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Summary. The specific binding of [*H]corticosterone to hepato-
cytes is a nonsaturable, reversible and temperature-dependent
process. The binding to liver purified plasma membrane fraction
is also specific, reversible and temperature dependent but it is
saturable. Two types of independent and equivalent binding sites
have been determined from hepatocytes. One of them has high
affinity and low binding capacity (K, = 8.8 nm and B, = 1477
fmol/mg protein) and the other one has low affinity and high
binding capacity (K,, = 91 nM and Bg,, = 9015 fmol/mg). In
plasma membrane only one type of binding site has been charac-
terized (K, = 11.2 nm and B, = 1982 fmol/mg). As it can be
deduced from displacement data obtained in hepatocytes and
plasma membrane the bigh affinity binding sites are different
from the glucocorticoid, progesterone nuclear receptors and the
Na*,K*-ATPase digitalis receptor. Probably it is of the same
nature that the one determinate for [PH]cortisol and [*H]cortico-
sterone in mouse liver plasma membrane. Beta- and alpha-adren-
ergic antagonists as propranolol and phentolamine did not affect
[*H]corticosterone binding to hepatocytes and plasma mem-
branes; therefore, these binding sites are independent of adrener-
gic receptors. The binding sites in hepatocytes and plasma mem-
branes are not exclusive for corticosterone but other steroids are
also bound with very different affinities.
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Introduction

Classically, the mechanism of action of steroid hor-
mones includes the following steps: it is generally
accepted that the steroid enters the target cell by
simple diffusion and combines with a high affinity
cytoplasmic receptor. The steroid-protein complex
then undergoes activation and is transferred to the
nucleus where it binds to selective sites in the chro-
matin (Edelman, 1975). The interaction between the
steroid-receptor complex and the genome leads to a
modulation of RNA and specific protein synthesis
responsible for the physiological response to the hor-

mone. On the other hand, it is now possible to define
the characteristics of any steroid action which repre-
sents a nongenomic effect. They are: instantaneous
or with a very short lag period and insensitive to
RNA and protein synthesis inhibitors. These are
direct steroid actions, not mediated through nuclear
receptor occupancy (Baulieu et al., 1978). Some of
these steroid effects are: anaesthetics (Holzbauer,
1976) and changes on cell excitability (Batra, 1980;
Van Wilgenburg, 1982), on cyclic nucleotide levels
(Sadler & Maller, 1982; Durant, Duval & Homo,
1983), on extraneuronal uptake (Rascher et al.,
1980), on ion (Wehling, Kasmayr & Theisen, 1989),
glucose (Livingston & Lockwood, 1975) and nucleo-
side (Gagne, Homo & Duval, 1980) transport, on
lysosomes (Szego & Pietras, 1984) and as regulators
of enzyme activities (Ackerman et al., 1981). In our
laboratory we have found a short-time glycogeno-
lytic effect in liver after steroid injection that is pro-
tein synthesis independent, and it provokes a de-
crease of cAMP levels with several steroid
hormones (Diez et al., 1984; Sancho et al., 1986,
1988; Vallejo et al., 1986; Sanchez-Bueno et al.,
1987).

Several nonreceptor-mediated actions can be di-
rect effects of a steroid-plasma membrane interac-
tion. In most of the experiments carried out to study
glucocorticoid binding to isolated plasma mem-
branes there is a common feature which supports
their existence, distinct from the classical nuclear
receptors (Suyemitsu & Terayama, 1975; Koch,
1978; Fant, Yeakley & Harrison, 1983; Omrani et
al., 1983; Towle & Sze, 1983; Savart & Cabillic,
1985; Allera & Rao, 1986; Quelle et al., 1988). We
have characterized the specific binding sites for cor-
tisol in chicken (Trueba et al., 1987) and mouse
(Trueba et al., 1989b) liver plasma membranes and
corticosterone in mouse liver plasma membranes
(Trueba et al., 1989q).
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Other authors have provided biochemical evi-
dences for the presence of corticosteroid binding
globulin (CBG) or a CBG-like binder in various glu-
cocorticoids and progesterone target organs. A
CBG-like molecule has also been identified in liver
plasma membrane fraction (Suyemitsu & Terayama,
1975). By immunocytochemical visualization some
authors have shown the intracellular CBG localiza-
tion in liver (Perrot-Applanat, David-Ferreira & Da-
vid-Ferreira, 1981; Kuhn et al., 1986) and pituitary
cells (Perrot-Applanat, Racadot & Milgrom, 1984).
Recently the existence of specific binding of cortico-
steroid-binding globulin to cell membranes has been
demonstrated (Hryb et al., 1986; Singer, Khan &
Rosner, 1988).

We want to help bring to light the complex prob-
lem of the extragenomic effect of steroids. The aim
of this study was to determine the kinetic parameters
of the binding of corticosterone to rat hepatocytes
and purified liver plasma membrane fraction. Also
we studied the specificity of the binding sites using
other natural and synthetic steroids.

Materials and Methods

CHEMICALS

[1,2,6,7-*H]Corticosterone (75 Ci/mmol) was purchased from
Amersham International (Amersham, UK). Collagenase from
Clostridium histolyticum, 0.15 U/ml, and trypsin soybean inhibi-
tor were supplied by Boehringer (Mannheim, Germany). Albumin
fraction V, all steroid molecules, propranolo] and HEPES were
from Sigma Chemical (St. Louis, MO). RU28362 (113,173,-dihy-
droxy -6-methyl-17a-(1 -propynyl)androsta- 1,4,6-triene-3-one)
and RU38486 (173-hydroxy-118.,4-dimethylaminophenyl-17¢-
propynyl-estra-4,9-diene-3-one) were kindly donated by Roussel-
Uclaf (Romainville, France). Phentolamine was free provided by
Ciba-Geigy Laboratories (Barcelona, Spain). PPO, POPOP and
scintillation grade toluene were supplied by Scharlau (Barcelona,
Spain). All other reagents were from Merck (Darmstadt,
Germany).

PREPARATION AND INCUBATION OF LivER CELLS

Isolated hepatocytes were prepared by in vivo perfusion of liver
from 200-250 g male Sprague-Dawley rats as described by Shears
and Kirk (1984) with slight modifications. The flow rate during
the perfusion was maintained at 25 ml/min, and the medium
did not contain TES (N-Tris[hydroxymethylJmethyl-2-amino-
ethanesulfonic acid). The isolated cells were washed three times
at room temperature by suspension in the Krebs-Ringer buffer
followed by centrifugation at 50 x g for 2 min in a bench centrifuge.
After washing, the cells were preincubated for 20 min at 37°C
with 2-ml portions of Krebs-Ringer buffer + 10 mm glucose +
2% (wt/vol) bovine serum albumin + 1.25 mm CaCl,. For the
assay the buffer was changed by centrifugation and resuspension
of the cells in the presence of incubation HEPES buffer (115 mMm

NaCl + 5.4 mm KCI + 1.8 mm CaCls + 0.8 mm MgCl, + 5 mm
glucose + 25 mm HEPES, pH 7.4) to a final concentration of 1.5
X 10" cells/ml. The viability of the cells was checked by the trypan
blue test and measurement of the cellular lactate dehydrogenase
activity.

IsoLATION OF PLASMA MEMBRANES

Livers were perfused and removed from male Sprague Dawley
rats weighing about 250 g, homogenized in threefold (wt/vol)
excess of 20 mM Tris buffer, pH 7.4, containing 0.25 M sucrose.
I mm dithiothreitol and 0.0 mM phenyl-methyl-sulfonyl-fluoride.
The tissue was homogenized using a Ultra-Turrax T-25 homoge-
nizer by means of three bursts of 15 sec each at 9,500 rpm. The
homogenate was separated into cell fractions as described by
Maeda, Balakrisnan & Mehdi (1983). After a first centrifugation
at 1,500 x g for S min, the pellet was resuspended, homogenized
and filtered. The filtrate was layered over 10 ml of a 41% solution
of sucrose in the homogenization buffer and centrifuged at 95,000
x g for 1 hr in a Kontron TST 28.38 swinging bucket rotor. The
white interfacial band of membranes was collected, the sucrose
was diluted by adding a fourfold excess of the incubation buffer,
and the membranes were pelleted by centrifugation at 95,000 x
g for 25 min and suspended in the incubation Tris buffer (140 mm
NaCl, 5.4 mm KCl, 1.8 mm CaCl,, 0.8 mm MgCl,, 5.0 mm glucose
and 25 mm Tris/HCL, pH 7.4) for the binding studies.

Purified plasma membranes were stored at —70°C in an
ultralow temperature freezer (Selecta Conbatemp model, Barce-
lona, Spain). Proteins were determined by the method of Lowry
et al. (1951) using bovine serum albumin as standard.

MEMBRANE MARKER ENZYMES

The activity of several specific enzymes has been determined for
plasma membrane: S'-nucleotidase (Aronson & Touster, 1974),
ATPase (Mg?*-ATPase + Na*,K~-ATPase (Quigley & Gotterer,
1969), and phosphodiesterase [ (Aronson & Touster, 1974) as
purification criteria of rat liver plasma membrane. Also, the glu-
cose-6-phosphatase (Aronson & Touster, 1974) was assayed as
endoplasmic reticulum marker.

BINDING Assay OF [P"H]CORTICOSTERONE

[ncubation mixtures for binding studies contained 0.1 ml of hepa-
tocyte suspension in HEPES buffer (1.5 x 10° cells/ml final
concentration) or 0.1 ml of purified plasma membrane fraction in
Tris buffer (0.2 mg protein/ml final concentration), 0.1 mi of
*H]corticosterone at different concentrations, and 0.8 ml of dif-
ferent incubation buffers. The presence of specific corticosterone
binding sites was determined by the difference between the radio-
activity bound to the hepatocytes or membranes incubated only
with [*H]corticosterone (total binding) and the radioactivity
bound in the presence of an excess of unlabeled deoxycorticoster-
one or corticosterone (nonspecific binding), respectively. The
incubations were carried out in ice bath for 2 hr with hepatocytes
and plasma membranes. The viability of cells was always higher
than 80%.

Incubation with plasma membrane was performed in an ice
bath. At the end of the incubation period, triplicate 800-u! aliguots
were filtered through GF/C fiber filter (Whatman, England) placed
in a 12-place filter manifold (Millipore). Filters were immediately
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Table 1. Marker enzyme analysis of rat liver plasma membranes®

Homogenate  Plasma membranes
5'-Nucleotidase® 23+ 0.5 21.1 £ 3.4
Total ATPase® 3.4 +03 19.1 = 2.8
Phosphodiesterase I° 1.0 = 0.2 8.5 = 0.6
Glucose-6-phosphatase® 2.8 0.8 6.6 = 1.4

4 Rat liver tissue was homogenized as described in Materials and
Methods. Plasma membranes were prepared by the Maeda et al.
(1983) technique. Marker enzymes were analyzed in the crude
homogenate and in the membrane preparations. Values are pre-
sented as mean = SE of triplicate determinations.

b mol of inorganic phosphate releasing/mg protein per hour.

¢ umol of p-nitrophenol release/mg protein per hour.

washed with 10 ml of iced incubation buffer without glucose. The
dried filters were placed in vials and counted in 5 ml of scintillation
cocktail (4 g PPO, 0.05 g POPOP, 1 liter toluene) in a Packard
Tricarb 2000 CA model with an efficiency of 65%.

Saturation data were analyzed by the use of the program
Kinetic, EBDA, Ligand, Lowry provided by Biosoft (Cambridge,
UK) in its version for an IBM-PC computer. The SEM of several
samples did not exceed 10% in any case.

Results

PLasMA MEMBRANE FRACTION PURITY

The purity of rat liver plasma membrane fragments
has been checked by means of marker enzyme analy-
sis. The results are summarized in Table 1. The
specific activities of marker enzymes for rat liver
plasma membrane were much enhanced in this frac-
tion. On the other hand, the glucose-6-phosphatase
activity determined in plasma membrane was much
lower than that found in microsomes (61.2 wmol of
inorganic phosphate release/mg protein per hour).

ASSOCIATION AND DissocIATION KINETICS

These experiments have been performed with 4 nm
[*H]corticosterone, according to previous studies
(Trueba et al., 1989a,b) and 1.5 X 10° cells/ml of
hepatocytes or 0.2 mg protein/ml of membranes as
final concentrations.

First, we have determined that [*H]corticoster-
one binding in function of protein concentration
(from 0.05 to 1.00 mg/ml) is a lineal process until 0.5
mg/ml for hepatocyte and plasma membrane sys-
tems. Thus, we have chosen the protein concentra-
tion mentioned above. HEPES buffer has been used
for the [*H]corticosterone-hepatocyte binding study
because it assures a larger survival of the cells
(>>85%) at the end of the incubation. For membranes
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Fig. 1. Time course of the association of [*H]corticosterone using
rat hepatocytes (M) and liver plasma membranes () at 2°C.
Hepatocytes (1.5 x 10° cells/ml) and membranes (0.2 mg of
protein/ml) were incubated with 4 nM [*H]corticosterone in
HEPES and Tris buffers, pH 7.4, respectively. The points are the
mean = SEM of quadruplicate determinations

the highest binding was obtained with Tris/HCI +
cations buffer (Trueba et al., 1987); therefore, this
buffer was chosen for the following experiments.
The binding of [*H]corticosterone to plasma
membrane fractions occurred rapidly at 2°C and pH
7.4 (Fig. 1). The uptake to hepatocytes was slower,
2.4-fold greater than the membrane, and reached
the saturation at 60 min of incubation and remained
constant to 180 min. Membrane binding was com-
plete in 10 min and remained unaltered for 120 min.
The dissociation kinetics showed a biphasic aspect
with a speed and a slow component, reaching the
maximum displacement at 2 hr in both systems (Fig.
2). From association and dissociation plots, by
means of a logarithmic transformation (Weiland &
Molinoff, 1981) the following parameters can be

calculated: k,, = 0.62 x 10® M~' X min~', k_,
= 6.07 X 107 min~' and k,, = 0.7 x 10° m~!
X min~!, k_, = 6.38 X 107> min~' for hepatocyte

and membrane systems, respectively. The K, values
obtained from these parameters are: 2.0 and 9.0 nM
for hepatocytes and membrane, respectively. These
results mean that high affinity binding sites exist in
both systems.

BINDING AS A FUNCTION
oF [PH]CORTICOSTERONE CONCENTRATION

The kinetic parameters of corticosterone binding to
both plasma membrane and hepatocytes have been
determined using the Scatchard analysis (Scatchard,
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Fig. 2. Time course of the dissociation of [*H]corticosterone from
hepatocytes in the presence of 10 uMm of deoxycorticosterone
(M) and from liver plasma membranes in the presence 10 uMm of
corticosterone (). Hepatocytes (1.5 x 10° cells/ml) and mem-
branes (0.2 mg/ml) were incubated with 4 nm H]corticosterone
at 2°C in HEPES and Tris buffers, pH 7.4, respectively. The
points are the mean * Sgm of triplicate determinations

1949). The incubated samples contained [*H]corti-
costerone at different final concentrations, from 0.4
to 25 nM. To determine unspecific binding, 10 uM of
deoxycorticosterone or corticosterone were used as
displacers for hepatocyte and membrane, respec-
tively.

In experiments with hepatocytes it was neces-
sary to differentiate between the uptake of cortico-
sterone into the cell and the steroid bound to mem-
brane and other subcellular structures. Thus, two
different series have been made simultaneously. In
one the samples were frozen in liquid nitrogen after
2 hr of incubation. The cells were broken, as it was
corroborated by optical microscopy, and the
[*H]corticosterone trapped into cytosol was liber-
ated by ultrafiltration. In the other one the samples
were filtered without freezing. The binding values
obtained from the unfrozen series were 15% higher
than those from frozen series. This percentage could
be considered as the free corticosterone trapped into
the cytosol. In Fig. 3A it is observed that the specific
binding of the frozen and broken cells series does
not reach the saturation. From the Scatchard plot
(Fig. 3B) two different sites can be determined. The
kinetic parameters were calculated by the least-
squares method. The high affinity site has a K, =
8.8 nMm and B, ,, = 1477 fmol/mg protein and the low
affinity one has a K, = 91 nMm and B_,, = 9015
fmol/mg protein. Binding for plasma membrane is

a saturant process (Fig. 4A4) and only one type of
reversible binding site for corticosterone can be de-
terminate from the Scatchard plot (Fig. 4B). A maxi-
mum binding of 1982 fmol/mg protein with a dissoci-
ation constant, K, of 11.2 nm was reached. From
the binding data the calculated Hill coefficient was
0.985.

STEREOSPECIFICITY
OF CORTICOSTERONE BINDING

The specificity of the [*H]corticosterone binding
sites for hepatocytes and plasma membranes was
determined using different steroids that competed
for the same binding site. Glucocorticoids and other
steroids have been assayed in concentrations that
ranged from 107 % to 107* m (Figs. 5-7).

To be able to compare the different affinities,
we have calculated the ICy, value, which indicates
the concentration of steroid competitor that cause
50% of displacement of [*H]corticosterone taking
this one alone at 100% (Table 2). In this table it is
observed that from all the steroids assayed, using
either hepatocytes or membranes, only cortisol, de-
oxycorticosterone, progesterone, testosterone, al-
dosterone, prednisolone, norgestrel and 208-hy-
droxyprogesterone displace with higher or lower af-
finity the [*H]corticosterone from its binding site.
Other steroids, as estradiol, dexamethasone, triam-
cinolone acetonide, RU38486 and ouabain, have no
affinity for the binding site (Figs. 5-7).

INFLUENCE OF ADRENERGIC ANTAGONIST
ON [’H]CORTICOSTERONE BINDING

As possible displacers of [*H]corticosterone from
its site, alpha- and beta-adrenergic antagonists were
investigated. Final concentrations of propranolol
and phentolamine between 0.1 nMm to 10 uM were
assayed for hepatocytes and plasma membranes
(Fig. 8). As it is observed in the figure neither pro-
pranolol nor phentolamine displaced significantly
the [*H]corticosterone bound to hepatocytes or puri-
fied plasma membrane fraction.

Discussion

Our results demonstrated the presence of specific
binding sites for corticoids in rat hepatocytes and
liver plasma membranes. This binding is reversible
and temperature dependent for both systems and it
1s saturable only with plasma membranes.

The presence of enzymes that metabolize corti-
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Fig. 3. (4) Binding of [*H]corticosterone as a function of radioactive steroid concentration (0.4-25 aM) to rat hepatocytes at 2°C in
HEPES buffer, pH 7.4. Two sets of incubation were carried out simultaneously with the same cells (1.5 x 10° cells/ml) in the presence
and absence of deoxycorticosterone 10 uM for 2 hr. After incubation all the samples were frozen in liquid nitrogen and thawed
afterwards. Specific binding (CJ) and nonspecific binding (M). Points indicate the means + sem of quadruplicate determinations. (B)
Scatchard analysis of the specific binding data. Kinetic parameters were calculated by the least-squares method. The correlation values
obtained were 0.98 and 0.94. B, [*H]corticosterone bound (fmol/mg protein); F, [*H]corticosterone free (nMm)
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Fig. 4. (A) Binding of [*H]corticosterone to rat liver plasma membranes in function of radioactive steroid concentration (0.4-25 nm)
at 2°C in Tris buffer, pH 7.4. Two sets of incubation were carried out simultaneously with the same plasma membranes (0.2 mg/ml)
in the presence and absence of corticosterone 10 uM for 2 hr. Specific binding (O) and nonspecific binding (M). Points indicate the
mean * sEM of quadruplicate determinations. (B) Scatchard plot of the specific binding data of A obtained by least-squares method (r
= 0.985). B, [*H]corticosterone bound (fmol/mg protein); F, [*H]corticosterone free (nM)
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Fig. 5. Influence of various steroids on the binding of [*H]corticosterone to rat hepatocytes (A) and liver plasma membranes (B).
Hepatocytes (1.5 x 10° cells/ml) and membranes (0.2 mg protein/ml) were incubated for 2 hr at 2°C with 4 nm [*H]corticosterone in
HEPES and Tris buffers, pH 7.4, respectively. The incubations were carried out in the absence (100% of binding) and presence of
different concentrations (0.1 nM—0.1 mm) of steroids. The points are the mean = SEM of quadruplicate determinations
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Fig. 6. Influence of various steroids on the binding of [*H]corticosterone to rat hepatocytes (4) and liver plasma membranes (B).

Conditions of incubation were similar to those described in Fig. 5

costeroids cannot explain this binding because these
enzymes can only be found in microsomes and sar-
coplasmic reticulum fractions; the data obtained
from binding studies and marker enzyme analysis
confirm our results. The physiological role of steroid
occurs in a limited range of concentrations and the
uptake can only occur with high affinity receptors
(Duval, Durant & Homo-Delarche, 1983). It has
been also described that the steroid penetrate into
target cells by specific carrier mechanisms (Rao,
1981; Szego & Pietras, 1981; Allera & Rao, 1986).

On the other hand, binding sites or receptors for
glucocorticoids have been reported for liver plasma
membranes (Suyemitsu & Terayama, 1975; Allera,
Rao & Breuer, 1980; Trueba et al., 1987; Quelle et
al., 1988; Guendouz et al., 1988; Trueba et al.,
19894), pituitary gland (Koch et al., 1978; Koch,
Sakly & Lutz-Butcher, 1981), skeletal muscle (Sa-
vart & Cabillic, 1985) and Xenopus oocytes (Sadler
& Maller, 1982; Sadler, Bower & Maller, 1985).
The [*H]corticosterone-hepatocyte binding
shows a pattern for two independent types of sites.
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Fig. 7. Influence of various steroids on the binding of [*H]corticosterone to rat hepatocytes (A) and liver plasma membranes (B).

Conditions of incubation were similar to those described in Fig. 5

Table 2. Competition for [*H]corticosterone binding sites in
plasma membranes and hepatocytes of various unlabeled steroids

Unlabeled steroid ICq (nM)
Membranes Hepatocytes

113-Hydroxyprogesterone 128 209
Progesterone 243 355
Corticosterone 256 407
Deoxycorticosterone 496 339
Cortisol 676 245
Prednisolone 985 549
Norgestrel 3162 4677
Aldosterone 6046 4890
Testosterone 9087 3890
208-Hydroxyprogesterone 15150 4570
RU28362 not displaced 4677

Results are presented as competitor concentration that displaces
the 50% of the [*H]corticosterone binding which was taken as
100% (IC4). Plasma membranes from liver were incubated with
4 nM ["H]corticosterone alone or in the presence of different
concentrations of unlabeled steroids. The results are the mean of
quadruplicate determinations.

The first site has high affinity and low capacity and
the second one has low affinity and high capacity of
binding. In contrast, the model for [*H]cortico-
sterone-plasma membrane interaction corresponds
to only one independent and equivalent site. We
think that this site in the membrane and the one
of high affinity in hepatocytes are the same. This
hypothesis can be confirmed because the high affin-
ity dissociation constants and the maximum capacity
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Fig. 8. [*H]corticosterone binding to rat hepatocytes (open sym-
bols) and liver plasma membranes (filled symbols) in presence
of phentolamine (O, @) and propranolol (O, W). Conditions of
incubation were similar to those described in Fig. 5, but in the
presence of different concentrations (0.1 nmM-0.1 mM) of adrener-
gic antagonists. The points are the mean + SEM of triplicate
determinations

of binding obtained are similar in both systems. The
presence of the two kinds of binding sites in hepato-
cytes could be explained by the fact that [*H]corti-
costerone can also be bound to other subcellular
membrane structures.

From competition experiments with other ste-
roids, it is necessary to mention that estradiol, dexa-
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methasone, triamcinolone acetonide, ouabain and
RU38486 do not compete for these binding sites in
both systems. RU28362 show a different effect in
membrane (do not displace) and hepatocytes (dis-
place with fow affinity). RU38486 and RU28362 are
specific antagonists for cytosolic glucocorticoid re-
ceptor (Moguilewsky & Philibert, 1984; Groyer et
al., 1985; Hermann, Schramm & Ghraf, 1987); there-
fore, we can infer that the binding site is different
from the nuclear estrogen receptor, the nuclear glu-
cocorticoid receptor and the Na* ,K*-ATPase digi-
talis receptor (Labella et al., 1985).

From the displacement studies of [*H]cortico-
sterone bound to plasma membrane, we have deter-
mined the affinity order for the competitor steroids
based on the IC,, values (Table 2). This order de-
creases as follows: 118-hydroxyprogesterone > pro-
gesterone, corticosterone > deoxycorticosterone,
cortisol > prednisolone > norgestrel > aldosterone,
testosterone > 208-hydroxyprogesterone. Thus, our
binding site binds progestin and corticoids preferen-
tially, on the contrary, the nuclear progesterone re-
ceptor has no affinity by glucocorticoids and has
high affinity to RU38486 (Groyer et al., 1985). There-
fore, we can say that this corticoid binding site is
different from the nuclear progesterone receptor. In
the same way, it is different to CBG because of
norgestrel does not bind this serum protein (Qi-Gui
& Hiimpel, 1990). The relatively high affinity of pro-
gesterone and progesterone derivatives towards the
plasma membrane binding site is related to its struc-
tural similarity with natural glucocorticoids (com-
mon structure: 3-oxo-4-ene).

Our data are according with those found by Su-
yemitsu & Terayama (1975), Koch (1978), Koch et
al. (1978), Savart & Cabillic (1985), Trueba et al.
(1989a,b), and prove that this specific binding
site is not exclusive for corticosterone and shows
preference by progestins and glucocorticoids.

The dissociation constant for high affinity corti-
costerone binding to membranes (11.2 nm) and hepa-
tocytes (8.8 nm) are similar to that calculated from
the association and dissociation kinetics (9.0 and 9.8
nM, respectively) which demonstrate the validity of
the methodology employed. This K, value is of the
same order of magnitude that the one obtained by
other authors with steroids and membranes (Suye-
mitsu & Terayama, 1975; Koch et al., 1978; Savart
& Cabillic, 1985; Trueba et al., 1987, 1989b). Based
on K, and B,,,, values and steroid affinities we can
say that this high affinity site determined for [*H]cor-
ticosterone is possibly the same that was character-
ized previously with cortisol (Trueba et al., 198954)
and corticosterone in mouse liver (Trueba et al.,
1989a).

On the other hand, the existence of a plasma

membrane steroid hormone receptor has been re-
ported (Sadler & Maller, 1982; Blondeau & Baulieu,
1984). The binding of the steroid to that receptor or
binding site, in our case, could cause the release of a
second messenger such as Ca’™ into the intracellular
medium, since we have already described in our
system that the early glycogenolytic effect is inde-
pendent of the cAMP levels (Diez et al., 1984; San-
cho et al., 1986, 1988; Vallejo et al., 1986; Sanchez-
Bueno et al., 1987).

Furthermore, it has been demonstrated that es-
tradiol activates methylating enzymes involved in
the conversion of phosphatidylethanolamine to
phosphatidylcholine in membranes (Drouva et al.
1986), and we have found an increased phospholipid
methylation and glycogen phosphorylase activation
after a single dose of dexamethasone in mouse liver
(Marino et al., 1988).

The specific binding site determined in plasma
membrane is different from the recently character-
ized binding of corticosteroid binding globulin to rat
cell membranes (Singer et al., 1988). This binding
was a little specific at 4°C, and maximal binding was
obtained at 37°C. The kinetic parameters were K
= (.84 uM and a binding capacity of 39 pmol/mg
membrane protein. Thus, the K, and B,,,, are 100-
and 2-fold higher than that obtained for the corticoid
binding sites in this work.

Also, Su, London and Jaffe (1988) have identi-
fied specific o binding sites in mammalian brain and
lymphoid tissue. The findings suggest that interac-
tions of progesterone and other steroids with o re-
ceptors may constitute an important link between
the endocrine, immune and central nervous systems,
as for instance, in the anti-inflammatory action.

Recent studies suggest the presence of specific
glucocorticoid binding sites on rat liver microsomal
membranes. Chromatography on DEAE Trisacryl
and heparin Ultrogel confirmed that the solubilized
protein is different from CBG and the nuclear gluco-
corticoid receptor (Guendouz et al., 1989). Their
binding site, according to K, and competition exper-
iments with steroids, coincide with ours obtained
from purified plasma membrane fraction.

Our results show a plasma membrane corticoid
binding site that may play a role in glucocorticoid
hormone action. For instance, a defect or complete
loss of this steroid binding site may be the cause of
steroid resistance and/or loss of response to steroid
hormones already known, in the presence of func-
tionally intact nuclear receptors.
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