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The adrenal gland plays a major role in
hormonal control of the connective tissue(1).
Considerable information is available con-
cerning the effect of cortisone upon the histo-
chemistry of this tissue(2,3). Chemically,
Layton(4) has shown that rate of synthesis
of chondroitin sulfate was inhibited by mas-
sive doses of cortisone, while Sobel et al.(5,6)
have reported that large doses of hormone re-
sulted in a decrease in dermal hexosamine,
but had no effect upon dermal collagen con-
tent.

Using a sequential extraction procedure
for chemical dissection of connective tissue
into ground substance, neutral and acid sol-
uble collagen, and insoluble collagen(7), this
paper describes the effect of both deoxycorti-
costeroid (Doca) and hydrocortisone (corti-
sol) administration upon the chemistry of
rat skin. These results were obtained using
rats of 3 different weights; 150, 270 and 370
g representing young, mature and aged ani-
mals respectively(8).

Materials and methods. 'Three groups of
18 male Sprague-Dawley rats each weighing
an average of 150, 270 and 370 g were em-
ployed. Six animals from each group were
injected daily for 7 days with 3 mg/kg body
weight subcutaneously of cortisol (Cortril, C.
Pfizer & Co.); another 6 animals from each
weight group were injected similarly with 3
mg/kg of Doca (Organon); the remaining
animals were used as normal controls. All
animals were sacrificed on the seventh day
and about 2 g of abdominal skin from each
animal were shaven, removed, dissected free
of adhering fat, muscle and fascia, and
minced. Aliquots from each tissue sample
(0.5 g) were hydrolysed in 4N HCI for 8
hours at 100°C. The cleaned skin remaining
from each group of 6 rats was pooled and se-
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quentially extracted in duplicate with 0.15M
NaCl, 0.5M NaCl and 0.50M citrate buffer
(pH 3.6) in the cold as described previously
(7). These extracts were also hydrolysed in
4N HCIl. The hydrolysates of both extracts
and whole skin were analysed in triplicate for
their hydroxyproline(9), hexosamine(10)
and nitrogen(11) concentration as a meas-
ure of the collagen(12), ground substance
(13) and protein content of the skin, respec-
tively. These results were expressed as the
ratio of the mean hexosamine of hydroxypro-
line content (in umoles) per mmole of total
dermal nitrogen of each group of animals, to
minimize the changes in dermal water and
fat produced by hormone administration.

Experimental and results. Analyses of the
saline soluble components of rat skin 7 days
after starting either daily cortisol or daily
Doca administration are shown in Table I
with the results obtained from normal ani-
mals of a similar weight. These results indi-
cate that both hormones produce a decrease
in ground substance (ratio of hexosamine to
nitrogen in the 0.1M NaCl extract) except in
the aged animals. Isotonic soluble hydroxy-
proline/nitrogen was increased with Doca ad-
ministration only in the aged animal, while
both hormones produced decreases of this
material in younger animals. The increase
in hydroxyproline/nitrogen ratio of the iso-
tonic extracts of the skin of aged animals
with Doca was the only difference in the der-
mal chemical effects of this hormone as com-
pared with cortisol.

Both the hydroxyproline and hexosamine
to nitrogen ratios in the 0.5M NaCl extracts
were decreased below normal with both hor-
mones in animals of all 3 weights studied.

Analyses of both the citrate buffer soluble
and the insoluble components of the skin of
rats after either cortisol or Doca administra-
tion are shown in Table II. These results
show that only with the older animals did



DErMAL RESPONSE To HORMONES, AGE 75

TABLE I. Effect of Age upon Dermal Chemical Response to Adrenal Hormones (Saline Sol-
uble Components).

0.15M NaCl 0.50M NaCl
Wt, g Hex/Nt Hypro/Nt Hex/N't Hypro/N+t
150 Normal 1.90 1.0 74 3.51
Cortisol 87% 1.10* .61 2.90
Doca 50%* .85% 25% 1.23%
270 Normal .96 1.05 37 4.00
Cortisol 47* 20* 27* 1.00*
Doca A48 .34% .33 2.60*
370 Normal .43 .70 .38 2.51
Cortisol 50* .38% .26% .38*
Doca 53* 1.00* 29% 1.06*

* Significantly different from normal (p <.05).
t Hex = pmoles hexosamine; Hypro =: ymoles hydroxyproline; N — mmoles nitrogen.

both hormones result in appearance of citrate
soluble hexosamine. Animals of all 3 weights
demonstrated an increase in citrate soluble
collagen with cortisol. Doca was less effec-
tive in this regard than cortisol, and with in-
creasing body weight, this hormone became
even less active than cortisol until, in the
aged animal, Doca resulted in a decrease in
dermal concentration of citrate soluble col-
lagen.

The insoluble hexosamine content of the
skin from young animals was increased only
with administration of Doca. With older
animals, both hormones resulted in an in-
crease in this material in the skin. Insoluble
collagen was decreased by both hormones in
all 3 weight-ranges of animals studied.

The percent changes from normal with re-
spect to total dermal hexosamine and hy-
droxyproline to nitrogen ratios induced by
cortisol or Doca in young (150 g), mature
(270 g) and aged (370 g) animals are shown

in Table III. These data indicate that al-
though both hormones produced qualitatively
similar changes in dermal chemistry, these
changes were quantitatively different. Fur-
ther, Doca and cortisol produced quantita-
tively different effects upon soluble collagen
concentration only in the skin of aged rats.

With increasing age, the total hexosamine
to nitrogen ratio in rat skin responded dif-
ferently to administration of both cortisol
and Doca. Total dermal collagen concentra-
tion was increasingly depressed from normal
with increasing age in response to both corti-
sol and Doca administration. In either young
or mature animals, both hormones decreased
the dermal concentration of ground sub-
stance. In the aged animal, however, both
cortisol and Doca resulted in an increase in
ground substance.

Except for the obverse effect of Doca in
the aged animal, both hormones decreased
the neutral soluble collagen and increased the

TABLE II. Effect of Age upon the Dermal Chemical Response to Adrenal Hormones (Citrate
Soluble and Insoluble Components).

0.50 citrate Insoluble
Wt, g Hex/Nt Hypro/Nt Hex/Nt Hypro/Nt

150 Normal 0 2.7 0 28.5
Cortisol 0 4.3% 0 21.0*
Doca 0 4,0* .83* 24.5%

270 Normal 0 1.6 .60 41.5
Cortisol 0 5.1*% 1.30* 28.0*
Doea .30% 4.2* 1.00* 28.1%

370 Normal 0 3.4 .65 47.0
Cortisol .33*% 5.0* 1.00* 26.1*
Doca 27* 1.7* 1.08* 30.0%

* Significantly different from normal (p <.05).
Hex — ymoles hexosamine; Hypro — gmoles hydroxyproline; N — mmoles nitrogen.
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TABLE ITL. Percent Changes from Normal in Dermal Chemistry with Hormone Administration
in Young, Mature and Aged Rats.
Hormones
Cortisol Doca
Young Mature Aged Young Mature Aged
Total: Hex/N - 42 0% 4+80* -39 0* 4-40%t
Hypro/N - 20 - 29% . 41* -16 - 26*% - 36*%
1531 NaCl Hex/N -a2 - 5l +-25% - 73t - 50% 425*%
Soluble Hypro/N: .5M NaCl - 42 - 80* -46 -55t ~ 67*t 4-43*%t
.5 citrate + 59 +210% 447 +48t 4163*t —50*%
Insoluble Hypro/N - 26 - 33 - 45*% —-14t - 33* -36

* Significantly different from effect in the previous age group (p <.05).
t Significantly different from effect produced by cortisol in a similar age group (p <.05).

citrate soluble collagen concentration of the
skin from animals of all 3 ages. Finally.
both hormones were increasingly effective
with age, decreasing the dermal concentra-
tion of insoluble collagen.

Discussion. With the exception of the
aged animal, both cortisol and Doca pro-
duced remarkably similar effects upon the
chemistry of rat skin. In view of the pri-
mary mineralocorticoid effect of Doca, the
similarity of effects produced by cortisol and
Doca suggests either a hitherto unknown
property of Doca or that changes in electro-
lytes and water eventually have profound
consequences upon the metabolism of the
connective tissue. Since the data reported
above were based on nitrogen content of the
skin, it would seem unlikely that these
changes in dermal chemistry with cortisol or
Doca would result directly from changes in
tissue water content.

The primary effect of adrenal hormones
upon the chemistry of the skin is to decrease
total and insoluble dermal collagen concen-
tration. Changes in total hexosamine and
ground substance with hormone administra-
tion seem to depend largely upon the age of
the animal. Presumably this represents
either the synergistic or antagonistic activi-
ties of various sex and growth hormones with
adrenal hormones acting upon the connective
tissue or changes with ageing in responsive-
ness of the connective tissue itself to these
hormones.

Sobel et al.(5,6) found that cortisone was
without effect upon collagen content of rat
skin. In young animals, such as this group
employed in their studies, collagen concentra-

tion decreased 20%. Either these workers
could not analytically determine a change in
dermal collagen concentration of this magni-
tude, or the large doses of drug employed by
them over a long period of time resulted in
a different response to cortisone. Qur data
and those reported by them with respect to
both dermal hexosamine loss and decrease
in hexosamine to collagen ratios with cortisol
administration are essentially in agreement.

Both Doca and cortisol resulted in a de-
crease in neutral soluble and insoluble colla-
gen and an increase in citrate soluble collagen
in young or mature animals only. Quantita-
tively these changes in dermal collagen are
remarkably similar to those produced in un-
injured skin distant from the site of local in-
jury(11,14). Perhaps these changes with local
inflammation proceeded vie the trauma of in-
jury and consequent release of minute
amounts of adrenal hormones. This work on
inflammation was performed only on mature
animals, and no changes in total hexosamine
with local injury were either found(14) or
should be expected from the data on Table
III. If adrenal hormonal mechanisms are
involved in this “‘distant dermal collagen re-
sponse to local inflammation”(14,15), then
inflammation in young or aged rats should
result in either a loss or an increase in hex-
osamine concentration of the uninjured skin
(Table III) respectively.

Summary. Both cortisol and Doca simi-
larly affect the chemistry of the connective
tissue in that they result in a decrease in to-
tal and insoluble collagen concentration of
rat skin. The effects of these hormones upon
rat skin are profoundly altered by the age
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of the animal. The aged rat demonstrates a
considerably different dermal chemical re-
sponse to cortisol and particularly Doca than
does either the young or the mature animal.

The authors wish to acknowledge the assistance
of Jean E. Johnston.
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Among various species there are widely dif-
fering effects of a dietary lack of Vit. E, the
most common manifestation of which is mus-
cular degeneration. Morgulis and Spencer
(10) found evidence for a factor in alfalfa
or whole wheat germw which was necessary for
preventing muscular dystrophy in the rab-
bit in addition to a fat-soluble factor (Vit.
E). MacKenzie and McCollum(9) reported
that Vit. E alone was capable of preventing
this deficiency syndrome. A lack of many
other nutritional factors has also been impli-
cated in producing muscular dystrophy;
among them are choline(6,8), potassium(7),
phosphorus(13), Vit. C(4), Vit. Bg(3), and
selenium(11,12), Other factors have been
shown to increase the severity, such as iodide
(1) and even exercise. Differences in these
factors could explain the contradictory evi-
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dence presented by Morgulis and Spencer
(10) and by MacKenzie and McCollum(9).

Methods. Two experiments were indepen-
dently conducted at the Ontario Agricultural
and Veterinary College and at Cornell Uni-
versity. The objectives of each were to de-
termine the effect of alpha tocopherol and
selenium upon incidence of muscular dystro-
phy in the rabbit. In addition, the Cornell
experiment was designed to include diets to
which natural feedstuffs had been added.
These feeds were chosen because muscular
dystrophy often occurs in lambs when these
feeds are fed(5,12). Diets used in the ex-
periments are shown in Table I.

Results and discussion. An alopecia was
noticed in all of the rabbits fed diets con-
taining no “natural feed.” A loss of the long
guard hairs began along the ventral part of
the abdomen about one week after the rab-
bits were placed on the experimental diets.
Since the rabbits were housed in groups of
5 it was not possible to determine the extent
of hair chewing that might have taken place.





