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Non-steroidal Antiandrogens: Synthesis and 
Biological Profile of High-affinity Ligands 

for the Androgen Receptor* 
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D. Gofflo, M. Gaillard-Kelly and D. Phil ibertt  
Centre de Recherches Roussel UCLAF,  102 route de Noisy, 93230 Romainville, France 

New N - s u b s t i t u t e d  a ry l th iohydan to in  an t i androgens  were  synthesized.  These c o m p o u n d s  p re sen ted  
except ionnal ly  high re la t ive  b inding affinities (RBAs) for  the ra t  androgen  r ecep to r  (AR): up to 3 
t imes  tha t  of  t es tos te rone  (T) and 100 t imes  the RBAs of  non-s te ro ida l  an t i androgens  such as 
f iu tamide ,  Casodex and  Anandron .  F u r t h e r m o r e ,  unlike avai lable  m a r k e r s  for  AR, they  were  to ta l ly  
devoid  o f  any binding to the o ther  s teroid  receptors .  R U  59063, the molecu le  with the highest  RBA,  
was t r i t ia ted.  When it was c o m p a r e d  to [3HIT for  the  assay of  rat ,  mouse ,  h a m s t e r  and h u m a n  AR, 
it gave rise to the same  n u m b e r  of  b inding sites bu t  its Ko (6 x 109 M -1 ) for  ra t  and h u m a n  AR were,  
respec t ive ly  3 and 8 t imes  h igher  than  tha t  of  T. Moreove r  R U  59063, unlike T, was devoid of  any 
specific b inding to h u m a n  p lasma.  In vivo, these c o m p o u n d s  d isp layed an t iandrogenic  act ivi ty  while 
being devoid  of  any agonist ic  effect. Thus, R U  56187, given oral ly in cas t ra t ed  male  animals ,  
p r even t ed  in a dose -dependen t  m a n n e r  the  effects of  3 mg/kg  tes tos te rone  p rop iona te  (TP) on m o u s e  
renal  orn i th ine  deca rboxy lase  (acute test)  and of  0.5 mg/kg  TP on ra t  p ros ta te  weight  (chronic 
test).  In these  two models ,  its EDs0 was 0.6 and 1 mg/kg,  respect ively.  In the  intact  rat ,  when given 
alone, it inh ib i ted  dose -dependen t ly  the  effect of  endogenous  androgens  on the seminal  vesicles 
(EDs0~ l m g / k g )  and p ros t a t e  (EDs0~ 3 mg/kg)  weights. These resul ts  suggest  tha t  these new 
c o m p o u n d s  m a y  be useful  as specific m a r k e r s  for  the androgen  r ecep to r  as well as for  the t r e a t m e n t  
of  a n d r o g e n - d e p e n d e n t  diseases or  d i sorders  such as p ros ta te  cancer ,  ache, h i r su t i sm and male  
p a t t e rn  baldness .  
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INTRODUCTION 

Antiandrogens are substances which antagonize the 
biological responses induced by endogenous or exogen- 
ous androgens, by inhibiting competitively their 
binding to the receptor. The only pure antiandrogens 
known up to now, are non-steroidal compounds which 
bind exclusively to the androgen receptor [1]. This 
characteristic distinguishes them from steroidal anti- 
androgens such as cyproterone acetate [2, 3], the first 
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such a drug to have been used in therapeutics [4], 
which also interacts with the progestin and glucocorti- 
coid receptors [1, 5]. The pure antiandrogens flutamide 
[6] and Anandron [7] are used in the treatment 
of prostate cancer [8-11]. A more recent compound, 
Casodex [12, 13], is in clinical development for the 
same indication [14, 15]. The common feature of these 
pure antiandrogens is their very weak relative binding 
affinity (RBA) for the androgen receptor (AR), 50 to 
100 times less than that of testosterone [1, 13, 16]. 

Structure-affinity considerations with different 
Anandron analogues suggested that an improvement of 
the affinity for the AR might be achievable. To this 
end, a series of N-substituted arylthiohydantoins 
was synthesized. The compounds were submitted to an 
oriented 3-step screening: RBA for the five classical 
steroid receptors [17] coupled to two in vivo bioassays 
performed in male castrated animals supplemented 
with testosterone propionate (TP): renal ornithine 
decarboxylase (ODC) activity in mice (acute test) [18], 
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and accessory sex organ weights in rats (chronic test) 
[19]. This paper presents the results obtained with 3 
compounds, which were selected on the basis of their 
high RBAs for the AR. Their biological profiles 
were compared to those of known non-steroidal antian- 
drogens. Two compounds were investigated more 
extensively: RU 59063 which, in its tritiated form, is a 
good candidate as a specific, high-affinity AR marker, 
and RU 56187 which displayed potent antiandrogenic 
activities in vivo. 

EXPERIMENTAL 

Synthesis of  N-subs t i tu ted  arylthiohydantoins 

Melting points were determined on a Kofler hot 
stage apparatus and are uncorrected. Spectral data were 
recorded on the following spectrometers: IR, Nicolet 5 
SX, in chloroform solution unless stated otherwise; 
NMR, Bruker AC or AM in CDC13 with TMS as 
an internal standard; UV, Perkin Elmer Lambda 9 in 
ethanol. Microanalyses were in agreement with calcu- 
lated values (+__ 0.3%) for the elements cited. Chroma- 
trographic purifications were performed using 50-100 
parts (w/w) of Merck 60 silica gel (0.04--0.063 mm). 
All reactions were conducted under a nitrogen 
atmosphere. 

2 - A l k y l a m i n o -  2-cyano -propanes l a -  l c 

These compounds were prepared according to the 
general procedure of Exner et al. [20] by slow addition 
of the relevant amine to neat acetone cyanohydrin. 
They were not isolated, but best used directly for the 
transformation 3--*4. 

2-  Tri f luoromethyl-4-isothiocyanato-benzonitri le  3 

The aniline 2 [21] (2.23 g, 12 mmol) was added over 
10 min to a well-stirred heterogeneous mixture of thio- 
phosgene (1 ml, 13 mmol) in water (22ml) at room 
temperature (RT). The stirring was continued for 1 h, 
leading to a progressive decolourization of the medium. 
The reaction mixture was extracted with chloroform 
(3 x 10 ml), dried over magnesium sulphate and evap- 
orated to dryness under reduced pressure. The crude 
desired compound was obtained as a brownish syrup 
(3g, >100%) and was used as such for the next 
step. IR: 2017 cm -~ (N = C = S), 2224 and 2210 cm -a 
(CN), 1609, 1562 and 1497cm -1 (aromatics). An 
analytical sample can be obtained by chromatography 
(toluene--cyclohexane, 1 : 1): m.p. 40°C; UV: 2 max = 
235 nm (e = 15100) and 309 nM (E = 29300); analysis: 
C , H , F , N , S .  

4-(5- Imino-  2- thioxo-  3 ,4 ,4- tr imethyl-  1-imidazolidinyl)-  
2-tri f luoromethyl-benzonitri le 4a 

To a solution of the crude isothiocyanate 3 (3 g, 
12 mmol) in T H F  (23 ml) and triethylamine (0.23 ml) 
was added 2-methylamino-2-cyanopropane (1.15g, 
11.7 retool). The reaction mixture was refluxed 
for 40min and then evaporated to dryness under 
reduced pressure. The residue was purified by chroma- 

tography (CH2C12-acetone, 95:5) and recrystaUized 
from isopropanol, yielding 2.629 g (66%) of the desired 
imine 4a. m.p.: 173-174°C; UV: 2 max = 233nm 
(E = 20500), 256nm (c = 24100); IH-NMR: ~ = 1.59 
(s, 6H, gem-diMe), 3.29 (s, 3H, NMe), 7.76 (d, 1H, 
H-5), 7.88 (d, 1H, H-3) and 7.98 (d, 1H, H-6); analysis: 
C , H , F , N , S .  

The following compounds were prepared by the 
same procedure using the relevant cyanoamines: 
4- [4,4- dimethyl-  3- (2- hydroxyethyl ) -  5- imino-  2- thioxo- 
1-imidazolidinyl )- 2- trifluoromethyl- benzonitrile 4b. 
Yie ld=75%;  m.p.: 181°C; UV: 2 m a x = 2 3 3 n m  
(~ = 20300), 259 nm (E = 23700); T L C  (SIO2, Merck 
F254, CH2C12-acetone, 6 : 4 ) R f =  0.27; analysis: C, H, 
F, N, S. 4-[4,4-Dimethyl-3-(4-hydroxybutyl ) -5- imino-  
2thioxo- 1 - imidazolidinyl ) - 2 - trifluoromethyl - benzonitrile 
4c. Yield=61.5°/0; amorphous solid; T L C  (SiO 2, 
Merck F254, CHzC12-acetone, 6:4) Rj=0.25;  1H- 
NMR: 6 = 1.59 (s, 6H, gem-diMe), 1.65 and 1.94 (m, 
2 x 2H, the protons on C-2 and C-3 of the butyl chain), 
3.72 (m, 4H, protons on C-1 and C-4 of the butyl 
chain) 

4- (5-  Oxo-  2-  thioxo- 3,4,4-  trimethyl-  l - imidazolidinyl ) -  
2-trifluoromethyl-benzonitrile 5a 

The imine 4a (2.207 g, 6.76 mmol) was suspended in 
6N aqueous HC1 (44 ml) and heated to reflux tempera- 
ture for 1 h. The reaction mixture was poured onto 
ice-water (1:1, 20g) and extracted with methylene 
chloride (4 x 10 ml). The combined organic extracts 
were dried over magnesium sulphate, evaporated to 
dryness and recrystaUized from isopropanol, affording 
2.10 g (95%) of 5a. m.p.: 171°C; UV: 2 max = 231 nm 
(E = 18600), 252nm (e = 23800); 1H-NMR: 6 = 1.58 
(s, 6H, gem-diMe), 3.32 (s, 3H, NMe), 7.78 (d, d, 1H, 
H-5), 7.91 (d, 1H, 3-H) and 7.96 (d, 1H, H-6); analysis: 
C , H , F , N , S .  

4-[4,  4-  Dimethyl -  3-  (2- hydroxyethyl  ) -  5- oxo - 2-  thioxo - 
I-imidazolidinyl]-2-trif luoromethyl-benzonitrile 5b 

2N aqueous hydrochloric acid (10ml, 20mmol) 
was added to a solution of the imine 4b (4.6g, 
12.7 mmol) in methanol (65 ml) and refluxed for 1 h. 
The reaction mixture was cooled to RT, poured into 
cold water (300 ml) and extracted with ethyl acetate 
(3 × 30 ml). The organic fraction was dried over mag- 
nesium sulphate and evaporated under reduced press- 
ure. The residue was purified by chromatography 
(cyclohexane--ethyl acetate, 1:1) and recrystallized 
from CH2Clz--cyclohexane, affording 4.37 g (95%) of 
5b. m.p.: 130°C; UV: ). max = 232nm (E = 18700), 
254 nm (E = 22700); 1H-NMR: 6 = 1.61 (s, 6H, gem- 
dime), 2.16 (s, 1H, OH), 3.94 (m, 2H, N-CH2), 4.05 
(m, 2H, CH2-O); analysis: C, H, F, N, S. 

4 - [4 ,4 -Dimethy l -  3-  (4-hydroxybuty l ) -  5- oxo - 2-  thioxo - 
l-imidazolidinyl]-2-trif luoromethyl-benzonitrile 5c 

Proceeding as for the preparation of 5b, compound 
5c was obtained in 78.7% yield, m.p.: 78--79°C; UV: 
2 m a x = 2 3 2 n m  (E =19500), 254nm (~ =24000); 
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~H-NMR: 6 = 1.60 (s, 6H), 1.67 (m, 2H), 1.96 (m, 2H), 
3.72 (m, 4H), 7.78 (d, 1H), 7.90 (m, 1H) and 7.96 
(m, 1H); analysis: C, H, F, N, S. 

Animals 

Male Sprague--Dawley rats and Swiss mice were 
purchased from Iffa Credo (France). Male golden 
Syrian hamsters were obtained from Charles River 
(U.S.A.) and female New Zealand rabbits from ESD 
(France). 

Compounds 

[6,73H]R 1881 (sp. act.: 57 Ci/mmol), [1,23H]testos - 
terone (sp. act.: 54 Ci/mmol) and [53H]RU 59063 (sp. 
act.: 25 Ci/mmol) were prepared by RU radiomolecules 
Lab. L[2,33H]ornithine (sp. act.: 46.5Ci/mmol) was 
obtained from NEN. 

Testosterone, dihydrotestosterone (DHT),  R 1881, 
Anandron (ni lutamide=RU23908),  Casodex (ICI 
176,334), hydroxyflutamide, cyproterone acetate, tri- 
amcinolone acetonide and RU 28362 were synthesized 
according to described procedures. 

Homogenization and assay buffers 

Buffer A: 10 mM Tris-HCl, pH 7.4, 0.25 M sucrose; 
buffer B: buffer A + 2 m M  dithiothreitol; buffer C: 
buffer B + 0.1 mM phenylmethylsulphonyl fluoride 
and 20mM sodium molybdate; buffer D: 50mM 
Tris-HC1, pH 7.4, 5 mM dithiothreitol, 0.25 mM pyri- 
doxal phosphate, 0.1 mM EDTA. 

Dextran coated charcoal (DCC) was prepared by 
suspending 1.25% Norit A charcoal and 0.625% dex- 
tran T80 in the buffer used for tissue homogenization. 

RBAs for steroid receptors and human plasma sex hor- 
mone binding globulin (SHBG) 

The RBAs of test compounds were evaluated in 
a routine receptor screening described in detail pre- 
viously [ 17]. It included the androgen (AR), progestin 
(PR), glucocorticoid (GR), mineralocorticoid (MR) 
and estrogen (ER) receptors. AR, PR, GR, MR and 

ER were prepared respectively from prostate of 
1 day castrated rats (1800200 g), uterus of immature 
estradiol-primed rabbits (~  1 kg), thymus of adrenal- 
ectomized (ADX) male rats ( ~  160 g), kidney of ADX 
rats (160 g), uterus of 18-day-old mice. All subsequent 
procedures were carried out at 0-4°C. 

Prostates were homogenized in buffer C (1:8, w/v), 
rabbit uterus (1:50, w/v), mouse uterus (1:25, w/v), 
kidney (1:3, w/v) in buffer A and thymus (1:10, w/v) 
in buffer B with a glass-glass Potter. 

The homogenates were centrifuged at 209,000 g for 
30min. 125/al aliquots of the supernatant (cytosol) 
were incubated for 24 h (5 h at 25°C for ER) with 
2.5 or 5 nM of the relevant 3H ligand [ [ 3H]testosterone 
([3HIT) for AR, [3H]R 5020 for PR, [3H]dexarnetha- 
sone for GR, [3H]aldosterone with 10-6M RU 28362 
[22] for MR and [3H]estradiol for ER] in the presence 
of increasing concentrations (1-25,000nM) of cold 
reference or test compounds. 

Plasma was prepared from human female blood, 
diluted (1:100) with buffer A and 125#1 aliquots 
were incubated for 24h with 20 nM of [3H]T in the 
presence of increasing concentrations of cold T or 
RU 59063. 

Bound 3H ligand measurement by DCC adsorption 
technique: a 0.1ml aliquot of incubated cytosol 
or plasma was stirred for 10min with 0.1ml DCC 
solution in a 96 well microtitre plate and centrifuged 
for 10min at 800g. The radioactivity of a 0.1 ml 
supernatant sample was counted. 

RBA calculation: the RBA was defined as the ratio of 
the concentration of the reference compound over 
the concentration of the competitor required to inhibit 
3H ligand binding by 50% and multiplied by 100. 
The RBAs of T, progesterone, dexamethasone, aldos- 
terone and estradiol were taken equal to 100. 

Binding to A R  of various species and to human plasma 

AR was prepared from the following target tissues of 
1 day castrated animals: cytosols of rat prostate (1:5, 
w/v), hamster (140-160g) prostate and flank organs 

~: N I ~ C N  a) R = CHa 
+ RNH2 ~-- b) R = CH2CH20H 

H NHR c) R = (CHa)40H 

1 

NIl 0 

,, : , o _  , v  

,.o ,.o ,.y , y  ,v... 
2 3 4 5 

a) RU 56187 

b) FlU sToTa 

c) RU 59063 

Fig. I. Synthesis  o f  N-subst i tuted  arylthiohydantoins and structures o f  the m o s t  representative compounds  
of  this series. (i) Neat, r o o m  temperature  (RT); (ii) CSCIz, H20 , RT; (iii) 1, NEt3, THF, RT; (iv) 2N HCI, MeOH, 

reflux. *Site o f  label l ing in 13H]RU 59063. 
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CI 

FsC O 

Cyproterone acetate F lu tamlde  

 -3,o 
FsC 0 FsC O OH 

Anandron  C a s o d e x  

Fig. 2. Chemica l  s tructures  o f  ant iandrogens  c o m m o n l y  used in therapeut ics .  

(1:5, w/v) and male mouse (30 g) kidney (1:3, w/v) 
were prepared in buffer C, as described above, except 
that flank organs were frozen in liquid nitrogen and 
pulverized in a mortar before homogenization. 

The human AR (bAR) and a truncated hAR (htAR) 
were obtained as follows: bAR cDNA was cloned 
from T47D cells and inserted in the eucaryotic ex- 
pression vector pSG5 (Prof. Chambon, LGME, Stras- 
bourg, unpublished data). The chimaera GAL4-htAR 
was obtained by inserting in the Xhol site of the 
expression vector pGAL4M polyII [23] a PCR- 
amplified fragment containing the D-E regions of hAR 
(amino acids 625 to 920). These receptors were 
expressed in COS-1 cells as follows: cells were plated 
at 2 x 1 0  6 cells/9cm dish in Dulbecco's modified 
Eagle's medium (Gibco) containing 5% DCC-treated 
foetal calf serum and transfected with 5/~g plasmid 
DNA/dish using the calcium phosphate precipitation 
technique. Cells were harvested about 40 h after trans- 
fection and the cytosols were prepared as described 
above. 

0.1 ml aliquots of cytosols or human plasma (1:100) 
were incubated with concentrations (0.1 to 20 nM) of 
[3H]T or [3H]RU 59063 for 24 h at 0°C. Non-specific 
binding was determined in parallel incubations with 
the 3H ligand in the presence of a 500-fold excess of 
the corresponding cold compound. Bound radioactivity 

OH 

o 

was determined as described above. Scatchard analysis 
[24] was used to determine the concentration of 
binding sites N (fmol/mg protein) and the association 
constants Ks. 

In vivo studies 

TP and the test compounds were administered by 
subcutaneous route (s.c.) in sesame oil containing 5% 
benzyl alcohol or in corn oil containing 10% ethanol. 
Orally they were given in an aqueous solution contain- 
ing 0.5% methylcellulose. 

Mouse renal O D C  activity. Male mice weighing 
about 30 g (3 to 6 animals) were castrated. 24 h later, 
they received simultaneously a single dose of the test 
compound by oral or s.c. route and 3 mg/kg of TP by 
s.c. route. 16 h later, the animals were sacrificed, the 
kidneys removed, pooled and homogenized in buffer D 
at 4°C. The cytosols were prepared as described 
above. ODC activity was evaluated according to 
Djurhuus [25] with slight modifications. Briefly 
aliquots (triplicate) of 50 #1 of cytosol were incubated 
with 0.025#Ci of [3H]L-ornithine and 10mM of 
cold L-ornithine for 1 h at 37°C. Samples were then 
applied to dry Whatman paper strips and washed 
3 times with 0.1 M ammonia in order to eliminate 
L-ornithine. [ 3H]Putrescine retained by the paper strip 
was counted. The results were expressed as fmol of 

OH 

Metrlbolone (R 1881) M lbo le rone  

Fig. 3. S tructures  o f  the synthet ic  androgens  wide ly  used as AR markers .  
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O r~ 

E 

( ~  Rat prostate androgen receptor 

Cold compound Log(M) 
-9 -8 -7 -6 -5 

100 i i f 

q 

75- 

50 

25' 

RBA 

Metribolone 290 
DHT 180 

: : Testosterone 100 
Cyproterone 10 
acetate 

I Non-Steroids I 

RU 59063 300 
RU 57073 163 
RU 56187 92 
Casodex 1 8 
bmandron 0.8 
OH-Flutamide 0.8 

( ~  Other steroid receptors 

RECEPTORS M 
. . . .  RU 59063 

etrtDOlOD.e 1~! T ~7t~7'~ 
(R 1881) ~ ~ g ~  

- - R B A  • 
PROGESTIN 
Rabbit Uterus) 

Progesterone = 100 190 < 0 1 

GLUCOCORTICOID 1 
(Rat Thymus) [ 
Dexamethasone = 100 4 < 0.1 

VlINERALOCORTICOID [" 
(Rat IOd ney) 

Aldosterone = 100 38 < 0 1 
ESTROGEN [ 
Mouse Uterus) I 

Estradxol= 100 < 0.1 < 0 1 

Fig. 4. RBAs for the 5 classical steroid receptors. 

[ 3H]putrescine formed per mg of protein per hour. The 
proteins were determined according to the method of 
Bradford [26]. 

Accessory sex organ weight in rats. Immature male rats 
weighing about 100 g were castrated. 24 h later, groups 
of 5 animals received daily (8 administrations over 10 
days, as indicated in Fig. 8) simultaneously 0.5 mg/kg 
of TP by s.c. route and the test compounds either by 
oral or s.c. route. 24 h after the last administration the 
animals were sacrificed, the seminal vesicles and the 
prostate removed and fixed for 72 h in demineralized 
water containing 10% formaldehyde. Then the organs 
were carefully dissected and weighed. 

Groups of 5 adult male rats weighing about 
200-220 g received daily increasing doses of RU 56187 
by oral route according to the scheme of administration 
described above. 

RESULTS AND DISCUSSION 

RBAs for the steroid receptors 

The RBAs of several N-substituted arylthio- 
hydantoins, (see synthetic scheme in Fig. 1), were 
determined on a routine receptor screening [17] and 

. Rat prostate 4 Human 

1 j - J ~ [ 3 H ]  Testosterone 

m [3HIRU 59063 

0 5 10 15 5 i o - ; s  20 
Unbound (riM) 

Fig.  5. Saturation curves o f  [3H]T a n d  [3H]RU 59063 binding 
to rat prostate and hAR androgen receptors. (O ,  I I )  To ta l  

binding; (©,  I~) non-specif ic  binding.  

compared to those of cyproterone acetate (CPA), 
Casodex, Anandron and hydroxyfutamide, the active 
metabolite of flutarnide (see structures in Fig. 2) and to 
that of R 1881, one of the two compounds (see struc- 
tures in Fig. 3) with mibolerone (MB), widely used as 
AR markers [27-29]. As shown in Fig. 4, RU 59063, 
RU 57073 and RU 56187 exhibit exceptionally high 
RBAs for the rat prostate AR. The compound with the 
highest affinity, RU 59063, inhibits in a concentration- 
dependent manner the binding of [3H]T to rat AR. 
Its RBA is similar to that of R 1881, and respectively 
1.7, 3, 30, 166 and 375 times higher than those of 
DHT,  T, CPA, Casodex and Anandron or hydroxy- 
flutamide. The RBAs obtained for these latter com- 
pounds are in good agreement with those published 
elsewhere [1, 13, 16]. 

As shown in the table inserted in Fig. 4, these three 
new non-steroidal compounds are totally devoid of any 
binding to other steroid receptors up to 25 #M whereas 
R 1881 exhibits, respectively strong, moderate and 
weak RBAs for the rabbit uterus PR, rat kidney MR 
and rat thymus GR. The latter data are consistent with 
those published previously [17, 30]. Furthermore MB, 
has been shown to possess a slightly higher RBA than 
that of R 1881 for AR and, respectively a 2, 4, and 7 
times lower one for PR, MR and GR [31]. The very 
promising biochemical profile of RU 59063, led us to 
label it in order to evaluate its binding parameters for 
the AR of various species. 

Binding parameters of [ 3H]R U 59063 and [ 3H]T for AR  
of various species 

The binding parameters (number of binding sites, 
N, and association constant, Ks) of RU 59063 and T 
were determined in the cytosol of target tissues of 
species commonly used to test androgens or antiandro- 
gens: rat prostate, hamster fank organ and prostate, 
mouse kidney. They were also evaluated in the cytosol 
of COS ceils in which the full-length (hAR) or a 
truncated (htAR) human AR were expressed. As illus- 
trated in Fig. 5, incubation with [3H]RU 59063, or 
[3H]T, show saturable binding of rat prostate and COS 
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Table 1. Binding parameters (N, Ka) of [3H]T and [3H]RU 59063 for the AR of different species 

Hamster Human 
Binding Rat Mouse 

parameters Compounds prostate k i d n e y  Prostate F.O. a Full length Truncated 

N Testosterone 219 20 17 132 367 820 
(fmol/mg protein) R U  59063 226 24 15 145 327 920 

K a Tes tos terone 1.9 1.2 1.3 0.9 0.8 0.5 
(109M - l )  R U  59063 6 1 16 4 3 7.2 6.2 6.2 

"F.O, flank organ. 

cells (hAR) cytosols. Furthermore its non-specific 
binding, like that of [3H]T, is low. This characteristic 
is a necessary requirement for a receptor marker. 
N and K~ were deduced from these binding data 
using the Scatchard analysis and are shown in 
Table 1. RU59063 and T gave rise to the same 
number of binding sites whatever the target tissues. 
RU 59063 exhibited a very high Ka, from 3 to 13 times 
higher than that of T,  according to the tissue. 
The reported Ka values (109M-1), are the mean of 
3 determinations for rat prostate AR [Ka(RU)= 
4-8.4 vs K a ( T ) =  1.7-2.1], for hAR [K~(RU)=5-7  
vs K a ( T ) =  0.7-1.2] and for htAR [Ka(RU)= 5-9 vs 
Ka(T) = 0.4--0.6)]. A single determination was per- 
formed for the other tissues. Whereas the Kas of 
RU 59603 for rat AR, hAR and htAR are identical, 
those of T are different in spite of the fact that the 
amino acid sequences of the hormone binding domains 
of rat and human AR are strictly identical [32]. The 
origin of this discrepancy is under investigation. 
Preliminary results seem to indicate that it is not 
related to 5~-reductase activity. 

In addition, the binding parameters of 
[3H]RU 59063 for rat prostate cytosol were compared 
to those of [3H]R 1881 and [3H]T (data not shown). 
[3H]R 1881 (0.1-20 nM) was incubated in the presence 
of a 100-fold excess of triamcinolone acetonide (TA) in 
order to block its binding to PR and GR [30]. Under 
these experimental conditions, the 3 ligands gave rise to 

the same N: 196, 196 and 176fmol/mg protein for 
RU 59063, R 1881 and T,  respectively. However, the 
Ka of RU 59063 (8.4 x 10 9 M -1) was higher than those 
of R 1881 (6 x 109M -1) and T (2 x 109M-1). Finally, 
the comparison of the Ka values of RU 59063 reported 
here with those published for R 1881 and MB, in the 
rat [30--34], mouse [35] and human [30, 32, 33, 36], 
confirms that RU 59063 is one of the most potent 
AR markers known so far and undoubtedly the most 
selective. 

Binding to human plasma SHBG 

One major problem in the assay of AR in human 
tissue with [3H]DHT or [3H]T is the interference by 
plasma proteins such as SHBG which binds these two 
hormones with a very high affinity [31]. It was there- 
fore important to assess the binding of RU 59063 to 
human plasma. As depicted in Fig. 6 (left panel), it does 
not affect up to 2.5 x 10 -5 M, the binding of [3H]T to 
human SHBG whereas cold T reduces it by 50% at a 
concentration close to 10-SM. The RBA (<0 .1%)  of 
RU 59063 for SHBG is similar to the values reported 
for other non-steroidal antiandrogens [16], but weaker 
than those published for R 1881 and MB [30,31]. 
Moreover, as illustrated in Fig. 6 (right panel), the 
incubation of [3H]RU59063 with diluted human 
plasma (1 : 100) gave only rise to a non-specific binding 
whereas [3H]T, as expected, displayed a saturable 
binding. 

0,1 - a H ] ~  

100t ~ k  - I 1 ~  --/.0" " " " " " " " " " 
0,05 - " 0 

I ~ .Testosterone 

m [all] RU59063 

• 0,05 . 

o 
-9 -8 -7 ~6 :5 ~4 0 0 5 1(~ 15 

Cold Compound (Log M) Unbound (nM) 

Fig. 6. Inhibition of [ 3H]T binding to human plasma SttBG by cold T and RU 59063 (left panel) and saturation 
curves of [3H]T and [3H]RU 59063 binding to human plasma (right panel). (0 ,  m) Total binding; (C), []) 

Non-specific binding. 
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Table 2. Antiandrogenic activity on renal ODC in Cx 
mice and prostate weight in Cx immature rats 

Dose: 
Compounds 

Cx mouse Cx rat 
Renal ODC Prostate weight 

Inhibition of the effect of TP 
% 

1.7 mg/kg 3 mg/kg 1 mg/kg I mg/kg 
s.C. g p . o .  b S.C. p.o. 

RU 56187 65 94 69 60 
RU 57073 30 67 37 45 
RU 59063 64 - -  21 23 

80 58 0 
Casodex 3mg/kg 3mg/kg 3mg/kg 

46 68 50 
64 28 0 

3mg/kg 3mg/kg 
Anandron 3 mg ] kg 44 29 

46 lOmg [kg lOmg [kg 
67 59 

"s.c., subcutaneously; bp.o., per orally. 

All together, these biochemical studies suggest 
that R U  59063 is the most  suitable ligand known so 
far for assaying the AR. I t  presents the following 
advantages over the existing steroidal ligands: unlike 
D H T  and T,  it is devoid of any specific binding to 
human  plasma and unlike R 1881 and MB, it does not 
interact with other steroid receptors. The  latter ligands 
exhibited a notably strong binding to the PR which 
is present  in androgen-dependent  tissues such as 
human  prostate [30, 33]. In  order to overcome this 
drawback, they are commonly  used, for assaying the 
AR, in the presence of a large excess of  cold T A  or cold 
D H T  [30, 33, 34]. But it has been reported that, 
in some cases, the inclusion of  T A  caused under-  
estimation of AR whereas the use of D H T  led to an 
overest imation [30]. 

In  these two models,  the compounds  were 
administered concomitantly with T P  by s.c. or oral 
route, and the results obtained were expressed as the 
percentage of  inhibition of  the T P  effect (TP- t rea ted  
animals were arbitrarily assigned a value of  0 and 
vehicle-treated animals a value of  100%). At doses 
indicated in Table  2, R U  56187 exhibited the most  
potent  antiandrogenic activity whatever the test and 
the route of  administration. On the prostate weight, 
it proved to be about 3 and 10 times more active 
than Casodex and Anandron,  respectively. This  
activity is not as high as expected f rom the differences 
in RBAs. Prel iminary results suggest that, in vivo, 
R U  56187 is rapidly t ransformed to a low-affinity 
metabolite. 

R U  56187 was selected f rom this prel iminary screen- 
ing and was studied in more detail by oral route on the 
2 models ment ionned above as well as in intact rats. 
As shown in Fig. 7, it antagonized dose-dependently 
the TP- induced  O D C  activity in Cx mice. I t  was 
fully effective at a dose close to 3 mg/kg while being 
devoid of agonistic activity when given alone at a 
dose of 10mg/kg.  On this test, its ED50 was about 
0.6 mg/kg. 

In Cx rats (Fig. 8), it inhibited in a dose-dependent  
manner  the TP- induced  accessory sex organ weight 
increase. I t  was fully effective on seminal vesicle (SV) 
and prostate weights at doses of  3 and 10mg/kg,  
respectively with EDs0 s of  0.6 mg/kg (SV) and 1 mg/kg 
(prostate). 

R U  56187 also prevented the effect of  endogenous 
androgens. As shown in Fig. 9, it caused a dose-related 
reduction of the accessory sex organ weights in intact 
adult rats with EDsos of  1 mg/kg (SV) and 2.7 mg/kg 
(prostate). In  a similar model,  (14 days oral adminis-  
tration) the EDs0s reported for Casodex [14] were 
2.5 mg/kg (SV) and 7.4 mg/kg (prostate). 

In  v ivo antiandrogenic act iv i ty  

T h e  antiandrogenic activities of  R U  56187, 
R U  57073, R U  59063, Anandron and Casodex were 
compared  on a prel iminary two-step bioassay, per-  
formed in male castrated animals supplemented with 
T P  given s.c.: the renal O D C  activity in mice (acute 
test), and the prostate weight assay in rats (chronic 
test). 

In  mice, a single injection of 3 mg/kg T P  induced, 
16h later, a 50-fold increase in renal O D C  activity 
relatively to vehicle-treated animals ( 5 2 8 + 4 1  vs 
10 __+ 2 fmol putrescine/mg protein/h;  n = 15). T h e  
androgen-specificity of  this response was verified by 
injecting by s.c. route 30 mg/kg of  the following com- 
pounds:  estradiol, the pure  glucocorticoid R U  28362 
[37], the progestin R 5020 and aldosterone. None  of 
these compounds  were able to induce O D C  activity 
(data not shown). In  immature  rats 8 day 's  treat- 
ment  with T P  induced an 8-fold increase in prostate 
weight relative to vehicle-treated animals (167 _+ 8 vs 
21.2 _ 3 rag; n = 25). 

Testosterone P (SC) HOURS 16 

ORNITHINE D E C A R ~ X Y L A S E  

o 
Testo. P. 0 • 3 ~ 0 
RU561870  0 0.1 0.3 1 3 10 10 m~'~r~ 

Fig. 7. Oral antiandrogenic  activity of  RU 56187 on TP- in-  
duced renal  ODC activity in Cx mice .  
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z 

Testo. P. 0 

RU 56 187 0 

0 1 2 3 
Testosterone P (SC)~ ~ ~ ~ Sacrifice 

4 5 6 7 8 9 10 11 

¢ t ~ ~ RU56187(PO) ¢ ¢ t ~ DAYS 

SEMINAL VESICLES PROSTATE 

150 - 

100. 

50. 

0 
0,5 • 0 0 ~ 0,5 ~ 0 

mg/kg 
0 0,1 0.3 1 3 10 3 0 0 0.1 0.3 1 3 10 3 

Fig. 8. Oral  ant iandrogenic  act iv i ty  of  R U  56187 on T P - i n d u c e d  sex accessory  organ weight  in Cx i m m a t u r e  
rats.  

CONCLUSION 

T h e  new a ry l th iohydan to in  an t iandrogens  are 
character ized by except ionnal ly  high RBAs for AR: 

higher  than  or close to those of the na tura l  androgens  
T and  D H T  and  100 t imes higher  t han  those of  
previous ly  k n o w n  non-s te ro ida l  an t iandrogens .  One  
of them,  R U  59063, in  its t r i t ia ted form, fulfills most  
of  the criteria requ i red  for an ideal A R  marker .  Its Ka 

for the AR is at least equal  to those of R 1881 

(metr ibolone)  and  M B  (mibolerone)  and  according to 
species, 3 to 13 t imes higher  than  that  of  T .  Unl ike  
exist ing steroid markers  (R 1881, MB),  it b inds  

exclusively to A R  and  unl ike  T and  D H T ,  it does 

RU 56187 ( PO ) 
~ ~ ~ ~ ~ ~ {Sacrifi'ce 

0 1 2 3 4 5 6 7 8 9 10 11 

DAYS 

500 

400 

300 

200 

100 

0 1 3 10C X 0 1 3 10C X mg/kg 
RU 56 187 

Fig. 9. Oral ant iandrogenic  act iv i ty  of RU 56187 on sex 
accessory  organ weight  in adult  intact  rats.  

not  interact  wi th  S H B G .  In  v ivo,  another  analogue 
R U  56187 has proved  to be the most  po ten t  pure  
an t i and rogen  k n o w n  so far. I n  rats, when  given orally, 
it is, respectively 3 and  10 t imes more  active than  

Casodex and  A n a n d r o n .  T h u s ,  this  c o m p o u n d  may 
be of potent ia l  use in the t r ea tmen t  of androgen-  
d e p e n d e n t  diseases such as prostate  cancer.  

F u r t h e r  work is in  progress to extend the usefulness  
of this new series of  compounds ,  for ins tance  in  the area 
of ? and  pos i t ron -emi t t i ng  agents  [38] and  in  the 
inves t igat ion of the mode  of action of non-s te ro ida l  

an t iandrogens .  
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