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Effects of the glucocorticoid hormones on
growth and cell division have been of interest
ever since the observation of Ingle over 30
yr ago that the administration of these com-
pounds to normal rats results in a marked
suppression of somatic growth (1). Sub-
sequent studies have shown that the admini-
stration of these hormones results in a de-
crease in the rate of growth or even an actual
involution of many of the individual somatic
tissues (2-6), and more recently it has be-
come possible to demonstrate a similar in-
hibition of growth and cell division in a
number of mammalian cell lines in tissue
culture (7-11). Most recently it has been
shown that even very small doses of gluco-
corticoid hormone produce a prompt suppres-
sion of DNA synthesis (12) and fall in DNA
polymerase activity (13) in the livers of
weanling rats, that the doses required for
these effects correspond to little if any more
than the normal daily endogenous output of
corticosterone (12, 13), and that both effects
are rapidly reversible upon discontinuation of
hormone treatment.

In view of the demonstration that liver is
exquisitely sensitive to the growth-inhibitng
effects of glucocorticoids it becomes of interest
to examine effects of hormone administration
on DNA synthesis in other tissues as well
and, more specifically, to compare the effects
of hormone administration on tissues with
“stable” cell populations, where DNA syn-
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thesis occurs primarily in association with
new cell accretion (“growth”), with effects
on other tissues where DNA synthesis in-
stead reflects largely cell renewal (“turn-
over”). A selective suppression of DNA
synthesis in the former tissues, if such in-
deed could be demonstrated, would be of
particular interest and moreover might pro-
vide a useful model for an investigation of the
biochemical basis for the well known sup-
pressive effects of these compounds on
somatic growth. The following studies
examine the acute effects of cortisone admini-
stration upon thymidine incorporation by a
variety of tissues in the growing rat. The re-
sults to be presented demonstrate that DNA
synthesis in different tissues shows a remark-
able range in its sensitivity to suppression
by glucocorticoid hormone and that despite
this range the relative responses of various
tissues are extremely consistent from experi-
ment to experiment. The pattern of response
in the different tissues examined thus far
suggests the generalization that thymidine
incorporation is particularly susceptible to
suppression in those tissues in which DNA
synthesis reflects new cell accretion rather
than cell renewal.

Materials. All studies were performed with
normal male Sherman (Columbia strain) rats
of the weights indicated below. Thymidine-
methyl-*H (20 mCi/umole) was purchased
from the New England Nuclear Corp., and
cortisone acetate was obtained from Merck,
Sharp & Dohme.

Incorporation of radioactive thymidine in-
to DNA. Rats which had been begun on
injections of either cortisone acetate or nor-
mal saline 24 hr previously were injected be-
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tween 9 and 10 AM with ®H-thymidine as in-
dicated below. Beginning 4 hr after the ad-
ministration of radioactive thymidine, con-
trol and cortisone-treated animals were killed
alternately over a 2-hr period, and the
organs excised and treated as described below.
Livers, brains, kidneys, spleens, testes, hearts,
and gastrocnemius muscles were excised,
rinsed in 0.25 M sucrose solution, weighed,
wrapped in aluminum foil, frozen over dry
ice, and stored at —20°. After opening the
upper gastrointestinal tract with a longitudi-
nal incision and rinsing out its contents
with tap water, mucosal scrapings from the
glandular stomach and from a 5-cm segment
of jejunum taken from the junction of the
first and second quarters of the small intestine
were transferred to glass tubes, frozen rapidly,
and stored at —20°. Homogenates of heart
(1:12), gastrocnemius muscle (1:10), liver
(1:4), spleen (1:16), brain (1:3), testis
(1:6), and kidney (1:4) were subsequently
prepared from thawed tissue samples and 0.25
M sucrose solution by means of hand-driven
Dounce-type homogenizers (Blaessig Glass
Specialties, Rochester, NY); each mucosal
sample was similarly homogenized in 3 ml
of 0.25 M sucrose. In order to determine the
radioactivity present in DNA, 2-ml aliquots
of each homogenate were treated with 2 ml
of 10% trichloroacetic acid (“TCA”) at 0°
in conical centrifuge tubes, all subsequent
steps also being carried out at 0° unless
otherwise specified. After 10 min the result-
ing precipitates were centrifuged down,
washed twice with 3 ml cold 5% TCA,
drained, and resuspended in 2 ml water. Two
milliliters of 0.6 M KOH was then added, and
the resulting mixtures (containing 0.3 M
KOH) were incubated at 37° as described by
Fleck and Munro (14) in order to hydrolyze
any contaminating RNA. After 1 hr the tubes
were chilled in ice and 0.5 ml of “100%”
(w/v) TCA was added to each in order to
precipitate DNA and protein. After 10 min
the precipitates were centrifuged down and
the supernatants containing the RNA
hydrolysis products discarded. The pellets
were then washed once with 3 ml 5% TCA
and twice with 5 ml 95% ethanol. The re-
sulting pellets were heated with occasional
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stirring at 90° for 15 min to hydrolyze the
DNA (15) and allowed to cool to room tem-
perature. The precipitates were spun down at
room temperature, and 0.5 ml of each super-
natant was added to 10 ml of Bray’s solution
(16). Radioactivity was determined by
means of a Packard Tri-Carb scintillation
spectrometer; counting efficiency in different
experiments ranged between 11 and 14%.

The concentration of DNA hydrolysis
products was determined by the method of
Giles and Myers after the addition of per-
chloric acid to each of the TCA extracts
to a final concentration of 10% (17).

Results. An initial series of experiments
examined the effects of a large dose of
cortisone upon the incorporation of radio-
active thymidine by a variety of different
tissues. Weanling rats weighing 55-65 g re-
ceived either a single subcutaneous injection
of 5 mg of cortisone acetate or two divided
doses of 2.5 mg each, and the incorporation
of ®H-thymidine into DNA (20 uCi per rat
by intraperitoneal injection) was determined
24 hr after the initial dose of hormone as de-
scribed under “Methods.” Table I shows the
results of a typical experiment, and Fig. 1
summarizes the results of a series of four
such studies. For convenience in comparison
of the effects on different organs the latter
figure expresses all specific activity values as
per cent of control. It is evident that the
effects of a single (large) dose of cortisone
vary widely from tissue to tissue but that
the effects upon any given tissue are con-
sistently reproducible: It is seen that (a)
the administration of a large dose of cortisone
results within a single day in a profound and
consistent suppression of radioactive thymi-
dine incorporation in liver, heart, kidney,
brain, and gastric mucosa; and (b) in con-
trast, the same dose of hormone in the same
animals has no effect on thymidine incorpora-
tion by jejunal mucosa, testis, or spleen.

In view of the observed wide range in
suppressibility of thymidine incorporation by
cortisone treatment, and because of the pre-
viously demonstrated exquisite sensitivity of
liver DNA synthesis to suppression by even
very small doses of glucocorticoid hormone
(12), it was of interest to examine the effects
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TABLE I. Effects of a Large Dose of Cortisone on the Incorporation of *H-Thymidine into
the DNA of Different Tissues in the Weanling Rat.”
dpm per ug DNA®
% Tnhibition

Tissue Control Cortisone by cortisone P
Liver 104 += 8 9 + 3 91% <0.001
Heart 23 =+ 5 3 + 1 87% <0.001
Kidney 32 + 4 4 + 2 88% <0.001
Brain 1.9+ 04 0.9+ 0.3 53% <0.1
Gastrie mucosa 83 =+ 6 13 + 4 849, <0001
Jejunal mucosa 58 14 47 + 7 199, >0.5 (NS)
Testis 50 + 6 49 =+ 10 2% >0.5 (NS)
Spleen 166+ 22 111 =+ 21 339 >0.1 (NS)

“ Rats were begun on injections of either cortisone acetate (8 animals) or isotonie saline (9
animals) 24 hr before the administration of *H-thymidine as described under ‘‘Methods.””’
Hormone was administered in two divided doses of 2.5 mg each, 8 hr apart.

b Mean values + 1 SE.,

of a much smaller dose of cortisone on
thymidine incorporation by these same tis-
sues. The dose chosen was 0.5 mg cortisone
per rat, a dose which previously had been
shown to be sufficient to result in a marked
suppression of both somatic growth and liver
DNA synthesis (12). Again, as in the experi-
ments employing the larger dose (5 mg per
rat, see above), thymidine incorporation was
examined after only a single day of hormone
treatment. Figure 2 presents the results and
shows that even at this smaller dose (1/10
the dose of hormone used in the previous
experiments) thymidine incorporation is pro-
foundly suppressed in liver, heart, skeletal
muscle, and kidney. It is evident that sup-
pression at this low dose is virtually as com-
plete as it was at the higher dose (see Fig. 1),
and thymidine incorporation by heart, skeletal
muscle, and kidney in indeed found to have
the same exquisite sensitivity to suppression
by cortisone treatment as has previously been
reported for liver (12).

Discussion. The foregoing results show that
the administration of even small doses of
glucocorticoid hormone produces a profound
suppression of thymidine incorporation in a
wide range of rapidly growing somatic tissues
of the weanling rat. While in this sense these
observations are reminiscent of the well-
known effects of the glucocorticoid hormones
on a variety of lymphoid tissues, it is impor-
tant to emphasize that what has been observed

in the “cortisone-sensitive” tissues examined
in the present studies is only a suppression of
thymidine incorporation per se. In contrast
to the situation in lymphoid tissues, where
the administration of glucocorticoid hormone
results in a rapid lysis of preformed cells, and
hence where mechanisms other than a simple
suppression of DNA synthesis must be in-
voked to explain their rapid involution, there
is no evidence to suggest that the administra-
tion of cortisone results in an actual involu-
tion of any of the cortisone-sensitive tissues
examined here. Indeed in one of these latter
tissues (liver) a previous study has already
shown that even very large doses of hormone,
amounting to some 50 times that necessary
to inhibit new DNA synthesis, fail to produce
any appreciable degradation of pre-existing
liver DNA (12).

In contrast to our observations in liver,
kidney, heart, and skeletal muscle, thymidine
incorporation by gastric and jejunal mucosa,
spleen, and testis was found to be completely
unaffected by low doses of cortisone. The find-
ing in spleen, although perhaps superficially
paradoxical for a “lymphoid tissue,” is con-
sistent with earlier observations in mice by
Stevens et al., who noted that although the
administration of cortisone resulted in a
rapid decrease in splenic weight, even very
large doses of hormone were without signifi-
cant effect on the incorporation of thymidine
into DNA (18). These authors attributed the
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F1c. 1. Effects of a high dose of cortisone (5 mg) on thymidine incorporation by various
tissues of the weanling rat. Rats were begun on cortisone acetate 24 hr before the administration
of “H-thymidine as described under “Methods.” In Expts 1 and 2, hormone was administered as
a saline suspension in a single dose of 5 mg; in Expts 3 and 4, it was given in two divided doses
of 2.5 mg each, 8 hr apart. Control animals received injections of identical volumes of 0.9% NaCl.
There were 4-9 animals in each group; values shown arc means = 1 standard error.

decrease in weight to the well-known
lympholytic effect of the glucocorticoids (see
above) and the persistence of incorporation
to the fact that the rodent spleen, in addition
to being a lymphoid organ, is a major site
of red blood cell production (see, e.g., discus-
sion in Ref. (19)). Consistent too with this
interpretation was their observation that after
the administration of radioactive thymidine
the specfic activity of splenic DNA was some
5-fold greater than that of DNA in thymus
and lymph nodes (18, 19). As expected, the
levels of incorporation by brain in the present
studies are exceedingly low (see Table I)
and presumably principally reflect DNA
synthesis by nonneuronal elements (20).

The results of the preceding experiments
show that thymidine incorporation by various
different tissues exhibits an enormous range
in its sensitivity to acute suppression by

cortisone administration. The observation of
principal interest, however, is not the wide
range of sensitivity per se but rather the
finding that at low doses of hormone the tis-
sues studied can be divided quite clearly
into two distinct groups: those in which
thymidine incorporation is markedly sup-
pressed (liver, kidney, heart, and skeletal
muscle), and those in which thymidine in-
corporation is completely unaffected (gastric
and jejunal mucosa, spleen, and testis). An
additional example of a tissue presumably
belonging to this latter group is bone marrow,
where numerous studies by others have shown
that low doses of hormone fail to result in
any appreciable depression of erythropoiesis
(21-24).

The pattern of response in the various
tissues examined thus far suggests the general-
ization that thymidine incorporation is
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Fic. 2. Effects of a low dose of cortisone (0.5 mg) on thymidine incorporation by various
tissues of the weanling rat. Rats were begun on cortisone acetate 24 hr before the administration
of *H-thymidine as described under “Methods.” Hormone was administered as a saline sus-
pension in two divided doses of 0.25 mg each, 8 hr apart (i.e., the dose was 1/10 that used
in the experiments summarized in Fig. 1). Control animals received injections of identical volumes
of 0.9% NaCl. There were 9 animals in each of the above groups; values shown are means =

1 standard error.

particularly susceptible to suppression in
those tissues which are composed of stable
cell populations and in which DNA synthesis
is primarily a concomitant of new cell
accretion (“‘growth’) rather than one of cell
renewal. The fact that the doses of hormone
required for the suppression of thymidine
incorporation in the sensitive tissues are
identical to those required for a generalized
suppression of somatic growth (12) moreover
suggests that the phenomenon of cortisone-
induced inhibition of DNA synthesis in some
of these individual tissues may provide a con-
venient model for studies on biochemical
mechanisms underlying the well-known sup-
pression of growth which occurs both in ex-
perimental animals and in children (25, 26).
On the basis of the observations reported
here, it will be of interest not only to examine
the cortisone sensitivity of a still wider range
of growing tissues but to explore possible
mechanisms by which the administration of
glucocorticoid hormone results in a rapid
suppression of DNA synthesis in individual
sensitive tissues. One such study in liver has
recently shown that the suppression of
thymidine incorporation is accompanied by
a profound fall in DNA polymerase activity

(13), but it is not yet clear whether the de-
crease in DNA synthesis can be attributed
solely to the decrease in enzyme level.
Additional studies, including a detailed
examination of the relative time-courses of
changes in thymidine incorporation and
polymerase activity, are currently in progress.

Summary. Acute effects of both high and
low doses of cortisone upon the incorporation
of radioactive thymidine have been examined
in a variety of non-lymphoid tissues of the
weanling rat. It is shown (a) that thymidine
incorporation by different tissues varies over
an enormous range in its sensitivity to sup-
pression by cortisone administration, and (b)
that at low doses of hormone all the tissues
studied are clearly separable into two distinct
classes: those in which cortisone produces a
profound suppression of thymidine incorpora-
tion, and those which are completely unre-
sponsive to the hormone. The pattern of re-
sponse observed thus far suggests the generali-
zation that thymidine incorporation is
particularly susceptible to suppression in tis-
sues which are composed of stable cell popu-
lations and in which DNA synthesis is pri-
marily a concomitant of new cell accretion
(“growth”) rather than one of cell renewal.
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The phenomenon of cortisone-induced sup-
pression of thymidine incorporation in in-
dividual tissues sensitve to low doses of hor-
mone may provde a convenient model for
studies of biochemical mechanisms underly-
ing the well-known suppression of somatic
growth which occurs at comparable doses
both in experimental animals and in children.
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