Androgen and Glucocorticoid
Receptors in Rat Skeletal Muscle*

ERIK DAHLBERG, MAREK SNOCHOWSKI
and JAN-AKE GUSTAFSSON

Departments of Chemistry and Medical Nutrition,
Karolinska Institutet, Fack, S-104 01 Stockholm 60,
Sweden

Glucocorticoids have recently been shown to
possess specific receptor proteins in skeletal muscle,
but whether this tissue also contains androgen
receptors is still a matter of debate.! Testosterone
and methyltrienolone (a synthetic androgen) bound
to skeletal muscle cytosol with high affinity and low
capacity,””* but the binding of 5a-dihydrotestoster-
one (DHT) was of low affinity >* or could be dis-
placed by estradiol-178.2 Subsequently DHT was
reported to bind not as such but after reduction of
its 3-oxo function.’ It was thus of interest to
investigate whether or not this tissue contains
receptors for steroid hormones, and to that end
synthetic *H-labelled steroids were used. Androgen
and glucocorticoid receptors were detected using
methyltrienolone (17f-hydroxy-17a-methyl-4,9,11-
estratrien-3-one)® and dexamethasone (9a-fluoro-
118,17a,21-trihydroxy-16a-methyl-1,4-pregnadiene-
3,20-dione),” respectively. Attempts to detect estro-
gen and progestin receptors were made using R 2858
(11B-thethoxy-17a-ethynyl-estradiol-17)® and R
5020 (17a,21-dimethyl-19-nor-4,9-pregnadiene-3,20-
dione),” respectively.

Experimental. Cytosol was prepared from male
rats 2 to 3 weeks after castration by centrifugation
at 105 000 g for 1 h of a homogenate of muscle tissue
(1:1 tissue to buffer ratio (50 mM Tris-HCI, pH 7.4,
1 mM EDTA, 0.1 mM dithioerythritol, 109
glycerol)). DNA was measured in the pellets by a
modified Burton method!®!! and protein in the
supernatant (cytosol) by a modified version of the
method of Lowry et al.'? In preliminary experi-
ments we found no high-affinity low-capacity
binding of the estrogen R 2858 or the progestin
R 5020, but the binding of methyltrienolone and
dexamethasone was of receptor-like character.
Hence attempts were made to characterize the
binding of the latter two steroids in muscle cytosol.
Subsequently, however, estrogen receptors have
been detected, and their characterization will be
described elsewhere.

Binding kinetics were studied by incubation of
0.2 ml portions of cytosol with 0.1 ml buffer
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solution of. steroid ligand at six concentrations
(either 0.07 to 2 nM “H-methyltrienolone plus a
100-fold molar excess of dexamethasone or 0.4 to
15 nM 3H-dexamethasone (final concentrations))
at 0, 15 and 23 °C for various periods of time up to
40 h (0 and 15 °C) or up to 10 h (23 °C) until
terminated by the addition of 0.4 ml of a suspension
of charcoal (0.625 %) and dextran T70 (0.0625 %) in
the homogenization buffer. The dextran-coated
charcoal treatment was carried out at 0—4 °C for
20 min, and after centrifugation at 1000 g for 5 min,
0.5 ml supernatant was taken for determination of
radioactivity. Non-specific binding was estimated
from similar incubations that in addition contained
a 100-fold excess of unlabelled ligand, and the total
amount of radioactivity present during incubation
was determined from incubations where the cytosol
and dextran-coated charcoal were substituted with
buffer. Dissociation was determined separately at
each temperature by addition of a 1000-fold excess
of unlabelled ligand after the formation of ligand-
receptor complexes for 20 h at 0 °C. All incubations
were carried out in duplicate. Calculation of kinetic
parameters was performed as described elsewhere.!

Conditions close to equilibrium were obtained
after 15 to 25 h of incubation at 0 °C for both
ligands, and were used for saturation analysis.
Calculation of equilibrium binding data was carried
out according to Scatchard from data corrected for
non-specific binding.'® The calculation of equilib-
rium data are described in detail elsewhere.!

The ligand specificities of the 3H-dexamethasone
and the *H-methyltrienolone binding sites were
studied by incubation of 0.2 ml portions of cytosol
with 0.1 ml buffer solution of 2 nM 3H-methyl-
trienolone or 15 nM 3H-dexamethasone (final con-
centrations) plus 10 ul ethanolic solution of com-
petitor (to yield final concentrations of competitor
of 1—128 nM or 8—1024 nM in the cases of 3H-
methyltrienolone or 3H-dexamethasone, respec-
tively) for 24 h at 0—4 °C. Total binding (specific
plus non-specific) was determined from incubations
containing cytosol and 3H-labelled ligand, but
where the ethanolic solution of competitor was
replaced by vehicle alone. Non-specific binding was
determined from incubations containing the highest
dose of competitor, cytosol and 3H-labelled ligand,
additionally a 100-fold excess of unlabelled ligand.
Unbound and protein-bound steroids were sepa-
rated by dextran-coated charcoal treatment as
described above, and the calculation of relative
binding affinity (RBA)(defined as the ratio between
the concentration of ligand and that of competitor
required to obtain 50 %, displacement of >H-ligand
from its receptor binding site) performed from plots
of logit y against log concentration of competitor !4
as described elsewhere.!’'*> Logit y=In (specific
binding in the presence of a given concentration of
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competitor divided by that without any competitor).

The metabolism of methyltrienolone, testosterone
and Sa-dihydrotestosterone in rat muscle cytosol
was studied by incubation of 0.2 ml cytosol with 0.1
ml buffer solution of *H-labelled steroid (10 nM
final concentration) at 0, 21 and 37 °C for various
periods of time up to 20 h until extracted twice with
water-saturated ethyl acetate containing non-radio-
active standard steroids, and the extracts were
chromatographed on silica gel thin layer plates.
To yield sufficient quantities of product for iden-
tification of metabolites, 1 ml cytosol was incubated
with !*C-labelled Sa-dihydrotestosterone (25 uM
final concentration) (the only steroid that was
metabolized) at 37 °C for 1 h, and the product peak
from the TLC plate analyzed using computerized
gas chromatography-mass spectrometry after tri-
methylsilylation as described elsewhere.’

Chromatography on DNA-cellulose, gel exclusion
chromatography on Sephadex G-150 and prepara-
tive electrofocusing of steroid-receptor complexes
were carried out ad described elsewhere.’

Results and discussion. The rates of association
and degradation of the dexamethasone-"and methyl-
trienolone-receptor complexes were highly depend-
ent on temperature (activation energies of 61 and
54 kJ mol ™! for second-order association rates and
—72 and —108 kJ mol~! for first-order degrada-
tion rates of dexamethasone- and methyltrienolone-
receptor complexes, respectively), i.e. the tempera-
ture-dependence of association was greater in the
case of dexamethasone, and that of degradation
was greater in the case of methyltrienolone. At all
temperatures the separately determined dissociation
was insignificant compared to association and
degradation. Estimates of the rate constants are
given in Table 1.

Saturation analyses at conditions close to equi-
librium showed that the binding of the two steroids
was saturable, and Scatchard analysis gave apparent
equilibrium dissociation constants (K,) for dexa-
methasone and methyltrienolone of about 7 and 0.3
nM, respectively, corresponding to free energy
changes of about —41 and —49 kJ mol™ ! at 0 °C.
Since the K; values did not change appreciably
with temperature, enthalpies did not contribute
significantly to the free energy changes, and hence
these were largely made up from temperature and
entropy, indicating that the binding of steroids was
hydrophobic in nature.!® The apparent equilibrium
maximum number of binding sites were about 1900
femtomol/g tissue, 3500 femtomol/mg DNA or 30
femtomol/mg protein in the case of the dexa-
methasone receptor. The corresponding values for
the methyltrienolone receptor were about 100
femtomol/g tissue, 200 femtomol/mg DNA or 2
femtomol/mg protein.

The efficiency of various steroids as competitors
for the specific *H-dexamethasone binding sites
were in decreasing order of potency (RBA values
in parenthesis): triamcinolone acetonide (9x-fluoro-
11p,21-dihydroxy-16a,17a[ (methylethylidene)bis-
(oxy)]-1,4-pregnadiene-3,20-dione) (0.54), corticoste-
rone (0.46),cortisol (0.11), progesterone (0.09), methyl-
trienolone (0.06), estradiol-17f (0.01). The following
compounds had RBA values below 0.01 for specific
3H-dexamethasone binding sites: 19-nortestoste-
rone, testosterone, Sa-dihydrotestosterone, 19-nor-
testosterone decanoate (19-nor-4-androsten-3-one-
176-yl decanoate), G 302 (2-formyl-118,17f-dihy-
droxy-17a-methyl-1,4-androstadien-3-one), BR 906
(118,17 8-dihydroxy-17a-methyl-1,4-androstadien-3
one-2-carboxylic acid), BR 917 (118,17-dihydroxy-
17a-methyl- 1,4-androstadien-3-one-2-carboxylic

Table 1. Kinetic constants for the binding of *H-dexamethasone and *H-methyltrienolone in cytosol from
rat skeletal muscle. Negative sign indicates decreased specific binding, and n.d. not determined.

Type of rate constant Temp. Rate constant Rate constant
(unit) °C Dexamethasone Methyltrienolone
0 3.4x10° 1.4x 108
Association M~ 'h™1) 15 1.4 x 107 5.0 x 108
23 2.7 % 107 9.0x 108
0 —25%x1072 33x1073
Degradation (h~*) 15 —1L.1x107! —1.8x1072
23 —-3.1x107! —1.6x107!
0 —42x1072 -99x1073
Dissociation (h 1) 15 ~12x107! n.d.
-25x107! -29x107!

23

Acta Chem. Scand. B 34 (1980) No. 2



acid decyl ester) and stanozolol (17a-methyl-5a-
androstano-[ 3,2-c|pyrazol-17-ol).

The efficiency of competitors for specific 3H-
methyltrienolone binding sites were: 19-nortestoste-
rone (0.47), testosterone (0.15), stanozolol (0.08),
estradiol-17f (0.04), progesterone (0.03). The follow-
ing compounds had RBA values of less than 0.01:
19-nortestosterone decanote, dexamethasone, Sa-
androstane-3,17-dione, Sa-androstane-3a,17f-diol,
triamcinolone acetonide, Sa-dihydrotestosterone,
G 302, BR 906, and BR 917.

Since Sa-dihydrotestosterone was inefficient when
used as a competitor for specific >H-methyltri-
enolone binding sites, the metabolism of this steroid
and of testosterone and methyltrienolone in rat
muscle cytosol was studied. Whereas the latter
two steroids were not metabolized by muscle cytosol,
silica gel thin layer chromatography revealed the
formation of one radioactive peak formed from
Sa-dihydrotestosterone, and this peak was corre-
sponding to that of Sx-androstane-3a,17f-diol and
Sa-androstane-3f,178-diol (not sepgrated by the
solvent system). These two isomers were identified
by gas chromatography-mass spectrometry as the
products of DHT metabolism by muscle cytosol,
and were formed to 86 9, (the 3a-isomer) and 14 9
(the 3p-isomer). The conversion of S«-dihydro-
testosterone was rapid even at low temperature
(20 min half-life at 0 °C) and without cofactors, and
proceeded with an activation energy of about 34
kJ mol™*.

Both the dexamethasone- and the methyltrieno-
lone-receptor complexes were retained by DNA
when chromatographed on DNA-cellulose columns
after a prior cellulose column, and were eluted by
NaCl at an ionic strength of about 0.1. The DNA-
cellulose step gave about 20 times purification on a
protein basis, and was used as a prior step to gel
exclusion chromatography and electrofocusing.
Both receptor complexes were excluded from
Sephadex G-150, possibly due to formation of
molecular aggregates. Electrofocusing in a prepara-
tive (110 ml) LKB column gave reproducible
patterns of three peaks for each receptor. The
apparent pl values for these peaks were 5.4, 5.6 and
6.2 (glucocorticoid receptor) and 5.9, 6.2 and 8.5
(androgen receptor).

In conclusion, kinetic and thermodynamic evi-
dence showed marked differences between the
dexamethasone and the methyltrienolone binding
sites in skeletal muscle. The data obtained for
methyltrienolone agrees well with the data reported
for the androgen receptor in male rat reproductive
organs.!” The ligand specificity of the high affinity
low capacity binding sites for methyltrienolone in
muscle cytosol is typical of an androgen receptor '8
and that of the specific dexamethasone binding sites
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is typical of a glucocorticoid receptor.'® The ap-
parent inability of Sa-dihydrotestosterone to com-
pete with specific *H-methyltrienolone binding sites
may have been due to the rapid and efficient
metabolism of this compound by muscle cytosol.

The properties of the androgen and glucocorticoid
receptors closely resemble those in male rat repro-
ductive organs and rat liver, respectively. It hence
appears valid to characterize skeletal muscle as a
target organ for both these hormones.
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