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Age-dependent activation of glucocorticoid receptors in the cerebral
hemispheres of male rats
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The binding of [*H]dexamethasone-receptor complexes to purified nuclei was studied in the cerebral hemispheres of immature (3-
week-old) and mature (26-week-old) Long—Evans male rats to determine the age-related changes, if any, in the physicochemical
properties of glucocorticoid receptors. Our data show that heat activation (for 45 min at 25 °C) significantly enhances the nuclear bind-
ing of [*H]dexamethasone-receptor complexes in rats of both ages, with a greater magnitude in immature rats. Ca’* activation (20 mM
Ca’* for 45 min at 0 °C) also enhances the nuclear binding of bound receptor complexes but to a similar extent at both ages. These
findings indicate that some of the physicochemical properties (e.g. heat activation) of glucocorticoid receptor change, while others
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Responses to stress depend on the age of the ani-
mal and are mediated through glucocorticoids which
act on neural tissues by binding to intracellular re-
ceptors followed by activation of bound receptor
complexes'®. The activation of steroid-receptor com-
plexes has been described as a not well-defined, con-
formational change which enables the complexes to
interact with specific acceptor sites on chromatin and
modulate gene expression??. This nuclear binding ca-
pacity can be achieved in vitro by incubating the hor-
mone-receptor complexes at 25 °C'!* and under
high ionic conditions!?; this action is achieved possi-
bly by exposure of positively charged amino acid resi-
dues on the surface of the receptor molecule which in
turn enhances the affinity for nuclei and polyanions
such as DNA®!. The activation of the glucocorticoid
receptor occurs in vivo under physiological condi-
tions and is thought to be rate limiting for nuclear
binding!*13. °

Adaptive responsiveness to hormones are age-re-
lated phenomena as are changes in induction of many
enzymes!?. These hormone-mediated responses are

activation) remain unchanged at different phases of the lifespan.

controlled by binding of the hormone to specific in-
tracellular receptors, by activation of hormone-re-
ceptor complexes and interaction of these complexes
to nuclear acceptor sites. There are many reports on
the quantitative changes in the brain glucocorticoid
receptors during development and aging!’. Howev-
er, there is little information on qualitative changes
in brain receptors as a function of age. In the present
communication, we report a significant difference in
the thermal activation of glucocorticoid receptors in
the cerebral hemispheres of immature (weanling)
and mature rats.

Immature (3-week-old, just weaned) and mature
(26-week-old adult) Long—Evans male rats, main-
tained at 24 + 2 °C on a 12/12 h light/dark period,
were fed Purina rat chow pellets and water ad libi-
tum. The animals were bilaterally adrenalectomized
and were given 0.9% NaCl instead of water for 3 days
following adrenalectomy. All the chemicals used
were of analytical grade, and biochemicals were pur-
chased from Sigma U.S.A. [1,2,4,6,7-3H]Dexame-
thasone (spec. act. 78.7 Ci/mmol) was obtained from
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Amersham with radiochemical purity of 96.1% by
HPLC.

The rats were killed by decapitation at a fixed time
of day (11.00 h) and brains were quickly removed,
blotted free of blood and superficial blood vessels.
Cerebral hemispheres were minced and homoge-
nized in 4 vols. (w/v) of TS buffer (10 mM Tris-
HCI/0.32 M sucrose, pH 7.5) at 0 °C using a Teflon
homogenizer. The homogenates were first centri-
fuged at 1000 g for 10 min at 0 °C to sediment nuclei.
The resulting supernatants were further centrifuged
at 105,000 g for 60 min at 0 °C. The clear fat free cy-
tosols were incubated for 2 h at 0 °C with 40 nM
[*H]dexamethasone alone or with excess of non-ra-
dioactive dexamethasone. Free hormones were re-
moved by adding dextran coated charcoal (3% char-
coal, 0.3% dextran T-70 in TS buffer). The clear su-
pernatants were used for nuclear binding assays.

The crude nuclear pellets were purified® using
0.5% Triton X-100 in TS buffer. The resulting nuclei
were washed thrice with TS buffer and finally sus-
pended in the same buffer. Aliquots of nuclear sus-
pension containing 50-75 ug of DNA were centri-
fuged at 2000 g for 10 min at 0 °C and the supernatant
fractions were discorded. [*H]Dexamethasone-
labeled cytosol (200 ul) was added in duplicate to
above nuclear pellets. The samples were gently
mixed on a vortex and incubated at 0 °C for 1 h. At
the end, 1.0 ml of cold TS was added and nuclei were
pelleted and washed twice. The nuclear pellets were
finally suspended in 0.5 ml of TS and transferred to
vials containing 4.0 ml of complete counting Cocktail
(3a70B) obtained from Research Products Interna-
tional, IL. The radioactivity was counted in a Beck-
man LS-100C liquid scintillation counter with an effi-
ciency of 51.5% for tritium. DNA contents were de-
termined” and the data were statistically analyzed’.

Development and aging of animals may partly be
characterized by changes in responsiveness of tissue
and cells to certain hormonal modulators®. The oc-
currence of quantitative changes in receptor mole-
cules is well documented'®!6. The possibility that
qualitative changes occur as well is still uncertain.
Our data indicate the presence of such qualitative
changes. The heat activation significantly enhances
the nuclear binding of [*H]dexamethasone-receptor
complexes in rats of both ages with a greater magni-
tude in immature (53%) than mature rats (Fig. 1).

The nuclear binding of hormone-receptor complexes
at 0 °C is similar at both ages. These findings are in
agreement with the age-dependent decline in ther-
mal activation of rat uterine estradiol receptors*. It
has been reported that the nuclear binding of gluco-
corticoid-receptor complexes reaches mature levels
only after day 10 in the pituitary of rats. The early re-
duced transfer of hormone-receptor complexes to
nuclei is correlated with the non-responsive period to
stress in neonatal rats!”. The higher degree of activa-
tion of glucocorticoid receptors at weaning ages may
be a contributory factor in a greater role of glucocor-
ticoids in the adaptive response to stress at this phase
of the life span'®. Interestingly, rat skeletal muscle
glucocorticoid-receptor complexes do not show age-
related differences in thermal activation!’. Recently,
we have observed a greater heat activation of [*HJ-
dexamethasone-receptor complexes in the liver of
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Fig. 1. Specific binding of [*H]dexamethasone-receptor (DEX-
R) complexes to cerebral hemisphere nuclei from immature (3-
week-old) and mature (26-week-old) male rats. Cytosols were
incubated with 40 nM [*H]dexamethasone in the presence or
absence of excess unlabeled dexamethasone for 2 h at 0 °C.
The cytosols were further incubated at: (i) 25 °C for 45 min; (ii)
0 °C for 45 min; and (iii) 0 °C with 20 mM Ca?** for 45 min. Fol-
lowing incubation, specific nuclear binding was determined as
mentioned in materials and methods. The results are mean +
S.D. for 3 separate experiments with 4 or 5 rats of each age
group. * Statistically significant (P < 0.02) with respect to 26-
week.



mature rats as compared to immature ones®’. These
findings indicate tissue-specific changes in the physi-
cochemical properties of glucocorticoid receptors. In
addition, Ca’" activation significantly enhances the
nuclear binding of bound receptor complexes in the
cerebral hemispheres of rats to the same degree at
both ages (Fig. 1). We have reported earlier that
Ca’*-dependent low temperature activation of glu-
cocorticoid-receptor complexes decreases in rat ske-
letal muscle!® while it remains unchanged in the
liver® of mature rats as compared to immature ones.
This differential activation of glucocorticoid receptor
in different tissues of rats supports the concept of re-
ceptor polymorphism and production of different re-
sponses in various tissues’'. The exact mechanisms of
this low temperature Ca®* activation of the glucocor-
ticoid-receptor complexes are not well understood.
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However, it may be due to the direct interaction of
Ca’* with the receptor molecule and/or receptor
transforming factor(s). This interaction could cause a
conformational change capable of exposing the
DNA- and chromatin-binding domain®.

The present findings indicate that some of the
physicochemical properties, such as heat activation
of glucocorticoid receptor change, while others, such
as Ca** activation, remain unchanged in the cerebral
hemispheres of immature and mature rats. The ob-
served differences in glucocorticoid receptors may
lead to functional changes in the tissue response as a
function of age.
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