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S E X U A L  R E C E P T I V I T Y  in ova r i ec tomized  mice and  o t h e r  
r oden t s  can readi ly  be induced  wi th  sys temic  adminis-  
t r a t i on  of  es t rad io l  b e n z o a t e  2 (E2 B) and p roges te rone .  In 
mice and  rats  it has  been  shown  tha t  a l t h o u g h  p roges te rone  
clearly fac i l i ta tes  the  i n d u c t i o n  of  recep t iv i ty  [2, 4, 6, 20, 
2 5 ] ,  it is n o t  an abso lu te  r e q u i r e m e n t  since ch ron ic  
t r e a t m e n t  wi th  E2 B will s t imula te  recept iv i ty  even w i t h o u t  
p roges t e rone  a d m i n i s t r a t i o n  [5, 7, 20 ] .  The 5c~-reduced 
proges t in ,  d i h y d r o p r o g e s t e r o n e  (DHP),  can also faci l i ta te  
recept iv i ty  in e s t rogen-p r imed  rats  and CD-1 mice [9, 13, 
26 ] .  We have recent ly  shown  tha t  the  i n d u c t i o n  of 
recep t iv i ty  in C D - l m i c e  is b locked  when  the  5c~-reduced 
androgen ,  d i h y d r o t e s t o s t e r o n e  (DHT),  is given c o n c u r r e n t l y  
wi th  E2B at 54 and 30 hr  and c o n c u r r e n t l y  wi th  DHP at 6 
h r  pr ior  to  test ing.  Since an ident ica l  E2B and DHT 
in jec t ion  parad igm c o m b i n e d  wi th  p roges te rone  r a the r  t han  
DHP pr iming  still i nduced  high levels of  recept iv i ty ,  we 
conc luded  tha t  DHT b locked  recept iv i ty  by  specifically 
inh ib i t i ng  the ac t ions  of DHP [ 1 3 ] .  This conc lus ion  also 
leads to the specu la t ion  tha t  DHP and  p roges t e rone  
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2 All steroid trivial names are defined in the Methods section. 

faci l i ta te  the  i n d u c t i o n  of  recept iv i ty  in es t rogen-pr imed  
mice by  d i f fe ren t  molecu la r  mechan i sms .  Baum and Vree- 
burg  [1] i n d e p e n d e n t l y  d e m o n s t r a t e d  tha t  DHT t r e a t m e n t  
can also b lock  the  i n d u c t i o n  of  sexual  recept iv i ty  in rats 
p roduced  by  chron ic  t r e a t m e n t  wi th  E 2 B and t h a t  pro- 
ges terone admin i s t r a t i on  can overcome  mos t ,  bu t  no t  all of 
this  inh ib i t ion .  R e e x a m i n a t i o n  of our  f indings in mice in 
light of  these obse rva t ions  on rats  suggested tha t  DHT may  
also be d i rec t ly  inh ib i t ing  the  behaviora l  ac t ions  of E 2 B in 
mice and  tha t  p roges t e rone  is b e t t e r  able to ove rcome  this  
i nh ib i t i on  than  is DHP. 

In the p resen t  series of e x p e r i m e n t s  we have examined  
this h y p o t h e s i s  by  first s tudy ing  the  effects  of  DHT on 
es t rogen- induced  sexual  recept iv i ty  in ovar iec tomized  CD-1 
mice. We then  e x a m i n e d  the  in terac t ive  ef fec ts  of  pro- 
ges te rone  and DHP on DHT- inh ib i t i on  of es t rogen- induced  
recept iv i ty .  The effects  of  the  5c~-reduced androgens ,  3c~- 
and 3~-andros taned io l  (3c~- and 3t>Adiol),  and of  the 
an t i -androgen ,  c y p r o t e r o n e  ace ta te  (CA), were s tudied since 
3a-Adio l  and CA have been  shown to inh ib i t  es t rogen-  or 
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estrogen plus p roges t e rone - induced  recep t iv i ty  in rats  
[ 1 ,17] ,  As an init ial  a t t e m p t  to uncove r  the  mechan i sm of  
5c~-reduced androgen  inh ib i t i on  of  e s t rogen- induced  sexual  
recept iv i ty ,  we e x a m i n e d  the  effects  of  these s teroids  on 
the regional  and subcel lu lar  loca l iza t ion  of  ~ H-estradiol  in 
brain and p i tu i t a ry .  

METHOD 

Animals  

For  each s tudy  adul t  a lb ino  CD-1 female and male mice 
were purchased  f rom Char les  Rivers Labora to r i e s  (Wilming- 
ton ,  MA). All animals  were housed  indiv idual ly  or in groups  
of six ( E x p e r i m e n t  4 on ly)  wi th  food  and wate r  available at 
all t imes. The animal  co lony  l ights were left  on f rom 2100  
to 0900  hr. Based on this  t ime clock all m o r n i n g  in jec t ions  
in the behaviora l  e x p e r i m e n t s  were given be t w een  0900  and 
1200 hr,  evening  in jec t ions  were given 12 hr  later ,  while all 
behaviora l  tests  were schedu led  be t w een  0 9 0 0  and 1200 hr.  
The in jec t ions  and  decap i t a t i ons  in the i so tope  s tudy  were 
scheduled  be tween  0830  and 2230  hr. All surgery was 
p e r f o r m e d  u n d e r  m e t h o x y f l u r a n e  anesthesia .  The animal  
co lony  of  the Univers i ty  of  Flor ida  College of  Medicine has 
been accredi ted  by the Amer ican  Associa t ion  for Accredi-  
t a t ion  of  L a b o r a t o r y  Animal  (?are. 

H o r m o n e s  and A n t i - H or m ones  

E s t r a d i o l  b e n z o a t e  (1 ,3 ,5(10) -es t ra t r ien-3 ,17~-dio l  
3 -benzoa te )  (EzB) ,  d i h y d r o t e s t o s t e r o n e  (5c~-androstan-I 7~- 
ol-3-one)  (DHT) ,  d i h y d r o p r o g e s t e r o n e  (5c~-pregnan-3,20- 
d ione)  (DHP),  p roges t e rone  (4 -pregnen-3 ,20-d ione) ,  3~- 
a n d r o s t a n e d i o l  (5c~-androstan-3c~,17#-diol) (3c~-Adiol), and 
3# -and ros t aned io l  (5c~-androstan-3~,17#-diol)  (3#-Adiol)  
were pu rchased  f rom Steraloids ,  Inc. (Wil ton,  NH). Cypro-  
t e r o n e  a c e t a t e  (6-chloro-17-ace t  oxy-  I a ,2c~-methylene-  
4 ,6 -p regnad iene-3 ,20-d ione)  (CA) was generous ly  provided  
by  S c h e r i n g  A . G .  ( W e s t  B e r l i n ) .  ~H-Estradiol  
(6,7-:' H-1,3,5(10)-estratr ien-3.17~3-diol)  ~ H-E 2 (spec. act. ,  
49.3 C i / m m o l e )  was purchased  f rom New England Nuclear  
(Bos ton ,  MA). 

All un labe led  s teroids  excep t  E2 B were prepared  for  
in jec t ion  by e i the r  dissolving (DHT,  p roges t e rone  and DHP) 
or suspend ing  (3c~- and 3#-Adiol)  t h e m  in a b e n z y l  
b e n z o a t e - p e a n u t  oil so lu t ion  (20 :80 ,  v:v).  Un i fo rmly  dis- 
persed micro-crys ta l l ine  suspens ions  were p repared  by  
son ica t ion  in an ul t ra-sonic  water  ba th .  E~ B was dissolved 
in p e a n u t  oil. All un labe led  h o r m o n e  SC in jec t ions  in the 
behaviora l  e x p e r i m e n t s  were delivered in 0.1 cc volumes ,  
while those  in the i so tope  e x p e r i m e n t  were given in 0.2 co. 

H-E: was prepared  for  iv in jec t ion by evapora t ion  of the 
benzene  and e thano l  solvents  u n d e r  a s t ream of  n i t rogen  gas 
at r o o m  t empera tu re .  The dried residue was dissolved in 
20(J e thano l  and s tored at 2 ° C  

Sexua l  Behavior  Tests 

All sexual  behav ior  tes t ing was done  in the  an imal  
co lony  unde r  dim red light i l lumina t ion .  Whenever  possible  
tes t ing of ind iv idual  an imals  was done  w i t h o u t  the obser-  
ver 's  knowledge  of  the group f rom which  the  an imal  was 
derived. Each test  was in i t ia ted  by placing the test  female in 
a 12.5 x 28 x 2 8 c m  tes t ing  arena  con ta in ing  a sexual ly  
vigorous CD-1 male mouse .  Males were pe rmi t t ed  to m o u n t  
the females  and the lordosis  q u o t i e n t  (L/M x 100) was 
c o m p u t e d .  Tests were t e rmina t ed  af te r  the first 7 m o u n t s  if 

these were all a ccompan ied  by a lordosis  or non lo rdos i s  
response  (i.e., L/M = 100 or 0) or a f te r  the  first 10 m o u n t s  
if a mix tu re  of  lordosis  and non lo rdos i s  responses  was 
observed.  Only  m o u n t s  wi th  pelvic th rus t ing  were coun ted .  
The female ' s  response  to m o u n t i n g  s t imula t ion  was scored 
as a lordosis  if her  head  was level or e levated wi th  respect  to 
the  g round  and if her  back was arched  concavely  wi th  the 
per ineal  region raised and the rear legs ex t ended .  This  
pos ture  typical ly p e r m i t t e d  the male to achieve in t ro-  
missions.  If a given male failed to e i the r  ini t ia te  or con t inue  
moun t ing ,  the female was moved to a n o t h e r  tes t ing arena 
con ta in ing  a d i f fe ren t  male. 

Tissue and Plasma Isolat ion 

For  tissue and plasma isolat ion in E x p e r i m e n t  4, each 
female was anes the t i zed  wi th  m e t h o x y f l u r a n e  and its chest  
cavi ty opened .  Using a hepar in ized  syringe, a sample of  
cardiac b lood  was taken ,  t r ans fe r red  to a hepar in ized  tube ,  
cen t r i fuged  at a p p r o x i m a t e l y  1000 × g for  10 rain and a 
5 0 - 1 0 0 u l  sample of plasma ob ta ined .  Af te r  b lood  collec- 
t ion  each  female  was per fused  wi th  5 10 ml of ice-cold 
saline and decapi ta ted .  The brain was immed ia t e ly  re- 
moved,  r insed in ice-cold h o m o g e n i z a t i o n  so lu t ion  and 
placed on an ice-cold glass plate  rest ing on  a tray of ice. The 
whole p i tu i t a ry  (PIT) was r emoved  f rom the sella turcica 
and qu ick ly  weighed on a Met t ler  I t -20 analyt ica l  balance 
and t rans fe r red  to an ice-cold h o m o g e n i z a t i o n  tube  con- 
ta in ing 2 0 0 u l  of  the h o m o g e n i z a t i o n  solut ion.  The brain 
was dissected on the glass plate as descr ibed in our  earlier 
pub l i ca t ions  [15 ,16[  and  each sample pre-cooled and then  
weighed and t rans fe r red  to h o m o g e n i z a t i o n  tubes  as de- 
scr ibed for  the  PIT samples.  The fo l lowing  weights  (rag} for 
brain samples  was recorded  (X ~ SEM): cerebral  cor tex  
(CX) (8 .79 + 0.29),  media l  basal h y p o t h a l a m u s  (MBt t )  
(4 .34  + 0.12),  dorsal  h y p o t h a l a m u s  ( D H ) ( 8 . 1 5  + 0 . 4 6 ) a n d  
p reop t i c -an te r io r  h y p o t h a l a m u s  (POA-AI t )  (9.01 ~ 0.35).  

Processing o f  Tissue and Plasma Samples  

Brain and  p i tu i t a ry  samples  were h o m o g e n i z e d  t 20  
s t rokes at 1000 rev . /min)  wi th  a Tef lon pestle milled to a 
clearance of  0 .125 mm be tween  the pestle and glass 
h o m o g e n i z a t i o n  tube  (as suggested by McEwen and Zig- 
m o n d  [ 1 8 ] ) .  The h o m o g e n i z a t i o n  so lu t ion  consis ted of 
0.32 M sucrose,  1 mM KH:PO~ and 1 mM MgCh at a pH 
of 6.5 (Medium N-II-A, [ 1 8 ] ) .  t t o m o g e n i z e d  samples  were 
aspirated in to  l ml cent r i fuge  tubes  t oge the r  wi th  an 
add i t iona l  2 0 0 u l  N-II-A wash of  the h o m o g e n i z a t i o n  tube  
and pestle.  Each  sample was un i fo rmly  dispersed and  a 
4 0 u l  a l iquot  t aken  for  p ro te in  d e t e r m i n a t i o n  [111.  [ h e  
tubes  were then  cen t r i fuged  at 2"C for 10 rain at 850 x g. 
The  s u p e r n a t a n t  f rac t ions  were aspira ted in to  12 x 75 m m  
test  tubes,  while the pel let  was resuspended  in 2 0 0 u l  
N-II-A and recent r i fuged  as before .  The supe rna t an t s  were 
c o m b i n e d  wi th  the previous  supe rna t an t s  and the pellets  
resuspended and recent r i fuged  as before.  The s u p e r n a t a n t s  
were pooled as before  and the pel lets  resuspended  in 200 ul 
N-I1-A con ta in ing  0 .25% Tr i ton  X-100. Af ter  a 10 ra in  
i ncuba t ion  in ice, T r i ton- t r ea ted  pel lets  were cent r i fuged 
for 1 0 r a i n  at 850 x g. The s u p e r n a t a n t s  f rom the Tr i ton  
wash were discarded and lhe pel lets  (c rude  nuclear  f rac t ion)  
resuspended  in 200 ul N-II-A and t ransfer red  to a separate  
set of  12 x 75 m m  test  tubes.  The cent r i fuge  tubes  were 
washed with an addi t iona l  2 0 0 u l  N-II-A and the washes 
c o m b i n e d  with the previous  nuc lear  f ract ions .  
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The crude nuclear and supernatant fractions were then 
extracted 4 times with 1 ml of the toluene based scintil- 
lation fluid. The extracts were pipeted directly into 
scintillation vials followed by an additional 5 ml of scintil- 
lation fluid. The scintillation fluid consisted of PPO 
(2,5-diphenyl-oxazole) and POPOP (2(4-methyl-5-phenyl- 
oxazoyl) benzene) (Amersham/Searle, Arlington Heights, 
IL) dissolved in analytical grade toluene at concentrations 
of 5.0 and 0.05 g/l., respectively. Plasma samples were 
processed in the same manner as supernatant fractions. The 
radioactivity levels were determined in a Packard Model 
2405 liquid scintillation spectrometer. All samples were 
counted for 20 min each and all data converted to 
disintigrations per rain (DPM) by an external standard 
channels ratio method. This method revealed that our 
counting efficiency was approximately 50% for tritium. All 
DPM data were normalized by dividing through by tissue 
weight (DPM/mg tissue) or plasma volume (DPM/ul plas- 
ma). Use of protein determinations for the first three 
samples per group (second half lost due to aberrant 
standard curve) as a normalization factor failed to alter any 
of the essential relationships between the samples nor- 
malized by either tissue weight or plasma volume. 

Procedure 

Experiment  1. Interactive effects o f  DHT with pro- 
gesterone and DHP on estrogen-induced receptivity. Two 
weeks after ovariectomy 34 CD-I female mice were started 
on a daily SC injection schedule of 2 ug E2 B/mouse. After 
10 days of estrogen priming all females were tested for 
sexual receptivity and the 24 females displaying the highest 
L/M scores were selected for further study. Sixteen of these 
females were given 1 mg DHT/day concurrently with their 
E~ B injections, while the remaining 8 females were given 
0.1 cc of the benzyl benzoate-oil vehicle (BBO) plus the 
standard 2ug  E2B/day injections. After two days of 
treatment all females were again tested for sexual recep- 
tivity (approximately 24 hr after their last E2 B+DHT or 
E2 B+BBO injections). The DHT and BBO injections were 
then halted and the females tested after an additional 3 and 
then 6 days of E2 B treatment. After this recovery period all 
females were started on a series of daily SC injections of 
1 mg DHT/day concurrent with their standard 2 ug E~ B/ 
day injections. Females were tested after 2, 8, 10 and 15 
days of this injection schedule (all tests approximately 
24 hr after the last E2 B+DHT injections). After the Day 15 
test all females were given their daily E 2 B and DHT 
injections and the 16 females consistently displaying the 
lowest L/M scores during the last 3 tests were selected for 
an additional test on the next day. However, unlike all 
previous tests, SC injections of either 500 ~g progesterone 
(n = 8) or 500 ~g DHP (n = 8) were given 6 hr prior to the 
test. All females were then tested after an additional 3 and 
then 6 days of E~ B treatment. The injection and testing 
schedule used in this experiment is illustrated in Fig. 1. 

Experiment  2: Effects o f  varying dose and time o f  
administration o f  DHT on estrogen-induced receptivity. 
Two weeks after ovariectomy 15 CD-1 female mice were 
started on a daily SC injection schedule of 2 ug E2 B/mouse. 
After 10 days of estrogen priming all females were tested 
for sexual receptivity and the 12 females displaying the 
highest L/M scores were selected for further study. Half of 
these females were given 1 mg DHT/day concurrently with 
their E~ B injections, while the other half were given their 

1 mg DHT/day SC injections 12 hr after the daily E~B 
injections. After 5 days of DHT injections the dose was 
reduced to 500ug  DHT/day and 9 days later all females 
were given the BBO vehicle only, either concurrent with, or 
delayed 12 hr after the E~ B injections. All females were 
tested for sexual receptivity after 2, 5, 8, 11, 14, 17 and 21 
days of the DHT-BBO injection paradigm. The injection 
and testing schedule used in this experiment is illustrated in 
Fig. 2. 

Exper iment3:  Effects o f  DHT, CA, and 3 ~ - a n d  
3&Adiol on estrogen-induced receptivity. Four weeks after 
ovariectomy 24 CD-1 female mice were started on a daily 
SC injection schedule of 2 ug E2B/mouse. After 10 days of 
estrogen priming all females were tested for sexual recep- 
tivity and the 12 females displaying the highest L/M scores 
were selected for further study. As shown in Fig. 3 these 
females were divided into two groups of six and started on 
a series of androgen, anti-androgen or BBO vehicle injec- 
tions concurrent with the daily E2 B injections. The dose, 
sequence and duration of treatment given to Group A were 
as follows: 1 mg DHT/day x 5 days, 0.2 cc BBO vehicle/ 
day × 2 days, 1 mg 3¢~-Adiol/day x 8 days, 1 mg 3a-Adiol 
x 5 days and 1 mg DHT/day x 5 days. These treatments 
were alternated with 6 - 8  day periods during which the 
females received only the E: B injections. On the basis of 
Experiments 1 and 2 this injection schedule of DHT was 
predicted to be sufficient to inhibit E2B-induced recep- 
tivity. The 3c~-Adiol injection schedule was chosen to 
parallel that used for DHT, while eight rather than five days 
of 3~-Adiol treatment were given since Baum and Vreeburg 
[1] had previously shown that 3~-Adiol failed to inhibit 
E 2 B-induced receptivity in rats. The Group B females 
received BBO vehicle injections in parallel with all the 
androgen treatments given to Group A females and a two 
day sequence of 5 mg CA/day during the period when the 
Group A females were receiving the BBO vehicle. The CA 
treatment was stopped after two days since the E~B~ 
induced receptivity was clearly already inhibited and since 
our previous work with rats [17] indicated that the two 
days of CA treatment (10 mg/day) were sufficient to block 
receptivity. All females were tested every 2 - 3  days 
throughout the entire injection paradigm. 

Experiment 4: Effects o f  DHT and 3c~- and 3~-Adiol on 
3H-Estradiol localization in brain and pituitary. Ten days 
after ovariectomy 24 CD-1 female mice were randomly 
divided into four groups of six mice each. Females in each 
group received SC injections of 1 mg DHT, 3a- and 
3~3-Adiol or 0.2 cc of the BBO vehicle. Thirty rain later 
females were anesthetized with methoxyflurane and given a 
single 40 ul tail vein injection of 20 uCi 3 H-estradiol. Sixty 
rain later mice were again anesthetized with methoxy~ 
flurane, and brain, pituitary and plasma samples removed 
and processed as described before. The logistics were 
designed so that one mouse from each group was processed 
before processing the second mouse of a group, and so on 
until all of the mice were processed. 

RESULTS 

Experiment  1 

The L/M scores observed during each of the tests are 
illustrated in Fig. 1. The first two day sequence of 
concurrent DHT injections was found to dramatically 
reduce the L/M scores when these females are compared to 
either the BBO-treated females, t(22) -- 6.01, p<0.01 or to 
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the i r  last E , B - o n l y  test  two days earlier,  t ( 1 5 ) =  11.4, 
p < 0 . 0 1 .  The BBO t r e a t m e n t  failed to a l ter  the  L/M scores 
(p>0 .1 ) .  Within 3 days a f te r  cessat ion of  the  DHT 
in jec t ions  the  L/M scores of  these females  had s igni f icant ly  
improved ,  t (15)  = 6.02,  p < 0 . 0 1 ,  such t ha t  they  were now 
equ iva len t  to those  displayed dur ing  the  first E~ B-only test.  

80 -  

0 
0 6 0 -  

U 40 -  

2 0 -  l I I  I 

J I I l 
0 i -3 - ;  ) 8 ,o , ;  -3 -6 ~ 16 
DHT ( .1  DHT (A) p ( i )  

vs 
DHP(o)  

FIG. 1. Lordosis quotients (X-± SEM) for E2B-primed ovariec- 
tomized mice. Solid bars along the abscissa indicate periods (days) 
during which either DHT (triangles) or BBO-vehicle (circles) was 
given concurrently with E 2 B. Only E 2 B was given during the 
periods with open bars. Panel on right illustrates the effects of either 
progesterone (squares) or DHP (circles) priming on Day 16 of DHT 
treatment on sexual receptivity in the 16 E2B-primed females 
displaying the consistently lowest L/M scores during the tests after 
8, 10 and 15 days of DHT treatment (X = mean of these three 
tests). Numbers on abscissa refer to either the number of days of 
DHT treatment (positive numbers) or to the number of days after 

cessation of" such treatment (negative numbers). 

Within two days  a f te r  in i t ia t ing  the  second sequence  of  
DHT in jec t ions  the L/M scores were again s igni f icant ly  
reduced,  t (23)  = 5.37, p < 0 . 0 1 ,  and reached  stable low 
values dur ing the tests a f te r  8 15 days of c o n c u r r e n t  DHT 
t r e a t m e n t .  P r e t r e a t m e n t  wi th  p roges t e rone  a f te r  16 days of  
DHT in jec t ions  s ignif icant ly  improved  the  L/M scores 
compared  to those  d isplayed on the  previous  day,  
t ( 7 ) = 3 . 1 2 ,  p < 0 . 0 2 5 ,  while p r e t r e a t m e n t  wi th  the same 
dose of  DHP failed to a l te r  the  DHT-reduced  L/M scores. 
Within six days af te r  cessat ion of  the  c o n c u r r e n t  DHT 
in jec t ions  the L/M scores of  all females  had  increased 
s ignif icant ly  compared  to the values observed a f te r  15 days 
of DHT t r e a t m e n t ,  t ( 2 3 ) = 7 . 3 0 ,  p < 0 . 0 1 .  The L/M scores 
on this  last test  were equ iva len t  to those  displayed dur ing  
the first E, B-only test.  

Experiment 2 

The L/M scores observed dur ing  this  series of  tests  are 
i l lus t ra ted in Fig. 2. The L/M scores in b o t h  the concu r r en t ,  
t ( 5 ) =  11.18,  p < 0 . 0 1 ,  and 1 2 h r - d e l a y e d ,  t ( 5 ) = 2 . 6 5 ,  
p < 0 . 0 5 ,  DHT t r e a t m e n t  groups  were s ignif icant ly  r educed  
af te r  the  first two  days of  DHT t r e a t m e n t  c o m p a r e d  to the 
E: B-only test.  However ,  the L/M scores in the c o n c u r r e n t  
t r e a t m e n t  groups  were also s ignif icant ly  lower  than  the  L/M 
scores in the de layed t r e a t m e n t  group,  t ( 1 0 ) = 2 . 2 9 ,  
p < 0 . 0 5 .  Three  more  days of  DHT t r e a t m e n t  p roduced  even 
lower L/M scores such tha t  the d i f fe rence  be tween  the 

c o n c u r r e n t  and delayed DHT t r e a t m e n t  group scores now 
only  app roached  signif icance,  t (10)  = 1.89, p < 0 . 1 .  Af te r  
reduc ing  the  daily DHT dose from 1 mg to 500 ug, the L/M 
scores in the  de layed t r e a t m e n t  group increased drama-  
tically, while those  in the  c o n c u r r e n t  t r e a t m e n t  group failed 
to improve .  Af ter  n ine  days of  t r e a t m e n t  wi th  the lower  
dose of  DHT the  L/M scores in the  delayed t r e a t m e n t  group 
were s ignif icant ly  h igher  t han  those in the c o n c u r r e n t  
t r e a t m e n t  group,  t (10)  = 2.93, p < 0 . 0 2 5 ,  and they  were not  
s ignif icant ly  d i f fe ren t  f rom those  displayed dur ing  the first 
E~ B-only test.  Wi th in  three  days a f te r  cessat ion of  the  DHT 
in jec t ions  the c o n c u r r e n t  t r e a t m e n t  group (now receiving 
daily BBO-vehicle in jec t ions)  showed  a signif icant  improve-  
m e n t  in the i r  L/M scores, t ( 5 ) = 6 . 7 4 ,  p < 0 . 0 1 ,  such tha t  
they  then  displayed recept iv i ty  scores equiva lent  to those  
observed in the  first IE~ B-only test. The small i m p r o v e m e n t  
in the  L/M scores in the de layed  t r e a t m e n t  group fol lowing 
cessat ion of  the  DHT in jec t ions  was not  significant .  
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FIG. 2. Lordosis quotients (X-± SEM) for E 2 B-primed ovariec- 
tomized mice receiving DHT injections (1000 ,tg/day, 500 ug/day or 
0 ug/day) either concurrent with (triangles), or delayed 12 hr after 

(circles), the FZ 2 B injections. 

Experiment 3 

The L/M scores displayed dur ing  this  last series of 
behaviora l  tests  are i l lus t ra ted in Fig. 3. As in the previous  
exper imen t s ,  c o n c u r r e n t  t r e a t m e n t  wi th  DHT for 2, and 
especially for  5 days, s ignif icant ly  reduced  the L/M scores 
in the E 2B-t rea ted  females  when  compared  e i the r  to their  
first E : B - o n l y  test ,  t ( 5 ) = 6 , 1 5 ,  p < 0 . 0 1 ,  or to  the BBO- 
t rea ted  females,  r ( 1 0 ) =  2.83, p < 0 . 0 2 5 .  Within three  days 
af te r  cessat ion of  DHT in jec t ions  the L/M scores of  these 
females  had  s ignif icant ly  improved ,  t ( 5 ) =  6.58, p < 0 . 0 1 ,  to 
levels of  recept iv i ty  equiva lent  to those  displayed dur ing  
the first E : B - o n l y  test.  Two days of  t r e a t m e n t  wi th  CA 
signif icant ly  reduced the L/M scores compared  to e i the r  
the i r  last E2B-only  test,  t ( 5 ) =  2.64, p < 0 . 0 5 ,  or to the 
BBO-trea ted  females,  t (10)  = 6.92, p < 0 . 0 1 .  Recovery  of 
sexual recept iv i ty  a f te r  cessat ion of  the ( 'A in ject ions  was 
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FIG. 3. Lordosis quotients (X-+ SEM) for E 2 B-primed ovariectomized mice. Solid bars along the abscissa indicate periods during which 
DHT, cyproterone acetate (CA), 3~3-Adiol or 3c~-Adiol were given concurrently with E 2 B. Controls received BBO-vehicle during these 
periods. Only E2B was given during the periods with open bars. Numbers on abscissa refer to either the number of days of androgen or 

anti-androgen treatment (positive numbers) or to the number of days after cessation of such treatment (negative numbers). 

somewhat  prolonged in that  it required six days rather than 
the usual three days in order  to get a significant improve- 
ment  of  L/M scores, t(5) = 4.22, p<0.01  to levels similar to 
those observed in the last E 2 B-only test prior to the CA 
injections.  

Concurrent  t rea tment  of  E2 B-primed females with ei ther  
3c~- or 3¢~-Adiol produced markedly  different  effects  on 
receptivi ty.  Up to 8 days of t r ea tment  with 3~-Adiol failed 
to alter L/M scores, while after 2, and especially after  5 
days, of  t r ea tment  with 3c~-Adiol L/M scores were signifi- 
cantly reduced compared  to bo th  the last pre-3c~-Adiol E~ B 
only test, t(5) = 6 . 5 3 ,  p<0 .01 ,  and to the BBO-treated 
females,  t (10) = 3.54, p<0 .01 .  Recept iv i ty  scores sig- 
nif icant ly recovered,  t ( 5 ) =  3.71, p<0 .01 ,  within three days 
after cessation of  the 3c~-Adiol injections.  The final se- 
quence of  DHT inject ions again produced a consistent 
reduct ion  in recept ivi ty  scores such that  by 5 days of  
t r ea tment  the L/M scores were significantly lower than 
those observed in the last E: B-only test prior to starting the 
DHT injections,  t(5) = 4.50, p<0 .01 ,  and to those displayed 
by the BBO-treated females,  t ( 1 0 ) = 4 . 0 2 ,  p<0.O1.  Recep- 
t ivity levels recovered,  t(5) = 5.36, p<0 .01 ,  to pre-androgen 
t rea tment  levels within 3 days after cessation of  the DHT 
injections.  

Experiment 4 

The re tent ion  of  to luene extractable  radioact ivi ty  in the 
crude nuclear  and supernatant  fract ions from the four  brain 
regions, the pi tui tary and from blood plasma is illustrated 
in Fig. 4. In the BBO-vehicle treated mice ~tt-estradiol 
accumula t ion  in the pi tui tary nuclear and supernatant  
fract ions clearly exceeded that  found in all brain samples 
(p<0 .001 ,  F tests). Within the brain crude nuclear fractions 
f rom the BBO vehicle treated females a significant overall 
single factor  analysis of  variance, F ( 3 , 1 5 ) =  21.55, 
p<0 .001 ,  fol lowed by a Newman-Keuls  a posteriori test for 
all possible comparisons  [29] revealed that  3H-estradiol 
accumula t ion  in the MBH and POA-AH was significantly 
greater than that  in the DH and CX brain samples (p<O.01). 

Similarly the brain supernatant  fractions from BBO-vehicle 
treated females displayed a significant overall effect  
F ( 3 , 1 5 ) =  16.34, p<0 .001 ,  and subsequent  Newman-Keuls  
tests indicated that 3 H-estradiol accumulat ion  in the MBH 
samples exceeded that found in all o ther  samples (p< 0.01). 
3H-estradiol accumulat ion  in the POA-AH supernatant  
fractions was also significantly greater than that found in 
the CX (p<0.01) ,  which in turn was greater than that  found 
in plasma (p<0.05) .  The magni tude of  the regional differ- 
ences in the brain crude nuclear fractions clearly exceeded 
those found in the brain supernatant  fractions. 

Pre t rea tment  with the various 5c~-reduced androgens was 
found to have no significant effect  on 3 H-estradiol accumu- 
lation in crude nuclear and supernatant  fractions from 
pituitary. Similarly in the brain crude nuclear fractions, the 
only significant effect  was a 25% reduct ion in radioact ivi ty 
in the MBH samples fol lowing pre t rea tment  with DHT 
(t(20) = 2.75, p < 0 . 0 5 ;  Dunnet t ' s  t [29]) .  There were no 
significant androgen-pre t rea tment  effects  in the brain super- 
natant  fractions, but in the plasma samples 3#- 
(t(20) = 4.02, p<0 .05 ;  Dunnet t ' s  t) and especially 3c~-Adiol 
( t ( 20 )=  3.20, p<0 .05 ;  Dunnet t ' s  t) p re t rea tment  resulted 
in significantly lower DPM/#I values. 

DISCUSSION 

The present series of  exper iments  has conclusively 
shown that  in ovar iec tomized CD-1 mice the st imulation of  
sexual recept ivi ty  with chronic daily administrat ion of E2 B 
can be effect ively blocked with concurrent  administrat ion 
of DHT. Fur thermore ,  in Exper iment  1 we found that SC 
adminis t ra t ion of  progesterone,  but  not  DHP successfully 
restored recept ivi ty  in these DHT-inhibi ted females. Thus 
our previous observations [13] that recept ivi ty in ovariec- 
tomized CD-1 mice is blocked by adminis t ra t ion of DHT 
concurrent  with E2 B and DHP, but  not  with E2 B and 
progesterone are consistent  with the present results. How- 
ever, in that  former  study we concluded that since the E2 B 
therapies were the same in bo th  groups, DHT inhibited the 
display of  recept ivi ty  by specifically blocking the facili- 
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FIG. 4. Effects of pretreatment with BBO-vehicle (V), DHT (D), 3c~-Adiol (cO, or 3~-Adiol (fi) on 'H-estradiol 
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t a to ry  ac t ions  of DHP. It now  appears  tha t  the DHT 
i n h i b i t o r y  ef fec ts  are more  c o m p l e x  and tha t  they  clearly 
involve an t i -es t rogenic  act ions .  DHT has also been  recent ly  
shown  to inh ib i t  e s t rogen- induced  sexual  recept iv i ty  in rats  
[ I ]  and es t rogen plus p roges t e rone - induced  recept iv i ty  in 
guinea pigs (Br idson and  Goy,  persona l  c o m m u n i c a t i o n ) .  

The d e m o n s t r a t i o n  tha t  p roges te rone  adm i n i s t r a t i on  
3 6 hr  pr ior  to  tes t ing  is able to  at least par t ia l ly  ove rcome  
DHT- inh ib i t i on  of  e s t rogen- induced  recept iv i ty  in b o t h  
mice ( E x p e r i m e n t  1) and rats  [1] adds s uppo r t  to the 
hypo thes i s  tha t  the  m e c h a n i s m s  for e s t rogen- induced  vs. 
es t rogen plus p roges t e rone - induced  recept iv i ty  are differ- 
ent .  For  example ,  Espino  et al. [8] have recen t ly  shown  
tha t  sys temic  t r e a t m e n t  with  the  se ro tonerg ic  agonist ,  
c~-methyl t ryptamine ,  30 min pr ior  to tes t ing will b lock 
recept iv i ty  in female rats t rea ted  wi th  E: B 48 hr  and 
p roges te rone  3 hr pr ior  to  test ing,  while it has no  effect  on 
recept iv i ty  in females  receiving ch ron ic  EeB t r e a t m e n t .  
Modianos  eta l .  [19]  have f u r t he r  c laimed tha t  recep t iv i ty  
in rats  pr imed wi th  E , B  and p roges te rone  can be b locked  
wi th  e lec t ro ly t ic  lesions in the habenu la ,  while this  t reat-  
merit  fails to reduce  es t rogen- induced  recept iv i ty .  Thus  

even t h o u g h  the i nh ib i t o ry  effects  of DHT appear  to be 
oppos i te  to those  of  a - m e t h y l t r y p t a m i n e  admin i s t r a t i on  
and h a b e n u l a r  lesions, all of  these m a n i p u l a t i o n s  differ- 
ent ial ly  b lock  e i the r  es t rogen alone- or es t rogen plus 
p roges te rone- induced  recept ivi ty .  The la t ter  two procedures  
appear  to  be specifically block the fac i l i ta tory  ac t ions  of 
p roges te rone ,  while DHT appears  to act pr imari ly  by 
b locking  es t rogen act ions .  However,  since p roges te rone  by 
itself fails to  s t imula te  recept iv i ty  in ovar iec tomized  mice 
and rats  [7 ,201,  and since DHT did not  comple t e ly  block 
recept iv i ty  in es t rogen-pr imed  females  receiving progester-  
one ( [ 1 ] ,  E x p e r i m e n t  1), it is also appa ren t  tha t  at lhe 
doses tes ted  DItT did not  b lock all of  the behaviora l  ac t ions  
of E 2B. Whe the r  or no t  even higher  doses of Dt tT  could 
total ly  b lock  all of  the behaviora l  ac t ions  of  E: B remains  to 
be tes ted.  

The mechan i sm whereby  DHT inh ib i t s  es t rogen- induced  
sexual recept iv i ty  is unclear .  111 E x p e r i m e n t  2 we found 
tha t  if the  dose of  DHT was reduced to 500 ug /day  and the 
in jec t ions  delayed for 1 2 h r  a f te r  the E~B inject ions ,  then  
recept iv i ty  was not  b locked even t h o u g h  this dose of  I)HT 
was fully capable  of  inh ib i t ing  recept iv i ty  when  given 
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concurrently with the E 2 B. Bridson and Goy (personal 
communication) have also found that the effectiveness of 
DHT in inhibiting receptivity in female guinea pigs is 
inversely proportional to the time of administration after 
E2 B. Both of these findings suggest that DHT inhibits s o m e  
immediate or short latency action of E 2 B. Our findings in 
Experiment 4 suggest that it is unlikely that DHT inhibits 
the behavioral actions of E2 B by blocking estrogen uptake 
and binding in the brain. Vreeburg et  al. [24] have further 
shown that in vitro concurrent incubation of brain cytosol 
fractions with 'H-estradiol and DHT fails to reduce 
macromolecular estrogen binding. In retrospect, had DHT 
blocked estrogen uptake and binding in the brain, it would 
have been difficult to explain how receptivity was stimu- 
lated in the E2 B plus progesterone situation. It thus appears 
that DHT inhibited the induction of sexual receptivity in 
our female mice by blocking some, but not all of the 
postbinding molecular actions of estrogen in the brain. 

In Experiment 3 we found that like DHT, cyproterone 
acetate inhibited estrogen-induced sexual receptivity when 
administered concurrently w i t h  the daily E= B injections. 
These findings are consistent with our earlier observations 
in the rat [17]. In addition, we have previously shown that 
cyproterone acetate pretreatment fails to inhibit 3H- 
estradiol accumulation in female mouse brain nuclear 
f r a c t i o n s ,  whereas the anti-estrogens CI-628 and 
CN-69,725-27 produce dramatic reductions in 3 H-estradiol 
nuclear binding in the MBH and POA-AH brain regions 
[ 1 6] .  Thus, while the anti-estrogens CI-628 and 
C N - 6 9 , 7 2 5 - 2 7  may inhibit the induction of sexual recep- 
tivity by inhibiting estradiol cytosol and nuclear receptor 
binding 112, 16, 17], or by retarding estradiol cytosol 
receptor replenishment [27,28],  the anti-androgen cypro- 
terone acetate appears to block receptivity by inhibiting 
some behaviorally important postbinding action(s) of estra- 
diol in a similar fashion to that discussed earlier for DHT. 
Tile similarity between the behavioral actions of cypro- 
terone acetate and DHT extend to studies on male sexual 
behavior in rats and mice. For example, in one study we 
demonstrated that like testosterone and DHT, cyproterone 
acetate replacement therapy was completely effective in 
maintaining copulatory behavior in Swiss-Webster mice 
following castration even though this anti-androgen blocked 
the stimulatory actions of these androgens on peripheral 
target tissues [ 10]. Since cyproterone acetate has also been 
shown to compete with DHT for binding sites in the brain 
[22], it is possible that in the rat [171 and mouse 
(Experiment 3) cyproterone acetate may inhibit estrogen 
stimulation of sexual receptivity by mimicking the molecu- 
lar actions of DHT. 

Concurrent administration of E2 B and 3c~-, but not 
3fi-Adiol, also inhibited the display of receptivity in the 

present study on mice (Experiment 3) and in the Baum and 
Vreeburg [1] study on rats. In this latter study it was 
further shown that progesterone administration 4 - 5  hr 
prior to testing could partially override the inhibitory 
actions of 3a-Adiol. Experiment 4 revealed that pretreat- 
ment with neither 3~- nor 3~3-Adiol had any effect on 
3 H-estradiol accumulation in any of the brain crude nuclear 
fractions in spite of the fact that these androgens produced 
a significant reduction in radioactivity levels in blood 
plasma. In in vitro studies Vreeburg et  al. [24] found that 
3~-, but not 3~-Adiol inhibited macromolecular ~H- 
estradiol binding in brain cytosol fractions. Regardless of 
the apparent differences between these two studies, per- 
taining to 3~-Adiol inhibition of 3 H-estradiol binding and 
to the possible reduction in plasma concentrations in 
3 H-estradiol following 3~- and 3~-Adiol pretreatment, it is 
clear that the reduction of estrogen uptake and binding in 
the brain is not the mechanism of 3a-Adiol inhibition of 
estrogen-induced receptivity. 

It is entirely possible that the inhibitory actions of 
3ce-Adiol on es t rogen- induced  receptivity are due to its 
metabolic conversion to DHT. In support of this hypothesis 
it has been demonstrated that peripheral androgen target 
tissues such as the seminal vesicles and prostate readily 
convert 3c~-, but not 3,3-Adiol into DHT [3,21]. In terms of 
growth stimulating potency in peripheral tissues, we have 
shown that castrate male mouse seminal vesicle growth is 
stimulated to the greatest extent by- DHT, less so by 
3c~-Adiol (p<0.05) and even less so by 3~-Adiol (p<0.05) 
[ 14]. A similar potency sequence has been demonstrated in 
gonadotropin negative feedback studies in both rats [23] 
and mice [ 14]. Close examination of the data presented in 
Fig. 3 suggests that the DHT> 3~ Adiol> 3/~-Adiol potency 
sequence may also be valid in comparisons of the relative 
abilities of  these androgens to inhibit estrogen-induced 
receptivity. 

In summary, the present series of e x p e r i m e n t s  has 
suggested that DHT inhibits estrogen-induced sexual recep- 
tivity in the ovariectomized CD-1 mouse by preventing 
necessary actions of estrogen which occur within the first 
12hr after estrogen administration. Thus DHT-treatment 
may serve as a useful probe in future experiments exam- 
ining the molecular mechanisms whereby estrogen induces 
receptivity. Our data f u r ther  suggest that 3~-Adiol and 
cyproterone acetate inhibit estrogen-induced receptivity by 
either metabolic conversion to DHT or by directly mimick- 
ing the molecular actions of DHT. The present data also 
add further support to the hypothesis that there are 
different molecular mechanisms whereby sexual receptivity 
is stimulated by chronic estrogen treatment, estrogen plus 
progesterone and estrogen plus DHP. 
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