studied only after cortisol; 
the other enzymes were observed after 
both cortisol and prednisolone therapy. 

In all samples of skin from 
areas not treated with hormone, the 
NSE procedure revealed granular dye de- 
posits throughout the stratum germina- 
tivum (fig. 6). Especially prominent were 
scattered cells in the basal layer which 
were intensely reactive. The cells extended 
also into the outer epithelial sheath of the 
hair follicle (fig. 4). They were more 
common in the pigmented Long-Evans 
strain than in albino Sprague-Dawley rats. 
Study of sections fixed in PAF failed to 
reveal the identity of these cells. 

SD and CO reactions were similar in 
several respects. The dye deposits were in 
the form of fine bodies of variable size (fig. 
3). Both reactions were erratic, being pres- 
ent in some parts of the section and absent 

Epidermis. 
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in others. The stratum germinativum was 
stained similarly and intensely by the 
DPND (fig. 10) and LD (fig. 12) pro- 
cedures. The purple formazan deposits, 
in the form of granules and rods, were 
darkest and most concentrated in the basal 
layer. In larger cells toward the surface 
they were more diffusely distributed and of 
a lighter color. Although these deposits 
assumed the form and concentration of 
mitochondria, in portions of some basal 
cells more dye was present than could be 
accounted for with LD by staining of mito- 
chondria only. In addition, a diffuse light 
red stain was imparted to the cytoplasm 
of the deepest cells. No AP was observed 
in the epidermis. 

Following treatment with cortisol or 
prednisolone, the sites of dye deposit with 
the NSE procedure were usually more 
sparsely distributed (fig. 7), which in view 
of the concurrent reduction in size of epi- 
dermal cells indicated a fall in activity 
per cell. Most impressively, the localiza- 
tion of high activity in isolated cells of the 
basal layer was no longer present, indi- 
cating either elimination of a cell type from 
the epidermis or a much more profound 
loss of demonstrable enzyme activity in 
isolated cells as compared with other epi- 
dermal cells. 

The epidermal cells in skin treated with 
adrenocortical hormones usually exhibited 
a small reduction in the concentration of 
intracellular formazan with DPND (fig. 
11). Because the epidermis was thinner 
and its constituent cells smaller, the total 
activity of the epidermis was depressed. 
The change in LD followed a similar pat- 
tern (fig. 13). Because of irregularity in 
the SD and CO reactions, evaluation of the 
overall status of these enzymes could not 
be made. In those specimens which were 
adequate, the cells of the stratum germina- 
tivum showed SD and CO activity com- 
parable to that in nontreated areas. 

In skin not treated with 
hormones, the external root sheath re- 
sembled the epidermal stratum germina- 
tivum in its response to the various enzyme 
reactions (figs. 4 and 10) with the follow- 
ing exception. The basal epidermal cells 
which stained intensely for NSE were 
found only in that part of the sheath above 
the sebaceous glands. The reactions for 

Hair follicles. 

SD and CO were obtained more regularly 
than in epidermis, especially in the exter- 
nal epithelial sheath deep to the sebaceous 
glands in growing follicles. The epithelial 
hair papillae were intensely active in AP 

Treatment with cortisol or prednisolone 
resulted in a profound involution of the 
external epithelial sheath. In fact, it 
seemed probable that many follicles dis- 
appeared completely since extensive re- 
gions observed in microscopic sections of 
treated skin were devoid of hair follicles. 
All the oxidative and hydrolytic enzymes 
studied exhibited a depletion which paral- 
lelled the extent of cellular atrophy (fig. 
11). Some activity of all enzymes re- 
mained as long as sheath cells were pres- 
ent. The epithelial hair papillae were held 
dormant by hormone treatment. If struc- 
turally identifiable, they still revealed the 
presence of AP. 

Sebaceous glands. Sebaceous glands in 
nontreated skin were stained intensely by 
the NSE (fig. 4), DPND (fig. 11) and LD 
procedures. With the latter two methods, 
variable types of staining were obtained. 
First, there were fine granular and rod- 
shaped bodies which were probably mito- 
chondria. Second, a diffuse red stain was 
imparted to the background cytoplasm. 

Finally there were large clumps and 
crystals of stain most of which appeared to 
be formed by solution of formazan in 
sebum. The largest clumps were found 
at the mouth of the gland where formation 
of secretion was most nearly complete. 
This conclusion was supported by brief 
treatment of the section with acetone prior 
to incubation to remove sebum. These 
large masses were then absent while the 
remainder of the staining capacity of the 
gland was not completely destroyed. With 
SD small granules were evident peripher- 
ally and coarse clumps of dye centrally. 
The latter may have resulted from accumu- 
lation of reduced formazan in sebum. No 
precise localization was obtained for CO. 

In hormone-treated skin the profound 
atrophy of sebaceous glands inevitably re- 
duced the total amount of SD, DPND and 
LD activity. However, the small glands 
which remained still stained with an in- 
tensity comparable to that of nontreated 
skin (fig. 11).  The reaction for NSE dif- 

(fig. 8) .  
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fered from the responses to all other proce- 
dures in that a suppression of activity oc- 
curred apart from atrophy of the gland. 
Thus, the glands in treated skin stained 
less intensely than those from nontreated 
areas (fig. 5). However, the secretion con- 
tained in the gland at its mouth was un- 
changed in its staining intensity. These 
observations indicate that hydrolytic activ- 
ity is present in sebum, that the rate of its 
formation in sebaceous glands is sup- 
pressed by the action of adrenocortical 
steroids, and that this effect occurs inde- 
pendently of cellular involution. The con- 
centration of AP in the adjacent connective 
tissue was not altered noticeably (fig. 9). 

Dermis. The free cells of dermis in non- 
treated skin were highly active for NSE, 
DPND (fig. lo) ,  LD and usually CO. In 
most preparations SD was not revealed 
consistently. Accurate identification of 
cell types was impossible but the stellate 
shape of most cells suggested that the 
majority were fibroblasts. The endothelium 
of the subepidermal capillaries was active 
in NSE, DPND (fig. 10) and LD (fig. 12). 
So much AP was present in the capillary 
wall that structure was obscured by the 
cobalt sulfide deposits (fig. 8). The arrec- 
tor piIi muscle was highly active in NSE 
(fig. 4), SD, CO, DPND (fig. 10) and LD. 

Hormone treatment resulted in extensive 
atrophy and often complete disappearance 
of free cells in the superkial portion of the 
dermis (figs. 5 and 11). However, insofar 
as could be determined from these prepara- 
tions the enzymes remained as long as cells 
were present. Enzyme activity was un- 
changed in the capillary wall (figs. 9 and 
11) and cells of the arrector pili muscle 
(figs. 5, 11 ), although the latter structures 
were often considerably smaller than in 
nontreated skin. 

DISCUSSION 

The localization of enzymes 
The relationship of the intracellular 

formazan deposits to mitochondria follow- 
ing reactions which are dependent on 
mitochondrial enzymes is not entirely 
clear. SD and CO are recognized generally 
to be located in mitochondria (Dixon and 
Webb, '58) and to participate in the suc- 
cinic oxidase system (Pearse, '60). The 

formazan resulting from SD activity and 
the staining by the CO procedure appeared 
as h e  granules or rods of similar distribu- 
tion in the epidermis, external sheath of 
the hair follicle and arrector pili muscle. 
However, in the dermal connective tissue 
cells, SD was rarely demonstrated but CO 
was regularly present. SD was always re- 
vealed in sebaceous glands but only non- 
specific diffuse staining was seen with the 
CO procedure. With SD (Scarpelli and 
Pearse, '58) and CO (Burstone, '59b) it 
appears highly probable that the dye is 
deposited either within or on mitochondria. 
Certainly the size and number of dye de- 
posits are similar to those of mitochondria 
in the cells in question. 

The distribution and intensity of stain- 
ing obtained with the DPND and LD re- 
actions were remarkably similar, suggest- 
ing that the distribution of the diaphorase 
may be the limiting factor in the LD re- 
action. In both cases mitochondria were 
stained. This is somewhat unexpected 
with LD because biochemical analysis of 
cellular fractions indicates that this en- 
zyme is found in the supernatant (Dixon 
and Webb, '58). However, the DPND re- 
action is regarded as being superior to the 
common cytological methods for demon- 
strating mitochondrial morphology (Scar- 
pelli, Hess and Pearse, '58). 

In the epidermis more formazan was de- 
posited in some basal cells with the DPND 
and LD procedures than could be ac- 
counted for by direct staining of mito- 
chondria alone. Furthermore, background 
cytoplasm was stained with red formazan, 
especially with the LD technic. The en- 
zymatic significance of this type of stain- 
ing reaction is not yet understood (Nach- 
las et al., '57). DPND and LD might be 
moved from mitochondria to cytoplasm as 
a result of injury from freezing and thaw- 
ing. Since evidence derived from biochem- 
ical analysis of cell fractions shows that 
DPND is present in the microsomal frac- 
tion (Kuff and Dalton, '59) and LD in the 
soluble fraction (Dixon and Webb, '58), 
staining of extramitochondrial cytoplasm 
would be expected. 

Epidermis. The demonstration of SD 
in the epidermis of the rat with histo- 
chemical procedures has proven difficult. 
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Pearson ('58) and Rutenburg et al. ('53) 
did not observe activity, and Padykula 
('52) used sections too thick for precise 
localization. Nachlas et al. ('57) found 
a weak reaction in the basal layers. In 
this study SD was present in the stratum 
germinativum of sections 6 p thick, the 
formazan appearing as fine granules. 
Nevertheless, we were unable to control 
the reaction sufficiently to consistently 
demonstrate the enzyme throughout all of 
the epidermis in a section. 

Relation to hormone action 
Available biochemical evidence derived 

from the analysis of subcellular fractions 
and intact cells indicates that the action 
of steroid hormones, including those of 
the adrenal cortex, is to inhibit oxidation 
especially if the steroids are applied in 
high concentrations. Thus, steroid hor- 
mones are potent inhibitors of enzymes 
involved in the oxidation of DPNH 
(Hayano, Dorfman and Yamada, '50; 
Yielding and Tomkins, '59). Corticoster- 
one inhibits oxidation of DPNH at the 
point of cytochrome c reductase rather 
than the DPN diaphorase; cortisol acts 
similarly but is less potent (Jensen, '59). 
Cortisol appears to suppress the action of 
DPN-linked mitochondria1 dehydrogenases 
by increasing the permeability of the mito- 
chondrial membrane which results in 
leaching of DPN from the mitochondria 
(Gallagher, '58). Generally, succinate oxi- 
dation has not been inhibited by cortisol. 

These and other observations suggested 
the possibility that histochemical technics 
might make possible the detection of inter- 
ference with oxidative processes by adreno- 
cortical steroids. Yielding and Tomkins 
('59) have suggested that the growth 
inhibiting actions of adrenocortical ster- 
oids, which are so dramatically demon- 
strated by the response of cutaneous 
tissues, could result in part from the 
inhibitory action of the hormones on 
oxidative functions. However, in this 
study no change was observed in the 
oxidative enzymes which could be divorced 
from general atrophy of the tissue in 
question. The experiment was not de- 
signed to reveal whether a change in 
oxidative enzyme activity preceded struc- 
tural atrophy. Only in the case of the 

hydrolytic NSE in the sebaceous gland 
was a suppression of activity demonstrated 
apart from involution of the tissue in 
question. 

The destruction of connective tissue 
cells by local action of cortisol and pred- 
nisolone emphasizes the extreme sensi- 
tivity of these cells to high levels of adreno- 
cortical hormones as compared with other 
cellular components of the skin. 

SUMMARY 
Nonspecific esterase, alkaline phospha- 

tase, DPN diaphorase, lactic dehydrogen- 
ase, succinic dehydrogenase and cyto- 
chrome c oxidase were studied in the skin 
after prolonged local application of corti- 
sol or prednisolone twice daily. Nonspe- 
cific esterase was reduced in sebaceous 
glands. Total DPN diaphorase and lactic 
dehydrogenase activities were reduced in 
epidermis coincident with thinning of this 
structure. These enzymes, in addition to 
succinic dehydrogenase and cytochrome c 
oxidase, remained active in the smaller 
cells of the treated epidermis. Nonspe- 
cific esterase, DPN diaphorase, lactic de- 
hydrogenase and cytochrome c oxidase 
were depleted from connective tissue cells 
and the external epithelial sheath of the 
hair follicle as they underwent involution 
due to hormone action. 
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PLATE 1 

EXPLANATION OF FIGURES 

Abbreviations: A, arrector pili muscle; S, sebaceous gland; C, capillary; P, papilla of hair 
follicle; F, external sheath of hair follicle. 

Skin from left nontreated side of neck. PAF fixation, PAS and hematoxylin stain. x 110. 

Skin from right side of the neck of the rat illustrated in figure 1. Treated with pred- 
nisolone for 99 days. The epidermis is somewhat thinner and the dermis is more com- 
pact with fewer cells. The panniculus adiposus is wiped out. Technic and magdcation 
as for figure 1. 

Epidermis from the left nontreated side of a rat which received alcohol for 124 days. 
SD is revealed by the disposition of formazan chiefly in the basal cells. X 720. 

Skin from the left side of a rat which is illustrated also in figure 5. Sebaceous glands 
(S)  are stained intensely with the NSE procedure. Epidermis, external epithelial 
sheath of the hair follicle (F), arrector pili muscle (A), and scattered cells of the 
dermis are stained. Note scattered intensely stained cells (arrow) of the epidermis 
and hair follicle. X 120. 

Skin from right side of the rat illustrated in figure 4, treated with cortisol for 75 days. 
In the centrally located sebaceous gland (S) esterase is reduced in the glandular 
epithelium but remains intense in the secretion at the opening of the gland. Some 
enzyme remains in follicular sheaths, intensely stained cells are gone from the epi- 
dermis and follicle, and the arrector pili muscle (A)  is unchanged. The two dense 
masses at the upper left could not be identified and were unusual. Technic and mag- 
nification as for figure 4. 

An area of epidermis and dermis from the section illustrated in figure 4. Esterase in 
the epidermis and some intensely active cells are shown. X 240. 

An area from the section shown in figure 5. Total esterase is somewhat lower in the 
epidermis and intensely stained cells are no longer evident. Subepidermal connective 
tissue cells are less evident. Technic and mrgnification as for figure 6. 
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PLATE 2 

EXPLANATION OF FIGURES 

8 An AP preparation of skin from the left side of a rat treated for 65 days with pred- 
nisolone. Intense activity is revealed in capillaries (C) ,  sebaceous glands (S)  and the 
papilla of the hair follicle ( P ) .  x 140. 

AP preparation from the right, treated side of the rat illustrated in figure 8. A hair 
papilla is not recognizable, but AP is not changed significantly in any other structure. 
Technic and magnification as for figure 8. 

DPND preparation from the left side of a rat treated with cortisol for 78 days. The 
reaction is strong in epidermis, subepidermal capillaries (C), dermal connective tissue 
cells, follicular sheaths (F), sebaceous glands ( S )  and arrector pili muscles (A) .  x 110. 
DPND preparation from right side of the rat illustrated in figure 10. DPND is reduced 
in the epidermis and follicles, and is less evident in dermal connective tissue cells. 
It remains active in arrector pili muscles (A)  and in the smaller sebaceous glands (S). 
Technic and magnification as for figure 10. 

12 LD preparation of epidermis from the left side of rat illustrated in figure 13. The 
epidermis is unusually thick because this specimen was taken from an area of active 
hair growth. In the epidermis LD is most concentrated in the basal cells. Some back- 
ground staining is present. Mitochondria are stained clearly in the epidermis. Connec- 
tive tissue cells and dermal capillaries (C) are active. X 720. 

LD in skin from the right side of the rat illustrated in figure 12, treated with cortisol 
for 140 days. As compared with the left side, the epidermis is thinner, the basal cells 
are smaller and less LD is evident. This epidermis is thinner than in areas where hair 
is not growing. Subepidermal capillaries ( C )  and the arrector pili muscle ( A )  remain 
quite active. X 720. 

9 

10 

11 
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