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SUMMARY

The class of steroidal anti-hormones which exert their effect by interaction with the target cell cytosol
receptor has been studied with a view to developing a method of screening for highly specific anti-
hormonal agents. It has been shown that compounds with moderate affinity for the receptor may
be classified as either true agonists or impeded agonists with possible antagonistic activity, whereas
compounds with weak affinity are weak agonists, but also likely antagonists. These studies have
been carried out on the androstanolone, estradiol, aldosterone and progesterone receptors and are
illustrated by the results obtained with a potent anti-androgen (R 2956), anti-estrogen (RU 16117),
anti-aldosterone (spironolactone) and anti-progesterone (R 2323). The primary advantage of running
studies in parallel on several receptors resides in the possibility of classifying the anti-hormones
according to whether they possess affinity for a given receptor, thus providing a criterion for the
selection of highly specific compounds virtually devoid of hormonal side-effects. Moreover, since
similar hormonal receptors with the same physico-chemical parameters and specificity exist in various
species including man, animal receptor data may be extrapolated to human studies, allowance being

made in the evaluation of activity for variations in pharmacokinetics and metabolism.

INTRODUCTION

Studies over the last decade have firmly established
that cytosol from hormone-sensitive tissues contains
hormone-specific receptors [1-6]. Moreover, for any
particular hormone, this cytosol receptor has the
same physicochemical properties in different species
including man, as for instance has been lately demon-
strated in the case of the progestin receptor [7-10].
The search for potent hormonal steroids has therefore
been focussed on the determination of the basic struc-
tural requirements for high affinity steroid-receptor
interactions [10-13] in order to construct the kernel,
which having undergone the appropriate chemical
modifications to ensure good pharmacokinetics and
metabolism in man, will give the ideal clinically active
form. Until now, however, all these studies have con-
sidered compounds in relation to a single receptor
only and no attention has been given to the elabo-
ration of the hormonal profile of a compound via
receptor binding studies. Such a study might be of
special interest to deduce the requirements for disso-
ciation of basic hormonal activities and for possible
hormone antagonism. Moreover, these requirements
might lead to the conception of a compound which
interacts highly specifically, but weakly, with the
receptor and thus prevents it from undergoing the
conformational changes necessary to induce the bio-
logical response [14].

The following study on several potent anti-hor-
mones was performed in order to judge the value
of receptor binding studies carried out in parallel
under standardized conditions for the screening of
hormona! antagonists acting at the cytosol receptor
level.

EXPERIMENTAL RESULTS

Hormone-specific binders in cytosol from hormone-sen-
sitive tissue

Figures 1 to 4 illustrate the existence of hormone-
specific binding components in hormone-sensitive tis-
sue cytosol from a variety of species. They show the
sedimentation in sucrose gradients of complexes
formed between labelled natural hormone (estradiol,
androstanolone, progesterone and aldosterone) and
cytosol receptor. In each case, addition of excess
radioinert hormone suppresses the labelled peak, thus
demonstrating the saturability of the cytosol receptor.

The choice of tissue in these examples was gov-
erned either by their use in classic tests for the
measurement of biological activity or by the possible
clinical implications of drugs acting on these
tissues.

Estradiol binds to a cytosol receptor in the mouse
uterus (Fig. la) which is widely used for routine
evaluation of uterotrophic and anti-estrogenic activi-
ties [15]. It also binds specifically to the anterior and,
to a lesser extent, middle regions of the rat hypothala-
mus [16, 17], but as expected does not bind to ner-
vous tissue which does not respond to a hormonal
stimulus (cortex) (Fig. 1b). The action of estradiol,
both at a peripheral and central level, is therefore
mediated by interaction with a specific cytosol recep-

tor.
Androstanolone is bound in rat prostate cytosol

(Fig. 2a)—rat prostate is the classic material for deter-
mination of androgenic and anti-androgenic activi-
ties [18]—and also by the sebaceous gland of the
hamster (Fig. 2b)[19], a model used for the study
of anti-androgens in the treatment of acne [20].
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Fig. 1. In vitro binding of labelled estradiol to uterine cytosol from immature mice (a) and to rat
hypothalamus and cerebral cortex cytosol (b).

Homogenization of tissue (0-33 g/ml (a) or 0-66 g/ml (b)) in an ice-cooled Teflon-glass homogenizer
in 0-01 M Tris-HCl (pH 7-4), 1-5mM EDTA buffer (a) containing 12 mM thioglycerol (b); centrifugation
at 105,000 g for 60 min; incubation of 1ml cytosol with 2nM (a) or 0-2nM (b) [6,7->H]-estradiol
(58 Ci/mmol) either alone or in the presence of 200 nM (a) or 20 nM (b) radioinert estradiol for 60 min
(a) or 30 min (b) at 0°C; layering (0-3 ml) on a 6-5-20°%, sucrose gradient; centrifugation at 42,000 rev./
min (a) or 47,000 rev./min (b) for 18h (a) or 16 h (b) at 4°C in a Spinco L,65B (SW 501 rotor);

radioactivity count on 2-drop fractions.

Progesterone is known to bind to a specific uterine
cytosol receptor common to various species [10] as
illustrated in Fig. 3 for human endometrium and
myometrium. A potent synthetic progestin R 5020
(17,21-dimethyl-19-nor-4,9-pregnadiene-3,20-dione),
which is not bound by the CBG-like receptor which
interacts with progesterone, but which is bound by
the “7-8S” progesterone receptor, was used to bring
this binding into evidence. Competition by the potent
progestin, norgestrel  (13-ethyl-17-hydroxy-18,19-
dinor-17a-4-pregnen-20-yn-3-one) [21], and by the
impeded progestin, R 2323 (13-ethyl-17-hydroxy-
18,19-dinor-174-4,9,11-pregnatrien-20-yn-3-one) [22-
24], has established the progestin-specificity of this
receptor.

Aldosterone, the only hormone considered here
which is not a sex-hormone, binds to different classes
of specific cytosol receptors present in the kidney [25]
and is active in stimulating transepithelial Na* trans-
port. The transfer of electrolytes is commonly studied
on the frog skin[26] and, as shown in Fig. 4b, an
aldosterone-specific receptor has been identified in
this tissue.

Methodology to track the hormone-specific receptor im-
plicated in a pure biological response

Cytosol contains various binding components,
other than the hormone-specific receptor chosen for
study, the influence of which has to be eliminated
if the true competitive effect of the hormone is to
be determined. These components are:

Non-specific binding whether of tissular or plasmatic
(contamination) origin. This may be minimized by
carefully washing the tissue or by diluting. For in-
stance, non-specific binding is negligible in very dilute
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Fig. 2. In vitro binding of labelled androstanolone to ven-
tral prostate cytosol from castrated rats (a) and to seba-
ceous gland cytosol from castrated hamsters (b).

Incubation of minces (500 mg (a) or 80 mg (b)) in 5 ml
Krebs-Ringer Phosphate buffer with 10nM [la-*H]-
androstanolone (24 Ci/mmol) either alone or in the pres-
ence of SuM (a) or 1 uM (b) radioinert androstanolone
for 30 min at 0°C; homogenization in an ice-cooled Tef-
lon—glass homogenizer in 4 ml (a) or 1-5 ml (b) 0-01 M Tris-
HCl (pH 74), 1'5mM EDTA, 2mM mercaptoethanol
buffer; centrifugation at 105000¢ for 60 min; layering
(0-8 ml) on a 5-359 glycerol gradient; centrifugation at
40,000 rev./min for 18 h at 4°C in a Spinco L,65B (SW
41 rotor); radioactivity count on 4-drop fractions.
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Fig. 3. In vitro binding of labelled progestin to human endometrial (a) and myometrial (b) cytosol.

Homogenization of 0-33 g/ml tissue from estrogen-treated women in an ice-cooled Teflon—glass homo-
genizer in 001 M Tris-HCl (pH 74), |-5mM EDTA, 12mM thioglycerol, 10% (v/v) glycerol buffer;
centrifugation at 105,000 g for 60 min; incubation of 1 ml cytosol with 6 nM labelled hormone ([6,7-*H]
R 5020 (51 Ci/mmol), [1-*H]-progesterone (27 Ci/mmol)) either alone or in the presence of 100 nM
radioinert steroid for 60 min at 0°C; layering (0-3 ml) on a 5-20% sucrose gradient prepared in homo-
genization buffer; centrifugation at 45,000 rev./min for 16 h at 4°C in a Spinco L,65B (SW 50-1 rotor);
radioactivity count on 2-drop fractions. R 5020 = 17,21-dimethyl-19-nor-4,9-pregnadiene-3,20-dione;
R 2323 = 13-ethyl-17-hydroxy-18,19-dinor-17x-4,9,1 1-pregnatrien-20-yn-3-one; Norgestrel = 13-ethyl-

17-hydroxy-18,19-dinor-17x-4-pregnen-20-yn-3-one.

media as used for radioimmunoassay [27]. Otherwise,
two techniques are particularly useful: differential dis-
sociation of specific and non-specific binding by the
use of Dextran-coated charcoal [28] and repre-
sentation of data in a proportion graph for sub-
sequent mathematical analysis of the binding
curve [29, 30].

Enzymes. By the use of cytosol at 0°C and also
by choosing the active metabolite for binding studies,
the effect of enzymatic activity can be obviated. Tes-
tosterone is primarily active via Sa-reduction to
androstanolone which binds to the rat prostate cyto-
sol receptor with an intrinsic association constant of
1 x 10°M ™!, although as yet there is no unequivocal
evidence that testosterone is inactive per se. There
is no Sa-reductase activity in cytosol {31], but on
the contrary, enzymes reducing androstanolone to the
diols are present [32]. The use of androstanolone with
cytosol at 0°C therefore meets both requirements of
the use of the active metabolite with high affinity
for the receptor and reduction of undesirable enzyma-
tic activity.

Binding to a specific plasma protein. The presence
of cytosol-contaminating specific plasma binding pro-
teins, such as estradiol binding protein (EBP) in the
immature rat [33], sex steroid binding protein (SBP)
which binds estradiol and testosterone in man [34]
and progesterone binding globulin (PBG) in the preg-
nant guinea-pig [35, 36] restricts the use of these spe-
cies for the study of estradiol, testosterone and pro-
gesterone binding respectively. In some instances,

however, the plasma protein is present in all species,
e.g. corticosteroid binding globulin (CBG) [37], and
methods for eliminating the binding have to be
devised. For instance, in uterine cytosol, progesterone
exhibits saturable-binding not only to a “7-88” pro-
gestin-specific receptor but also to a CBG-like com-
ponent [7, 8, 38, 39]. Several techniques have already
been developed to track the progestin-specific recep-
tor, namely, pooling the fractions corresponding to
a single peak of a sucrose gradient [8], precipitation
of total cytosol with 40%, ammonium suifate [93, use
of an excess of a ligand specific to the interfering
binder or of immunoadsorption by an antibody. The
technique, which, however, in our laboratories has
given the most spectacular results, is the use of a
tag such as the highly potent progestin, R 5020,
which is specifically bound by the “7-8S” but not
“4-58” progesterone receptor [7-10].

Binding to a specific tissue receptor other than the
receptor under study. In this case, methods such as
separation of a gradient into pooled fractions and
precipitation by ammonium sulfate cannot be used.
A synthetic tag bound by the receptor under study
only would distinguish between several receptors, but
is not always available. Such a tag is for instance
lacking for the study of aldosterone which exhibits
two kinds of specific binding and low non-specific
binding in rat kidney cytosol. According to our
studies (Fig. 5), aldosterone binds to the low affinity
site (the so-called “glucocorticoid receptor”) with an
intrinsic association constant (K, of 8 x 10" M ™!
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Fig. 4. In vitro binding of labelled aldosterone to kidney
cytosol from adrenalectomized rats (a) and to skin cytosol
from frogs maintained for 3 days in 6%, NaCl (b).

Kidney cytosol: Preparation of slices from kidneys per-
fused with 50 ml 0-:01 M Tris-HC! (pH 7-4), 1-5mM EDTA,
12 mM thioglycerol, 109 (v/v) glycerol buffer; incubation
of slices (500 mg) in 5 ml of Krebs—Ringer Phosphate buffer
with 5nM [1,2-3H]-aldosterone (53-2 Ci/mmol) either
alone or in the presence of 500 nM radioinert aldosterone
for 30 min at 25°C; homogenization of incubated slices in
an ice-cooled Teflon—glass homogenizer in above glycerol
buffer; centrifugation at 105000¢ for 60 min; layering
(0-3ml) on a 5-209 sucrose gradient; centrifugation at
42,000 rev./min for 17 h in a Spinco L,65B (SW 50-1 rotor);
radioactivity count on 2-drop fractions.

Skin cytosol: Homogenization of mucosal cells from ven-
tral skin (250 mg) in an ice-cooled Teflon-glass homo-
genizer in [ ml of 0-1 M Tris—HCI (pH 7-4), 3mM CaCl,
buffer; incubation of 2 ml homogenate with 0-5nM [1,2-
3H]-aldosterone (53-2 Ci/mmol) either alone or in the pres-
ence of 50 nM radioinert aldosterone for 30 min at 0°C;
centrifugation at 105,000 ¢ for 60 min; layering (0-8 ml) on
a 5-35% glycerol gradient; centrifugation at 40,000 rev./
min for 18 h in a Spinco L,65B (SW 41 rotor); radioacti-
vity count on 4-drop fractions.

{number of binding sites (N)) = 2 x 107 ° M), a result
in agreement with published values [40], and to the
high affinity site (the so-called “mineralocorticoid
receptor”) with a K, of 1 x 10"°M™! (N, =002 x
107° M). This latter result differs from previous esti-
mates [40], the discrepancy probably being due to
the higher precision of the mathematical analysis used
for the interpretation of a proportion graph.

Attempts have been made to eliminate the influence
of the low affinity receptor by saturation with dexa-
methasone [13], but this compound is in fact bound
by both specific binders [407] and the extent to which
it interferes with each binder cannot be evaluated
with precision. In the present study, only competition
for total aldosterone binding has been measured.

Screening of four potent anti-hormones on single hor-
mone-specific receptors

Having eliminated all undesirable binding com-
ponents by the choice of suitable systems, species
and tags, we are now in a position to study the interac-
tion between various ligands and a well-defined speci-
fic cytosol hormone receptor. In the present study,
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interest has been focussed on the use of such receptors
to further characterize the class of anti-hormones,
which act at the cytosol receptor level. In order to
evaluate the merits of this system, four potent anti-hor-
mones, known to bind to a specific cytosol receptor,
have been chosen. Their structures, as compared to
the natural hormones, are given in Fig. 6.
RU 16117 [17], the 11z isomer of the very potent
estrogen, R 2858[11,17,33], is a highly active anti-
estrogen with very weak uterotrophic activity.
R 2956 [41-43], a dimethyl derivative of an ex-
tremely potent androgen, R 1881 [44], is a powerful
testosterone antagonist with very low androgenic acti-
vity. R 2323 [22-24], a triene otherwise analogous to
a potent progestin, norgestrel, is an anti-progesterone
interfering with gestation and exhibiting moderate
progestomimetic activity. Spironolactone [45,46] is a
well-known anti-aldosterone.

Various aspects of the binding and biological acti-
vity of these compounds have been analyzed indivi-
dually in Tables 1 and 2. Full data are given in
Table 3 which also succinctly describes the exper-
imental conditions used for biological activity deter-
mination and competition studies. Preference was
given to standardizing experimental conditions in
order to obtain entirely comparable results, rather
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Fig. 5. Proportion graph of aldosterone binding to rat kid-
ney cytosol.

Kidneys from rats adrenalectomized 8 days previously
were perfused with 50 ml of ice-cold 10 mM Tris-HCl (pH
7-4), 1-5mM EDTA, 0-25M sucrose buffer, minced, homo-
genized in 1/3 (w/v) of the same buffer in a Teflon-glass
homogenizer and then centrifuged at 105,000 g for 1 h. The
high-speed supernatant (cytosol) (12mg protein/ml) was
then incubated, in fractions of 0-5 ml, with 12 different con-
centrations of aldosterone (005 x 107° to 500 x 10~° M).
Binding was measured in triplicate by the Dextran-coated
charcoal adsorption method: 100 ul of cytosol in the pres-
ence of 50 ul of charcoal were stirred for 10 min at 0°C
then centrifuged at 1500 ¢ for 10 min. The radioactivity
of 100 ul supernatant samples was measured. Results are
represented in a proportion graph in which the log of the
fraction bound (B/T) and unbound (U/T) steroid is plotted
against the log of the total ligand concentration (T). This
S-shaped curve characteristic of two specific binding sys-
tems (B, and B,;) in the presence of non-specific binding
(B,,) has been decomposed into its constituent elements,
thus enabling the computerized determination of binding
parameters [29,30].
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Androgens and ann-androgen Testosterone Androstanolone (178-hydroxy-5«-androstan-3-one), R 2956

(178-hydroxy-2,2,17-trimethyl-4,9,11-estratrien-3-one);

Mineralocorticoid and anti-mineralocorticoid:

Aldosterone (118,18-epoxy-18,21-dihydroxy-4-pregnene-3,20-dione), Spironolactone (17-hydroxy-7x-mer-
capto-3-0x0-17a-4-pregnene-21-carboxylic,y-lactone, 7-acetate). All compounds were synthesized at the
Rousset-Uclaf Research Centre and tested for purity (>98%) by thin-layer chromatography.

than to the choice of optimal conditions for each
receptor. Binding results have been expressed as the
ratio of natural hormone concentration to test-com-
pound concentration required for 50% displacement

of labelled compound from specific binding sites. It

should be noted that this form of expression does
not reflect the true ratio of the intrinsic association
constants. Biological activity, measured in classic
tests, is given as the ratio of the active natural hor-
mone dose to test-compound dose giving rise to a
significant response or, in the case of hormone anta-
gonism, as dose multiples required to counter the
effect of an active natural hormone dose.

A pharmacological response measured in the ani-
mal varies according to many parameters: species,
sex, metabolic biotransformation routes undergone by
the test-compound etc....and can therefore only
be used to define, in general terms, the activity profile
of a compound. It cannot be equated with the intrin-
sic ability of this compound to induce a specific re-

v Be exnresse d in molecils
sponse which can onl, be CApressca in moiccular

terms [10]. For this reason, no attempt has been
made to draw quantitative correlations between bind-
ing and biological activities.

Results confirm that the chosen anti-hormones
compete for the cytosol receptor implicated in the
hormonal response they counteract, giving rise to
slight hormonal activity (Table 1, top section). Most

of the compounds in fact compete for more than
one receptor. For'instance, R 2323 binds not only
to the progestin receptor (0-5) but also to the
androgen (0:3) and aldosterone (0-3) receptors thus
grvmg rise to acCessory anurogemc lU G/-} auu, to a
much lesser extent, mineralocorticoid (0-00005) acti-
vity (Table 1, middle section). Receptor specificity and
sensitivity are more marked in the case of the estra-
diol receptor, which only binds its own class of com-
pounds tightly, than the androstanolone receptor
which interacts with most of the natural hormones
and with all but one of the chosen antagonists (Table

PRV S. SR |

1
1, UUuUlll dALLI0LL).

The sugul utt:rolru‘pmc d(.uVlIy
of androgens at pharmacological doses may in fact
be accounted for by binding to a uterine androgen
receptor [47].

Table 2 brings to light certain observations regard-
ing binding and activity antagonism. As has already
been established in previous investigations, the four
chosen test-compounds known to bind to a specific
uywwl receptor, are all hormone dnmgonlSls in bio-
logical activity tests (Table 2, top section). Some, by
interfering with more than one receptor, exert dual
activity. Whereas R 2956 is solely anti-androgenic,
spironolactone exerts both anti-aldosterone and anti-
androgenic activities [48-501 (Table 2, middle sec-

tion). Certain compounds exert another antagonistic
action without interacting with the receptor. For
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Table 1. Relative cytosol binding (a) and relative bio-
logical activity (b)

Receptor Tissue Binding Activity
RU 16117 Estrogen Mouse 0.05 0.01
uterus
R 295¢ Androgen Rat 0.2 0.02
prostate
R 2323 Progestin Rabbit 0.3 2.5
uterus
Receptor Tissue Binding Activity
Androgen Rat 0.3 9,02
prostate
R 2323 Progestin Rabbit 6.5 0.5
uterus
Aldosterone Rat 0.3 0.00005
kidney
Estrogen Androgen
Mouse uterus Rat prostate
Binding  Activity Binding  Activity
ESTRADIOL 1 1 0.1 Inactive
RU 16117 0.05 0.01 t Inactive
ANDROSTANDLONE + 0.8901 1 1
R 2858 + 4.093 9.2 .02
PROGESTERONE + Tnactive 6.1 Inactive
R 5020 + Inactive 0.1 Inactive
R 2323 t 8.001 0.3 g.02

{a) Relative binding = Ratio of concentrations (refer-
ence-compound/test-compound) required for 50% dis-
placement of labelled compound from specific binding
sites,

t = A concentration of 2500 nM does not compete.

(b) Relative activity = Ratio of active doses (reference
compound/test-compound) giving rise to a significant
response.

instance, RU 16117 is anti-estrogenic via binding to the
estradiol receptor (Table 2, top section), but anti-
progestomimetic via another mechanism. Similarly,
none of the tested progestins bind to the estradiol
receptor but all are anti-uterotrophic (Table 2, bot-
tom section).

Table 3, in summarizing all the results, reveals the
complexity of action of some of these anti-hormones,
in particular of R 2323. This compound is an anti-
progesterone [ 10] via binding to the progestin recep-
tor (0-5), but also binds to other receptors (androgen
(0-3) and aldosterone (0-3)) without however exerting
any marked biological activity. Although slightly
androgenic (0-02) and, to an even lesser extent, aldo-
sterone-like (0-00005), it has neither anti-androgen nor
anti-aldosterone properties. On the other hand, it
exhibits some uterotrophic (0-001) and anti-estrogenic
{100} activity without binding to the estrogen recep-
tor. Its uterotrophic activity could be explained by
binding to a uterine androgen receptor. Or, depend-
ing upon the species under study and its state of
maturity, it could be considered as the resultant of
biotransformation into an estrogen-like compound
and/or of interference with a mechanism regulating
the sensitivity of tissues to estrogen. Such an estrogen-
like action might potentiate its primary anti-hormonal
activity, namely, that of being an anti-progesterone.

CONCLUSIONS

The above results have brought to light two
mechanisms for anti-hormonal action, the one acting
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directly via the corresponding cytosol receptor, the
other by-passing this receptor. Only the former
mechanism, however, can be envisaged as a basis
for a systematic study of likely anti-hormones. The
present investigation attempts to determine whether
it is possible to screen for anti-hormones by receptor
studies and, thereby also, define the nature of the
anti-hormone obtained.

In vitro receptor studies have indeed revealed that
it is possible to determine. by molecular manipula-
tion, the structure which possesses high affinity for
a receptor and to equate this affinity with a certain
basic hormonal activity, if extraneous factors such
as pharmacokinetics and metabolism are taken into
account [ 10, 11]; they have also indicated that it is
possible by similar molecular manipulation to disso-
ciate these basic hormonal activities and deduce the
structure active at the level of a single receptor only.
Thus, the structural requirements necessary for high
affinity for a specific hormonal receptor can be
defined. Moreover, by careful substitution of the
highly specific molecule thus obtained, at points other
than those intervening directly in the interaction
with the receptor, it should be possible to construct
a molecule which will retain some affinity for the
receptor, will retain its high specificity towards this
receptor, but will either acquire improved pharma-
cokinetic and metabolic properties as a result of the
new substitutions or lose its ability to induce the
full hormonal response as a result of “inactivation”
of the steroid-receptor complex by steric hindrance.

Table 2. Relative cytosol binding {a) and relative acti-
vity antagonism (b)

Recepror Tissue Relative Activity
binding antagonism
RU 16117 Estrogen Mouse .05 10
uterus
R 2956 Androgen Rat 0.2 10
prostate
R 2323 Progestin Rabbit 0.5 10
uterus
SPIRONOLACTONE Aldosterane Rat 0.5 1000
kidney
Androgen Aldesterone
Rat prostate Rat kidney
Relative Activity Relative Activity
binding antagonism  binding  antagonism
R 2956 0.2 10 &.02 Inactive
SPIRONCLACTONE 0.3 20 1600
Receptor Tissue Relative  Activity
binding antagonism
ESTRADIOL ; Rabbit 0.002 0.025
RU 16117 Progestin  yperus + 1o
PROGE STERONE " + 300
R 5020 Bstrogen 'ﬁ‘;:;s + 3
R 2323 t 100

(a) Relative binding = Ratio of concentrations (refer-
ence-compound/test-compound) required for 509, dis-
placement of labelled compound from specific binding
sites.

+ = A concentration of 2500 sM does not compete.

{b) Relative activity = Dose muitiples required to
counter the effect of an active hormone dose {0-27 g
estradiol, 50 ug testosterone propionate. 200 ug proges-
terone, 1 ug aldosterone).
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Table 3. Relative cytosol binding and relative biologi-
cal activity as compared to reference compounds

ESTROGEN
Mouse uterus

Binding Weight increase Binding Proliferation
Induct. Inhib. Induct. Inhib.

PROGESTIN
Rabbit uterus

ESTRADIOL 1 1 0.002 + 0.025
RU 16117 0.05 0.0 10 + - 10
ANDROSTANOLONE + 0.001 - 0.002 - -
R 2956 + 0.003 + 0.001 0.05 -
PROGE S TERONE + + 300 1 1

R 5020 + + 33 100 +
R 2323 + 0.001 100 0.5 0.5 10
ALDOSTERONE  0.0005 - - 0.002 - -
SPIRONOLACTONE t - - 0.00t * -

ANDROGEN ALDOSTERONE

Rat prostate Rat kidney
Binding Weight increase Binding Na®/X* excretion
Induct. Inhib. Induct. Inhib.

ESTRADIOL 0.1 + + 0.005 - +
RU 16117 + + + t - -
ANDROSTANOLONE 1 1 t - -
R 2956 0.2 0.02 10 0.02 - +
PROGESTERONE 0.1 t + 0.3 0.00005 20000
R 5020 0.1 t + 0.05

R 2323 0.3 0.02 t 0.3 0.00005 20000
ALDOSTERONE 0.0001 - - 1 1
SPIRONOLACTONE 0.3 1 20 0.5 - 1000

Determination of competitive effect under standardized
experimental conditions

Determination of competitive effect on estradiol (a),
androstanolone (b), progestin (¢) and aldosterone (d)
receptors in immature mouse uterus (a), castrated rat
ventral prostate (b), estradiol-primed rabbit uterus (c)
and adrenalectomized rat kidney perfused with 50 ml
10 mM Tris-HCl (pH 7+4), 1-5mM EDTA, 0-25M suc-
rose buffer (d); homogenization of 1g tissue in 25 ml
(a), Sml (b), 50 ml (c) and 3 ml (d) of this same buffer;
centrifugation at 105000g for 1h; incubation of
0-25ml cytosol with 1 nM [6,7-*H]-estradiol (58 Ci/
mmol) (a), [1a-*H]-androstanolone (24 Ci/mmol) (b),
[6,7-*H1 R 5020 (51'4 Ci/mmol) (c), [1,2-*H]-aldoster-
one (532 Ci/mmol) (d) and | to 2500 nM competitor
for 2 h (a,b,c) or 3-5 h (d) at 0°C; measurement of bound
radioactivity by Dextran-coated charcoal adsorption;
analysis of results by proportion graph [29,30]; deter-
mination of concentration required for 50% displace-
ment of labelled compound from specific binding sites.
Results are expressed as the ratio of reference-com-
pound concentration to test-compound concentration.

Determination of hormonal activity

Estrogenic activity [15]: The uterine weight increase
is measured following administration for 3 days to 18-
day-old female mice. Androgenic activity [18]: The
prostate weight increase is measured following
administration for 10 days to 3-week-old castrated male
rats. Progestomimetic activity [51]: The endometrial re-
sponse is evaluated histologically in McPhail units fol-
lowing administration for 5 days to estradiol-primed
immature rabbits. Diuretic activity [52]: The Na*/K*
ratio is measured on urine collected over 4 h following
a single administration to male rats.

Determination of hormonal antagonism

The test-compounds are administered together with
0-27 ug estradiol (total dose) for determination of anti-
estrogenic activity [53], with 50 ug testosterone pro-
pionate for anti-androgenic activity [54], with 200 ug
progesterone for anti-progestomimetic activity [55] and
with 1 ug aldosterone to adrenalectomized rats for anti-
diuretic activity [56].

t+ = A 2500 nM test-compound concentration does
not compete in binding studies; the test-compound is
inactive in biological studies.

— = No results available.

Thus, this approach leads both to the ideal clinically
active form and the likely antagonist.

In the present studies, for each natural hormone
the interaction with a cytosol receptor has been stud-
ied in the hormone-sensitive tissue most frequently
used to bring this interaction to light (uterus for estra-
diol and progesterone, prostate for androstanolone,
kidney for aldosterone), but with a standardized tech-
nique in order that results be comparable. This stan-
dardized technique may, however, also be applied
to advantage to single tissues, where several receptors
coexist (estradiol, progesterone and androgen recep-
tors in the uterus), thus yielding useful models for
the further study of receptor-receptor interrelation-
ships, such as occur in the delicate estradiol-proges-
terone balance during the cycle. It might also consti-
tute an ideal tool for detecting the presence and
amount of different hormone receptors in human
breast cancer [57].
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