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LUTTGE, W G httracerebral #nplantatton of the ann-estrogen CN-69, 725-27 Effects on female sexual behavtor tt, rats 
PHARMAC BIOCHEM. BEHAV 4(6) 685-688,  1976. - Ovarlectomized adult female rats were stereotaxlcally implanted 
with double walled cannulas (22 ga outer and 27 ga tuner) and tested for sexual recepuvity (lordosis behavior) following 
SC estradtol benzoate and progesterone priming Implantation of the anti-estrogen CN-69,725-27 (c 6.5 ug) immediately 
after the first of 3 daffy estrogen mjecuons produced a dramatic mhlbmon of sexual receptivity when these implants were 
placed m the preoptlc and anterior hypothalamtc areas CN-69,725-27 implants had no effect on recepttvlty when 
~mplanted m the m~ddle hypothalamus, mesencephalon or frontal cortex All mh~bltory effects of the anU-estrogen were 
reversible w~thm one day after removal of the CN-69,725-27 cannula from the brim 

Ovarectomy CN-69,725-27 Estrogen Lordosis Sexual recepuvlty Progesterone Estrad~ol benzoate 
Anu-estrogen compound Anterior hypothalamus Preopt~c area 

S E X U A L  recep t iv i ty  in ova r i ec tomized  rats  can readily be ho rmone - r e spons ive  b r i m  sites necessary  for  the  in, 
i nduced  w i t h  e x o g e n o u s  es t rogen  and proges te rone .  The  of  sexual  recept iv i ty .  Rad io labe led  h o r m o n e  l oc i  
site of  ac t ion  for  these s teroids  m the  b ra in  has been  s tudies  can provide  r a t h e r  e legant  and deta i led  map  
s tudied  using a var ie ty  of  t e c h m q u e s  inc lud ing  b r i m  lesions possible regional ,  subce l lu la r  and  molecu la r  s~tes 
(e.g., [7, 13, 18, 2 0 ] ) ,  s tereotax~c h o r m o n e  imp lan t s  (e.g., m o n e  ac t ion  wi th in  the  bra in ,  bu t  t hey  do no t  iden 
[ 5 - 8 ,  16, 19 ] )  and  rad io labe led  h o r m o n e  loca l iza t ion  (e.g., necessary  sites of  ac t ton .  These  s tudies  also 
[9, 15, 2 1 ] ) .  Each  o f  these  t echn iques  has its advantages  d i f fe ren t i a te  those  h o r m o n e - c o n c e n t r a t i n g  neuron~, 
and disadvantages .  With  bra in  lesions the  behav io ra l  ef fects  axe revolved in r ep roduc t ive  behav io r  f rom all th  
t ha t  one observes  m a y  be due  to i n t e r r u p t i o n  of  f ibers  of  ho rmone- re spons ive  n e u r o n s  wh ich  m a y  have llttl~ 
passage, r a t h e r  t han  the  specif ic  loss o f  ho rmone - r e spons ive  wi th  behav io r  (e.g., those  n e u r o n s  involved m the  fe 
neu rons  m the  les~on site. These  lesions will also necessar i ly  con t ro l  o f  g o n a d o t r o p l n  secre t ion) .  
des t roy  neura l  t issue wh ich  m a y  have li t t le to do wi th  In the  present  s t u d y  we have a p p r o a c h e d  the  p r o  
h o r m o n e  ac t ion  a n d / o r  sexual  behavior .  S te reo tax ic  hor-  l ocahzmg  the  ln t r ace reb ra l  sites o f  ac t ion  of  estr, 
m o n e  imp lan t s  usual ly  des t roy  less neura l  t~ssue t h a n  sexual  behav io r  by  capi tal iz ing on  the  e x t r e m e l y  
les~ons and  the  i m p l a n t e d  s tero id  p r o b a b l y  has l i t t le ef fec t  ac t ions  o f  a new an t i -es t rogen ,  CN-69 ,725-27 .  TI~ 
on  the  f ibers  of  passage wi th in  the ~mplant  region.  While es t rogen has been  s h o w n  to be a very effect ive  inhi  
these are ce r ta in ly  posi t ive points ,  Davidson [5] has ~H-estradlol  l ocahza t lon  in neura l  and pe r iphe ra  
po in ted  ou t  tha t  w~th mt race reb ra l  es t rogen  ~mplants,  hssues  [ 9 ] .  We reasoned  t ha t  b y  s t e reo tax ica l ly  lint 
sexual  recept ivxty can be reduced  wi th  ~mplants v i r tua l ly  this an t i -es t rogen  in suspec ted  es t rogen  target  
a n y w h e r e  w~thm the  b r i m .  F u r t h e r m o r e ,  even those  xm- wi th in  the  b r i m  we may  be able to  d i f f e r e n t i a l  
p lan ts  wh ich  had  li t t le in f luence  o n  behav io r  can p roduce  a regions  wh ich  are requ i red  for  es t rogen  i n d u c t l o n  o 
s igmficant  s t i m u l a t i o n  of  vaginal  cornif icat~on,  suggest ing recep t iv i ty  f rom those  regions where in  the  act  
cons iderable  leakage of  the  mt race rebra l ly -~mplan ted  es t rogen are suff ic ient ,  b u t  no t  necessar i ly  r eqm 
steroid  in to  the  genera l  c~rculat~on. In t r ace reb ra l  h o r m o n e  recept iv i ty .  This  t e c h m q u e  has b e e n  used w i th  some 
implan t s  can on ly  be used to d e t e r m i n e  the  suf f ic ien t  sites m s tudies  a t t e m p t i n g  to locahze  the  in t r ace rebra l  
of  h o r m o n e  ac t ion ,  t hey  c a n n o t  be used to d e t e r m i n e  the  the  posi t ive f eedback  ac t ions  o f  es t rad lo l  on  gonad  
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secretion [2,3]. Bloch and Davldson [4] also used thas with a cholesterol-containing cannula immediately a 
techmque in an unsuccessful attempt to block male-typical first E 2 B injection each week. These cannulas v 
sexual behavior with the anti-androgen cyproterone acetate, moved after the behavioral test. All SC injected 

were dissolved in oil (0 .05-0.1 cc). 
METHODS After the E2B thresholds were established q 

Ammals 0.125-1  ug/day x 3 days), hormone lnjectlo~ 
continued at weekly intervals. Prior to the fit 

Adult CD female rats were purchased from Charles injection each week the female either received an 
Rivers Laboratories (Wilmington, MA). All animals were of the 50 50 cholesterol'CN-69,725-27 mixture , 
housed individually with food and water available at all cholesterol. Twenty-four hr after the last E2 B lnjec 
times The animal colony lights were left on from 2100 to females received SC injections of 500 ~g proge 
0900 hr. Based on this time clock all morning rejections followed 4 hr later by a standard 10 mount test fo 
were scheduled between 0800 and 1000 hr and behavioral receptivity (CN-Test). Immediately after testi 
tests between 1300 and 1530 hr. When afternoon injections steroid-containing cannulas were removed and the 
were scheduled they were given shortly after the com- injected with a threshold dose of E~ B. On the nexl 
pletion of the behavioral testing, females were again injected with progesterone and 

hr later for sexual receptivity (Post-Test). If the 
Surgery failed to display a L/M score of at least 50 dm 

All females were bilaterally ovariectomized under ether post-test, then the results from that week's testing 
anesthesia, and 1 - 2  weeks later they were anesthetized included in the final analysis. In many cases the 
with sodium pentobarbltal (45 mg/kg) and unilaterally from a given implant test were replicated in t17 
implanted with 22 ga stainless steel guide cannulas. The 5 animal to verify the findings. In these cases the 
mm long guide cannulas were stereotaxically positioned so results were used in the final data analysis. 
that they just entered the cortex, and they were rigidly held conclusion of  the experiment all females were F 
in place with wire, skull screws and dental cement. These with 10% Formalin, the brains sectioned at 50 -75  

the sections stained with thlonine to aid in tl cannulas were plugged with short, empty, L-shaped 27 ga 
firmatlon of the implantation sites cannulas The anti-estrogen was delivered to target regions 

in longer L-shaped 27 ga cannulas in which a 50.50 mixture 
of powdered cholesterol and CN-69,725-27 was packed by RESULTS 
tapping the cannulas 20 times in small, steel, steroid- The results from the behavioral tests are summa 
containing dishes. This mixture was selected on the basis of  Table 1 and the location of the tips of the 
preliminary tests in which we found that 100% containing cannulas are illustrated in Fig. 1 (the 
CN-69,725-27 Implants seemed to block sexual receptivity cortex implant sites are not illustrated). Anti-e 
everywhere that it was implanted, including cerebral cortex, implants in the preoptic area and anterior hypotl 
whale 10% CN-69,725-27 implants failed to inhibit re- produced a dramatic inhibition of sexual receptivlt'. 
ceptivity. The steroid-containing cannulas could be ex- similar implants m middle hypothalamus, various 
changed for the short plug cannulas while the rat was cephalic sites and frontal cortex had no effect 
unanesthetlzed and, after experience with handling and ceptivity. High lordosis quotients were observed 
pretest implantations, with apparently little stress to the groups during the post-tests, indicating that th 
animal. Weighing these cannulas on a Cahn G-2 electro- estrogen had no permanent effects on receptivity, 
balance revealed that the implanted material averaged females with either preoptic or anterior hypot  
13.0 +_ 0 3 vg. Thus, the amount of  CN-69,725-27 implants which had previously displayed an inhib: 
implanted into the brain should have been approximately receptivity following CN-69,725-27 lmplantatlo~ 
6.5 gg. retested with cholesterol implants The average L/ 

SEM) displayed during these tests was 95 _+ 2,9, 
Procedure which is clearly equivalent to that displayed dur 

Beginning at least one week after stereotaxic im- earlier post-tests. Thus the anti-estrogen inhlbil 
plantation all females were given a series of weekly tests for receptivity was not due to the non-specific action 
sexual receptivity. Each test consisted of placing the female implant in the brain. 
into a 30 x 30 × 6 0 - 9 0  cm clear Plexlglas testing arena DISCUSSION 
contaimng a sexually vigorous stud male. Males were 
permitted to mount the females 10 times and the lordosis The present demonstration that antl-estrogq 
quotient (L/M × I00) was computed for each female. Only plantation in the preoptic and anterior hypot] 
mounts with pelvic thrusting were counted. If the male regions inhibit sexual receptivity suggests that the,, 
failed to either initiate or continue mounting, the female areas contain estrogen receptors whose actlvatior 
was moved to another testing arena containing a different quired for the induction of receptivity. Recent work 
male. During these pretests the threshold dose for estradiol laboratory has shown that pretreatment with CN-69. 
benzoate (E 2 B) therapy was established for each female, leads to a nearly complete inhibition of 3 H-estradlol 
This dose was defined as the minimum dose which, when into nuclear fractions isolated from preoptlc and a 
given SC for 3 days, would not stimulate receptwity (1.e., hypothalamic samples [9].  Systemic treatment 
L/M ~< 20) unless an SC injection of 500 #g progesterone variety of anti-estrogens has also been shown to effi 
was given 4 hr before the test. In many of these pretests the Inhibit both estrogen- and androgen-induced sex 
rats were given experience with the implantation procedure ceptivlty [1, 10, 11, 22, 23].  Our demonstratic 
either by exchanging the plug cannula with another plug or possible required action of estrogen in the preop 



A N T I - E S T R O G E N  INHIBITED R E C E P T I V I T Y  

T A B L E  1 

LORDOSIS QUOTIENTS (L/M X 100, X --_ S E M) FOR OVARIECTOMIZED E2B PRIMED FEMALE 
RATS DURING TESTS WITH (CN TEST) AND 24 HR AFTER REMOVAL (POST-TEST) OF 

INTRACEREBRAL ANTI-ESTROGEN IMPLANTS 

S~te n CN Test Post-Test CN vs Post 

Preopt~c Area & Ant Hypothalamus 13 20 8 -+ 4 0 90 8 = 3 5 p<0 001 
M~d Hypothalamus II 67 3 -+ I 2 77 3 -+ 5 7 p>0 05 
Mesencephalon II 77 2 -+ 5 7 75 4 ± 4.7 p>0 05 
Frontal Cortex 15 86 0 -+ 6 5 92 7 -+ 2 7 p>0 05 

anterior  hypotha lamic  areas is consistent  wi th  the early that the preoptic ,  septal and anter ior  hypo tha lamic  
estrogen intracerebral  implan ta t ion  studies. However ,  as of  the brain are involved in the necessary act: 
discussed in the In t roduc t ion  these findings have recent ly  estrogen in the induct ion  o f  sexual receptivi ty.  
been challenged by  Davldson [5 ] ,  who noted that  estrogen At the present txme one can only  speculate as 
implants  even in the cerebral cor tex could lead to a possible mechamsm(s)  o f  estrogen act ion in this 
significant faci l i tat ion of  receptivi ty.  Fur the rmore ,  all o f  For  example,  estrogen could enter  the target ceils 
these intracerebral  estrogen implants  usually produced at preopt lc ,  septal and anterior  hypotha lamlc  regions a 
least some uterine s t imulat ion,  suggesting estrogen leakage first w~th cytosol ic  and then nuclear  receptors.  V 
from the brain into the peripheral  ctrculat lon,  shown that  CN-69,725-27 can effect ively  block t h  

Lesions in the preopt lc  and septal  areas have been shown action [9] .  The estrogen-nuclear  receptor  comple:  
to facilitate the reduct ion  o f  sexual recept iv i ty  [ 13 ,18] ,  then s t imulate  the produc t ion  o f  specific m-RNA se~ 
whale electrxcal s t imulat ion of  these regions inhibit  re- which in turn could s t imulate  the produc t ion  of  
cept lvi ty  [12, 14, 25] .  Intracerebral  implants  o f  the protems.  A c t m o m y c m - D  t rea tment  should effect lvel  
DNA-dependen t  RNA synthesis inhibi tor ,  ac t inomycin-D,  this act ion of  estrogen. The newly produced  e, 
into the preopt ic  area at 12, but  not  at 21 hr after SC specific proteins could then facilitate the induc  
reject ion of  E 2 B has also been shown to effect ively  b lock sexual recep t iwty  by somehow suppressing th~ 
the induct ion  of  recept ivi ty  [24] .  Thus, combining these inbabitory actions of  the preoptac, septal and 
findings wi th  our  present results using intracerebral  im- hypotha lamic  regions Lesaons in these regions 
plants o f  the ant i-estrogen CN-69,725-27 strongly suggests faclhtate recep twi ty  [13,18] by removing this tc 
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POA-AHTH MHTH MES 
FIG. i Saglttal view (6) of rat brain dlustratmg the location of the cannula tips m the 
preoptic-anterlor hypothalamtc (POA-AHTH), middle hypothalamlc (MHTH) and various mesen- 
cephahc (MES) sites. Implants m the frontal cortex are not Illustrated. Symbols indicate the 
receptivity score (L/M × 100) during the CN-Test asterisks (70-100), triangles (50-60), squares 

(30-40) and circles (0 20). 
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h ib i t ion ,  wtule electr ical  s t i m u l a t i o n  m these  reg ions  could  s is tent  w i th  the  data ,  its ver i f ica t ion  of  r e fu ta t lo  
suppress  recep t iv i ty  [ 12, 14, 25]  by  p o t e n t i a t i n g  the  ton ic  awmt  f u r t h e r  e x p e r i m e n t a t i o n .  
i nh ib i to ry  ac t ions .  A l t h o u g h  th is  t h e o r y  is clearly con-  
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