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Short communication

Cyproterone acetate displaces opiate binding in mouse brain
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Abstract

Drugs acting on androgen receptors modify opioid transmission in the central nervous system. To investigate a direct interaction, we
w3 x Žstudied whether the binding of H diprenorphine to mouse brain membranes was modified by cyproterone acetate progesterone
. Ž .derivative with antiandrogen activity , flutamide non-steroidal antiandrogen , 5a-dihydrotestosterone and progesterone. Only cyproterone

w3 x Ž Ž . y6 .acetate inhibited H diprenorphine binding IC s 1.62"0.33 =10 M without modifying its association rate. These results50

suggest that cyproterone acetate binds to opiate receptors independently of its classical androgenic intracellular receptor effect.
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1. Introduction

Interactions between opioids and steroids in the central
Ž .nervous system CNS have been described. It is well

known that opioids play an important role in regulating
gonadotropin secretion, and consequently, the level of

Ž .sexual steroids Pang et al., 1977; Veldhuis et al., 1984 .
The converse is also true, sex steroids modify opioid
transmission in the CNS. Changes in opiate receptor num-
ber have been described after chronic steroidal treatments
Ž . ŽZhou and Hammer, 1995 , gonadectomy Piva et al.,

. Ž .1995 , or even during the estrous cycle Hammer, 1990 .
Ž .In both animals and humans Ruda, 1993; Unruh, 1996 ,

gender differences in pain sensitivity have been reported.
Many studies in animals have been carried out under
different hormonal treatments, and generally, the presence
of androgens is related to lower pain responsiveness
Ž .Candido et al., 1992 or greater analgesic responses to

Ž . Žmorphine Kepler et al., 1991 or stress Baamonde et al.,
.1989; Kavaliers and Galea, 1995 . In addition, some an-

abolic steroids have been shown to have abuse liability and
Ž .dependence potential Lukas, 1993 and may show a simi-

lar withdrawal syndrome to opioids. Although most of
these interactions could be attributed to the long-term
effects of steroids mediated through transcriptional mecha-
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nisms, a direct interaction of androgens and opioids at the
membrane level cannot be discarded. To our knowledge,
two previous reports have studied the interactions between
sexual steroids and opiate binding in the CNS of the rat
Ž .LaBella et al., 1978; Schwarz and Pohl, 1994 . Despite

Ž .their extensive study 150 compounds assayed , LaBella et
Ž .al. 1978 described that only 17a-hydroxy-estrogens, but

no other estrogens, gestagens or androgens, were able to
w3 xdisplace the binding of H naloxone in rat brain. Schwarz

Ž .and Pohl 1994 also reported that only estrogens, but not
gestagens, androgens or other steroids modified this bind-
ing. In both cases, the phenolic nature of the A steroidal
ring seemed important for competition to occur. Thus,
from these previous experiments a direct interaction be-
tween androgenic drugs and opioids has not been reported.

Ž .However, except for danazol Schwarz and Pohl, 1994 ,
only natural androgens but not synthetic antiandrogens
Ž .that have a higher affinity for the androgen receptor were
tested. Consequently, our aim was to further investigate a
possible direct interaction of androgenic drugs in the opi-
ate receptor by assaying synthetic antiandrogens. For this

Žpurpose, we chose cyproterone acetate a synthetic proges-
terone derivative with antiandrogen activity of wide clini-

. Ž .cal use , flutamide a synthetic non-steroidal antiandrogen
and, for comparison, the natural androgen 5a-dihydro-
testosterone, and the natural progestagen, progesterone.
The effect of these drugs on the binding of the non-specific

w3 xopiate antagonist, H diprenorphine, to crude membrane
fractions of mice brains was studied.
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2. Materials and methods

Ž .Swiss CD1 male mice 45–55 days old were killed by
Ž .decapitation. Brains without cerebellum were removed

and homogenised in 17 volumes of ice-cold 50 mM Tris-
ŽHCl pH 7.4 which contained bacitracin 0.01% subse-

.quently referred to as buffer using a Kinematica Polytron
Ž .20 s, set at 5 . The homogenate was centrifuged at 30 000
rpm for 15 min. The pellet was resuspended in buffer,
vortexed, kept for 30 min at 48C and then centrifuged as
before. The resulting pellet was resuspended in 12 volumes

Ž .of buffer and gently homogenised 5 s, set at 3 to yield a
Žfinal protein concentration of 2–2.5 mgrml Bradford,

.1976 . For displacement studies, 100 ml of the crude
membrane suspension were incubated at 258C for 60 min
Ž . w3 xor 100 min in a specific case with H diprenorphine,
Ž . y9 Ž .0.25–0.4 =10 M Amersham Iberica in buffer with´

Ž y5 .or without 100 ml naloxone 10 M final concentration
Ž . y6and in the presence of 100 ml of steroids, 0.1–100 =10

Ž .M final concentration, Sigma in a final volume of 1 ml.
Certain experiments were designed to study the displace-
ment induced on the different types of opiate receptors
labelled by diprenorphine. These assays were run in the

Ž y6 .presence of 100 ml of a high concentration 10 M of
Žw 2 4 5the unlabelled ligands, DAGO D-Ala , N-Me-Phe ,Gly -

x . Žw 2 5 x .ol enkephalin , DPDPE D-Pen ,D-Pen enkephalin and
Ž Ž . w ŽU-50488H trans- " -3,4-dichloro-N-methyl-N- 2- 1-pyr-

. xrolidinyl -cyclohexyl benzeneacetamide, methanesulfonate
. Ž .salt Sigma which remain selective at this concentration

Ž y7 .10 M, final concentration , for m, d or k receptors
Ž .respectively Goldstein, 1987 . The addition of two of

these ligands leaves unmasked only one type of receptor to
w3 xwhich H diprenorphine can bind. In all cases, the binding

reaction was terminated by rapid filtration of the mixture
Žthrough Whatman GFrB filters pre-soaked for 30 min in

.0.1% bovine serum albumin incubation buffer . The filters
were washed twice with 5 ml of ice-cold buffer and
transferred to polyethylene counting vials. 4 ml of scintilla-

Ž .tion cocktail Scharlau Cocktail Biogreen1 , were added to
each vial which was counted 24 h later by a 1211 Rack-

Ž .beta LKB scintillation counter. For kinetic studies the
method was the same except for the incubation period
which ranged from 2 min to 120 min. All experiments
were run in triplicate and repeated three times.

In competition studies, the IC and the slope were50
Žcalculated, and, in kinetic studies, the K associationobs

.rate constant , by using the computer program RADLIG
Ž .Elsevier Biosoft, edited by McPherson, 1994 which uses
a weighted non-linear curve-fitting analysis.

3. Results

w3 xIn order to ensure that the affinity value of H dipre-
norphine in our assay conditions was in the range of those

Ž .reported Sadee et al., 1982 , previous saturation studies´

w3 x Ž y1 0Fig. 1. Inhibition of the specific binding of H diprenorphine 4=10
. Ž .M to mouse brain membranes by cyproterone acetate % , flutamide

Ž . Ž .v and 5a-dihydrotestosterone ^ . Specific binding was calculated as
the difference between the mean of the total binding and the non-specific

Ž y5 .binding in the presence of 10 M of naloxone . Results are from one
experiment run in triplicate.

were performed. The incubation of mouse brains during 60
w3 xmin with increasing concentrations of H diprenorphine

Ž . Ž .data not shown yielded a K value of 0.27"0.55 =d

10y9 M, as expected. In these experimental conditions,
Ž y7 y5 .cyproterone acetate 10 –5=10 M completely inhib-

w3 x Ž . y9ited the binding of H diprenorphine 0.3–0.4 =10 M
Ž . Ž . y6Fig. 1 . The IC obtained was 1.62"0.33 =10 M50

Ž .and the slope 0.83"0.08 did not deviate significantly
from unity. However, neither flutamide nor 5a-dihydro-
testosterone were able to modify this binding using con-
centrations up to 10y4 M. Since cyproterone acetate,
unlike flutamide and 5a-dihydrotestosterone, is a proges-
terone derivative, a gestagen was also assayed. Concentra-
tions of progesterone up to 10y4 M could not modify
w3 x Ž .H diprenorphine binding data not shown . To further
analyse the displacement induced by cyproterone acetate,
experiments were performed in which two types of opioid
receptors were simultaneously masked. Cyproterone ac-

w3 xetate was able to displace H diprenorphine binding in all
Ž . y6cases. The IC obtained were 0.66"0.38 =10 M,50

Ž . y6 Ž . y62.67"1.30 =10 M and 3.02"1.42 =10 M
w3 xwhen m, d or k were uniquely labelled by H dipre-

norphine, respectively.
To check the possibility that cyproterone acetate could

modify the time to reach binding equilibrium conditions of
w3 xH diprenorphine, kinetic analysis was performed. The

w3 xassociation rate constant of H diprenorphine was unal-
Žtered by cyproterone acetate K values of 0.025"0.005obs

miny1 and 0.019"0.003 miny1 in the absence and in the
. Ž .presence of the steroid, respectively Fig. 2 . In separate

w3 xexperiments, cyproterone acetate and H diprenorphine
were incubated during 100 min, instead of 60 min. At
these longer incubation times, the IC value of the dis-50
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w3 xFig. 2. Association kinetics for the specific binding of H diprenorphine
Ž y1 0 . Ž .2.6=10 M to mouse brain membranes at 258C in the absence ^

Ž . y6and presence % of 10 M of cyproterone acetate. Specific binding
was calculated as the difference between the mean of the total binding

Ž y5 .and the non-specific binding in the presence of 10 M of naloxone .
Results are from one experiment run in triplicate.

Žplacement induced by cyproterone acetate was 2.19"
. y61.01 =10 M, not significantly different from that ob-

tained at the 60 min incubation time.

4. Discussion

These results show that cyproterone acetate decreases
w3 xthe binding of H diprenorphine to mouse brain, and the

inhibition is complete with 5=10y5 M of cyproterone
acetate. The IC obtained is in the range of those obtained50

Ž y5 .previously about 10 M with other sex steroids that
Žcompete with the binding of opioids in the CNS LaBella

.et al., 1978; Schwarz and Pohl, 1994 . The displacement of
cyproterone acetate is not restricted to a particular type of

w3 xopioid receptor, and the binding of H diprenorphine to
either m, d or k receptors can be displaced by cyproterone
acetate. This inhibitory effect is not due to a delay of the
time needed to reach the binding equilibrium conditions by
w3 xH diprenorphine because its association rate constant
was unaltered in the presence of the steroid. In fact, the

ŽIC values obtained either after 100 min of incubation a50
.time at which equilibrium is already attained or at the

more standard conditions of binding studies performed
w3 x Ž . Žwith H diprenorphine i.e., 60 min incubation Sadee et´

.al., 1982 , are indistinguishable. Thus, it is likely that
cyproterone acetate could directly bind to opioid mem-
brane receptors in the CNS.

This displacement obtained with cyproterone acetate
questions two previous statements. Firstly, estrogen deriva-
tives are not the only steroids that can presumably bind to
opiate receptors, as cyproterone acetate is an antiandrogen.

Ž y6The IC values obtained with cyproterone acetate 1050
.M are similar or even lower than those previously re-

ported with estrogens which range from about 10y5 M or
higher, except for 17a-estradiol, 17a-dihydroquilin or

ŽŽ . y6 . Ž17a-dihydroequilenin 1–3 =10 M LaBella et al.,
.1978; Schwarz and Pohl, 1994 . Secondly, since flutamide

and 5a-dihydrotestosterone do not inhibit opiate binding,
the competition produced by cyproterone acetate seems
independent of its affinity on intracellular androgen recep-
tors and its antiandrogen activity. This effect of cypro-
terone acetate also seems to be unrelated to its progesta-

w3 xtional nature since progesterone does not inhibit H dipre-
norphine binding. Consequently, it does not seem to be a

Ž‘group’ condition related to the classification based on
their actions on intracellular estrogen, progesterone or

.androgen receptors , nor does it seem to rely on a phenolic
group of the A steroidal ring as has been proposed for the

Žestrogen derivatives LaBella et al., 1978; Schwarz and
.Pohl, 1994 .

Finally, bearing in mind that the assays take place only
in membrane fractions, these results add new insights into
the possible direct non-genomic effects of steroids in the

Žcentral nervous system Schumacher, 1990; Brann et al.,
.1995; Mahesh et al., 1996 . The majority of steroid-neuro-

transmitter receptor interactions have mainly been de-
Žscribed in channel-coupled receptors for GABA g-amino-

. Ž . Žbutyric acid Lambert et al., 1995 , NMDA N-methyl-D-
. Ž . Ž .aspartate Wu et al., 1991 or glycine Wu et al., 1990 all

of which act through ligand-gated receptors. Thus, this
effect of cyproterone acetate on opiate receptors is one of
the few examples of direct binding of steroids to seven-
transmembrane, G protein-coupled receptors. A direct in-
teraction of this kind could broaden our understanding of
the modulatory roles that steroids exert in the central
nervous system at the membrane level, apart from their
classical intracellular receptors.

This competition of cyproterone acetate on opiate bind-
ing requires further studies on steroid-opiate interactions in
order to clarify structure-activity relationships, the subtype
of opioid receptor involved or its putative functional rele-
vance. Meanwhile, this particular interaction could perhaps
explain the sedation induced by this drug in humans or

Ževen its analgesic effect in cluster headache Sicuteri,
.1988 .
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