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CARRER, II. AND B. J. MEYERSON. Effect of CNS depressants and stimulants on latency for the appearance of 
copulatory response in the female rat. PHARMAC. BIOCHEM. BEHAV. 4(5) 497-505,  1976. -. Diethyl ether anesthesia, 
sodium hexobarbital (20 mg/kg), diphenylhydantoin (50 mg/kg), strychnine (1 mg/kg)and pic:otoxin (1..0.25 mg/kg) 
effectively induced the copulatory response (lordotic behavior) in estradiol benzoate treated ovariectomized rats although 
no progesterone was given. As none of the tested compounds were effective in replacing progesterone in adrenalectomized 
animals, adrenal secretion is likely to be implicated in the lordosis activating effect of these compounds. The lordosis 
response appeared faster after the CNS stimulants than after treatment with the CNS depressants. The influence of 
diethylether anesthesia, strychnine (0.5 mg/kg) or picrotoxin (0.25 mg/kg) on the latency for the appearance of the 
lordosis response after IV injection of isopregnenone was studied in estradiol benzoate treated ovariectomized females. A 
10 min ether anesthesia delayed the onset of the lordosis response in adrenal intact as well as adrenalectomized animals. 
Anesthesia given after receptivity had been fully established suppressed the responses for a short period (10.-.30 min) after 
the narcosis. The delay of the appearance of the first lordosis response after IV injection of isopregnone exceeded this 
period. Strychnine but not picrotoxin significantly shortened the latency to the onset of the female copulatory response. It 
is concluded that the lordotic activating action of progesterone or steroids with progesteronelike ability released from an 
endogenous source or given IV is influenced by compounds which exert a depressant or stimulant effect on neuronal 
activity. The total response obtained is not changed but the appearance of the response is prolonged by CNS depressants 
and shortened by certain CNS stimulants. 
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C O P U L A T O R Y  behav io r  in the  ova r i ec tomized  rat ,  the  
lordosis  response  on  m o u n t i n g  by  a male,  is res tored  more  
effect ively by  es t rogen  fo l lowed by p roges t e rone  than  by 
es t rogen a lone  [2, 4, 19, 20, 25, 32 ] .  A di rec t  cent ra l  
nervous  ef fec t  of  p roges t e rone  is suggested f rom radio- 
chemica l  and  i m p l a n t a t i o n  studies.  P roges te rone  is t aken  up 
and re ta ined  in a var ie ty  of  d i f fe ren t  regions of  the roden t  
bra in  [27,  28, 30, 33 ] .  Imp lan t s  of  p roges t e rone  in to  the  
mesencepha l ic  re t icu lar  f o r m a t i o n  and medial ,  basal 
h y p o t h a l a m u s  faci l i ta te  l o rdo t i c  behavior ,  however ,  the  
results  f rom d i f fe ren t  l abora to r i e s  as to  which  area is the  
cri t ical  site for  the  p roges t e rone  ac t ion  are no t  comple t e ly  
in ag reemen t  [ 2 4 , 2 6 ] .  Very l i t t le  is k n o w n  a b o u t  the  
cent ra l  ne rvous  m e c h a n i s m  by which  p roges t e rone  act ivates  
lo rdo t i c  behav io r  in the  e s t rogen-pr imed  female  rat.  
Increas ing physio logica l  and pharmaco log ica l  ev idence  
suggest t ha t  there  exist  p a t h w a y s  med ia t ing  an i n h i b i t o r y  
con t ro l  of  the  c o p u l a t o r y  behav io r  in the  female rat  
(ev idence  reviewed in [3, 12, 18, 21 ] ) .  It is no t  clear which  
role p roges t e rone  plays in this  respect .  Hypo the t i ca l ly ,  
p roges t e rone  might  r emove  an i nh ib i t i on  or act syner-  
gistically wi th  exc i t a to ry  f u n c t i o n s  to  overr ide  a tonic  
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inh ib i t ion .  An an tagonis t i c  ac t ion  on  lo rdo t ic  behav io r  of  
increased m o n o a m i n e r g i c  act ivi ty  has  been  p roposed ,  based 
upon  the effect  of  neu ropha rmaco log i ca l  agents  wi th  
d i f fe rent  ac t ions  on cent ra l  nervous  m o n o a m i n e r g i c  
m e c h a n i s m s  [ 2 1 ] .  C o m p o u n d s  which  increase the  m o n o -  
aminerg ic  act ivi ty  were found  to inh ib i t  the  es t rogen + 
p roges t e rone  ac t iva ted  lordosis  response.  There  is at present  
ev idence  tha t  sero tonerg ic ,  dopamine rg ic  and chol inergic  
(muscar in ic )  pa thways  are involved in the  med ia t i on  of  this 
i nh ib i t o ry  effect  [9, 13, 14, 16, 18, 22 ] .  C o m p o u n d s  which  
decrease m o n o a m i n e r g i c  act ivi ty  were found  to faci l i ta te  
the  lordosis  r e spond ing  in female  rats  t r ea ted  wi th  es t rogen 
a lone [ 1 7 ] .  Also cort ical  app l ica t ion  of  po tass ium chlor ide  
would replace the  p roges te rone  t r e a t m e n t  [ 6 ] .  These  
effects  could  to a cer ta in  e x t e n t  be ascr ibed to e n d o g e n o u s  
adrenal  proges t in  release, achieved by the  drug t r e a t m e n t  
[1, 8, 23] .  However ,  o t h e r  data  suggest a d i rec t  cent ra l  
ne rvous  ac t ion  of  these c o m p o u n d s  for the  p r o d u c t i o n  of  
the  lordosis  response  [9, 31, 34 ] .  A direct  re la t ionship  
be tween  the  p roges t e rone  ac t ion  on lordosis  response  and 
t r a n s m i t t e r  f u n c t i o n s  is, however ,  still unce r t a in .  

The  reasoning  beh ind  the  present  s tudy  was t h a t  in 
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addi t ion  to s tudies  of  drug ef fec ts  on the  a m o u n t  of  
lordosis  responding ,  ac t ivated  by es t rogen + proges te rone ,  
or s u b s t i t u t i o n  of  p roges t e rone  with neuroac t ive  agents ,  a 
fu r the r  insight  in to  the p r ob l em  of  the mechan i sms  of  
p roges t e rone  ac t ion  could be o b t a i n e d  by invest igat ing the  
inf luence  of  neu ropha rmaco log i ca l  c o m p o u n d s  on  the  
la tency  to appea rance  of  the  p roges te rone-ac t iva ted  lordosis  
response.  The specific objec t ives  of  the  s tudy  were (11 to 
invest igate  if the  t ime it takes  endogenous l y  released 
progest in  to ac t ivate  the lordosis  response  is in f luenced  by 
the neu rona l  depressive or s t imula t ive  qua l i ty  of  agents  
used to p rovoke  a p roges t in - secre t ion ;  ( 2 ) t o  inves t igate  
how psychoac t ive  drugs, which  are no t  able to subs t i t u t e  
for  p roges t e rone  in ac t iva t ing  lordosis  in ad rena l ec tomized  
female rats, in f luence  the  la tency  of  the  lordosis  response  
to appea r  a f te r  proges t in  t r e a t m e n t .  The  ra t iona le  is based 
on the  fo l lowing data  arrived at in previous  invest igat ions:  

Proges te rone  has general  anes the t i c  p roper t i es  [ 1 9 , 2 9 ] .  
When the  capaci ty  of  d i f fe ren t  proges t ins  to induce  lordosis  
behav ior  and the i r  anes the t i c  ac t ion  were c o m p a r e d  no  
cor re la t ion  was found  be tween  these 2 qual i t ies ,  ind ica t ing  
that  the  lo rdo t ic  behav ior  was induced  by a specific ac t ion  
d i f fe rent  f rom the  general  anes the t i c  effect.  F u r t h e r m o r e ,  
the  la tency  to appea rance  of the  lordosis  response  af te r  
d i f fe ren t  proges t ins  given in t ravenous ly  in e s t rogen- t rea ted  
ovar i ec tomizcd  rats was shown to be p ro longed  by 
increasing the dose of  proges t ins  with i nhe ren t  anes the t i c  
proper t ies .  This  was not  the case with i sopregnenone ,  a 
6 a - d e h y d r o r e t r o p r o g e s t e r o n e ,  with  no general  anes the t i c  
effecl.  The la tency  af te r  high doses of  p roges te rone  was 
longer than  af te r  equiva lent  doses of  i sop regnenone  
ind ica t ing  thai  p roges t e rone  has an initial i nh ib i t o ry  ac t ion  
besides the well k n o w n  ac t iva t ing  effect  on the  lordosis  
response.  Thus,  it seems likely tha t  the  onse t  of  the  
response  af te r  exogenous  p roges t e rone  I r ea tn len t  was 
delayed by the i nhe ren t  anes the t i c  p rope r ty  of  this  
progest in .  It was the re fo re  of  in teres t  to ex t end  these 
s tudies  to the  effect  on  the  appea rance  of  lordosis  response  
af ter  t r e a t m e n t  with  CNS depressan t s  and CNS s t imulan ts .  
This was done  in o rder  to invest igate  if the mechan i sm by 
which p roges te rone  ( e n d o g e n o u s  or  admin i s t e r ed )  act ivates  
the  lo rdot ic  behav ior  is sensit ive to a depressive effect  on 
neu rona l  act ivi ty.  The CNS-depress ing c o m p o u n d s  used in 
the  present  s tudy  were: a general  anes the t ic ,  d i e t h y l e t h e r ;  a 
ba rb i tu ra t e ,  h e x o b a r b i t a l  sod ium;  the an t iep i lep t ic  com- 
pound ,  d i p h e n y l h y d a n t o i n  and the  CNS s t imula t ing  agents  
were s t r y c h n i n e  and p i c ro tox inc  which selectively block 
pos t - synap t ic  ( s t r ychn i ne )  or pre-synapt ic  ( p i c r o t o x i n e )  
inh ib i t ion  respectively.  

MI.TFHOD 

,4nimals 

A total  of  a p p r o x i m a t e l y  400  a lh ino  Sprague-Dawley 
rats weighing 3 0 0 - . 3 5 0 g  were kept  u n d e r  reversed day 
night  schedule  ( 1 2 h r  l i g h t - . 1 2 h r  darkness)  at 2 2 - 2 4 ° C  
and provided with commerc ia l  food pel lets  and tap wate r  
ad lib. The  an imals  were ovar i ec tomized  on  arrival at the  
l abo ra to ry  and tes ted  a p p r o x i m a t e l y  3 weeks af te r  surgery. 
A d r c n a l e c t o m i z e d  an imals  were suppl ied wi th  0.9% sod ium 
chlor ide  t h r o u g h o u t  the  e x p e r i m e n t .  

Procedure 

The tests for lo rdot ic  response  were pe r fo rmed  f rom 3 

to 9 h r  af ter  the beg in inng  of  the  dark per iod and were 
pe r fo rmed  in d i m m e d  light. The  female  was b rough t  to an 
obse rva t ion  cage (40  x 40  x 30 cm)  con ta in ing  a vigorous 
male rat  and each test  was ended  af te r  6 m o u n t s  by 1 or 2 
males. A female was cons idered  to have shown a posi t ive 
lo rdot ic  response  when  dur ing  the test  she displayed at least 
2 lordoses.  The results  are expressed as a percen tage  based 
on the  n u m b e r  of  an imals  which showed  posit ive responses  
in each test. 

A single dose of  es t radiol  benzoa te ,  10 ;zg/kg SC was 
given l hr  before  the dark per iod s tar ted.  All o t h e r  
t r e a t m e n t s  were given 4 8  5 4 h r  later. The  animals  were 
rested for at least 2 weeks be tween  2 t r ea tmen t s .  Animals  
were subjec ted  to more than  1 t r e a t m e n t  but  were never  
used more  than  once  in the same t r e a t m e n t  category.  
Animals  used as con t ro l s  were also inc luded in one of  the  
o t h e r  t r e a t m e n t  categories.  Con t ro l s  were always run at the  
same test occas ion as exper imenta l s .  In order  to  screen 
animals  which were responsive as a consequence  of  es t rogen 
in jec t ion  alone,  the  rats were tes ted  before  drug adminis t ra -  
t ion.  Animals  which displayed a posi t ive response  were 
exc luded  f rom fu r the r  testing. When all data  are pooled  7% 
of  n o n a d r e n a l e c t o m i z e d  animals  and 11% of adrenalec-  
tomized  animals  were exc luded  on this  basis. An excep t ion  
to this  rule was made  when  proges te rone  or i sopregnenone  
were given SC at 48 hr. La tency  means  the elapsed t ime 
f rom the  p roges te rone  in jec t ion  to the first test  in which  a 
posi t ive response  was observed.  

Statistical A nal3'sis 

All e x p e r i m e n t s  were run  in at least 2 replicat ivc 
sessions. Stat is t ical  s ignif icance was tested by the X 2 test 
cor rec ted  for c o n t i n u i t y  or F isher ' s  exact  p robab i l i t y  test. 
if not  o the rwise  s ta ted.  

Adminis tered Materials 

1 7/3-estradiol b e n z o a t e  and p roges te rone  (N. Y. Organon,  
t h rough  Erco Ltd, S tockho lm,  Sweden)  were dissolved in 
olive oil. i s o p r e g n e n o n e  ( 6 - d e h y d r o r e t r o p r o g e s t e r o n e ,  
Ferrosan,  Malm& Sweden)  was dissolved in p ropy l ene  
glycol. Hormones  were in jected in a vo lume of  
0 . 2 5  0.35 ml. Diethyl  e the r  (Sk~nska Bomul l skru t ,  Ltd, 
l )6sjebro.  Sweden)  was inhaled with access to air. Hexo- 
barb i ta l  sodium (Bayer  Pharma,  S tockho lm,  Sweden) ,  
s t rychn ine  (ACO, S tockho lm,  Sweden)  and p i c ro tox ine  
(F luka  t h rough  Labkemi,  S tockho lm,  Sweden)  were dis- 
solved in saline. D i p h e n y l h y d a n t o i n  (Epanutin(~), Parke- 
Davis, t tounes low,  England)  was dissolved in p ropy lene  
glycol 40%, e thano l  40%. In t r avenous  in jec t ions  were given 
in one  of  the  lateral tail veins, in jec t ion  vo lume was 0.2 ml. 

RESULTS 

l:'xperiment I Estradiol Benzoate 4- Drug Treatment  

The e / fect  o] ether anesthesia and sodium hexobarbital. 
Estradiol  benzoa t e  t rea ted  spayed females  were given 
10 rain of  e the r  anesthesia .  The  animal  was placed inside a 
cyl indr ic  glass jar  con ta in ing  a piece of c o t t o n  soaked with 
e the r  covered by a wire mesh,  on top  of  which  the animal  
was placed. Care was taken  to let suff ic ient  air in to  the jar. 
The r ight ing reflex was lost a f te r  abou t  1 min w h e r e u p o n  
the  an imal  was removed  f rom the  jar  and the  anes thes ia  
ma in ta ined  by le t t ing the an imal  b rea the  fumes f rom an 



CNS D E P R E S S A N T S ,  S T I M U L A N T S  AND LORDOSIS  B E H A V I O R  499 

T A B L E  I 

LORDOSIS RESPONSE 1N OVARIECTOMIZED RATS AFTER TREATMENT WITH ESTRADIOL- 
BENZOATE (EB) AND ETHER, SODIUM HEXOBARB1TAL. DIPHENYLHYDANTOIN OR 

PROGESTERONE 

Lordosis Response 
Treatment Min "after Treatment 
at Time 0 30 90 180 N 

A. I. Ether anesthesia for 10 rain 
2. Controls 

B. 1. Sodium hexobarbital, 20 mg/kg IP 
2. Sodium hexobarbital, 40 mg/kg IP 
3. Saline, 0.2 ml 

C. 1. Diphenylhydantoin, 50 mg/kg IP 
2. Blank solution, 0.2 ml 

D. Progesterone, 0.4 mg/rat SC* 

22 48 70¶ 23 
9 18 14 22 

6 78** 22 
5 29 62 21 

17 13 24 
45§ 65 80t¶ 20 

6 33 33* 21 
85 95 95 21 

*Progesterone was given 48 hr 'after the estrogen treatment and tests conducted 4, 6 and 8 hr after the 
progesterone injection. Estradiol benzoate (EB), 10 /xg/lg SC was given 52-54 hr before Time 0. 

,*Tested at 120 min. :1:40% ethanole and 40% propylenglycol. Significant difference between 
experimentals and controls §p<0.05, ¶'p<0.01, **p<0.001. 

e the r  soaked piece of  c o t t o n  placed jus t  in f ron t  of  the  nose 
of  the  animal .  The  t ime  f rom d i sappearance  of  the  r ight ing 
relfex till recovery  was a b o u t  10 rain. Care was t aken  to  
keep the  an imals  n o r m o t h e r m  t h r o u g h o u t  the  anesthesia .  
The  rectal  t e m p e r a t u r e  was checked  by a t h e r m i s t o r  
measur ing  device (S tan te l  The rmis to r ,  Type  F 22). At  the  
first tes t  for  lordosis  behav io r  p e r f o r m e d  30 min  a f te r  the  
beg inn ing  of  the  e the r  anes thes ia  the  over t  behav ior  was 
normal .  The  con t ro l  g roup  cons is ted  of  an imals  which  were 
placed in a jar  w i t h o u t  e the r  for  2 rain. Even t h o u g h  no  
p roges t e rone  was given s igni f icant ly  more  animals  d isplayed 
lordosis  response  180 m m  af te r  the  e the r  anes thes ia  t reat-  
m e n t  t h a n  a f te r  con t ro l  t r e a t m e n t  (Table  1 A). The  an imals  
which  displayed lordosis  at 30  or 90 rain also r e sponded  at 
180 rain, i.e. the  response  lasted for  at  least  1.5 hr. 

Sod ium h e x o b a r b i t a l  20 or 40  mg/kg  IP was given at 
T ime 0 (Table  1 B). Af te r  40  mg/kg  the  r ight ing  reflex was 
abol ished for  a b o u t  3 0 r a i n .  At 9 O m i n  the  an imals  were 
not  comple t e ly  recovered.  While s i t t ing in the  h o m e  cage 
they appeared  sl ightly seda ted  with decreased s p o n t a n e o u s  
l o c o m o t o r  act ivi ty.  However ,  the  l o c o m o t o r  ac t iv i ty  was 
a lmos t  n o r m a l  dur ing  the  test  s i tua t ion  in the  male  cage. 
One h u n d r e d  e ighty  m i nu t e s  a f te r  the  in jec t ion  the  over t  
behav io r  was no t  d i f fe ren t  f rom cont ro ls .  The  20 mg/kg  
dose p roduced  a slight sedat ive  effect  seen at 30 min  but  
no t  at 90 rain a f te r  in ject ion.  The  sod ium h e x o b a r b i t a l  
t r e a t m e n t  was effect ive  to p roduce  lordosis  response  in 
6 2 - 7 8 %  of the  an imals  tes ted  180 rain af te r  in jec t ion .  

The eJ~kct of  diphenylhydantoin. The an t iconvuls ive  
c o m p o u n d  d i p h e n y l h y d a n t o i n  (50  mg/kg  I P ) w a s  given at 
Time 0 (Tab le  l C). Tests  for  lordosis  behav io r  were 
c o n d u c t e d  30, 90 and 180 rain later. No effect  of  d ipheny l -  
h y d a n t o i n  was seen on  the  over t  behav io r  at any of  the  
tests  c o n d u c t e d .  D i p h e n y l h y d a n t o i n  t r e a t m e n t  induced  
sexual  recept iv i ty ,  so tha t  at  30 and 120 rain the  pe rcen tage  
of  posi t ive  responses  was s igni f icant ly  h igher  than  in b lank 
t rea ted  animals.  All an imals  r e spond ing  at 90 min  also 
d isplayed lordosis  behav io r  at  1 20 rain. Thus ,  the  readiness  
to  r e spond  lasted for at least 30 min.  The response  of  the  
con t ro l s  was slightly h igher  t han  in o t h e r  con t ro l  groups  
which  might  be due to the  b lank  so lu t ion  given, which  
c o n t a i n e d  e thano l .  

CNS stimulants." strychnine and picrotoxin. S t r y c h n i n e  
and p i c ro tox in  were given IP and the  lordosis  response  
tes ted  at 20, 40, 100 and 190 rain la ter  (Table  2). A b o u t  
hal f  the  n u m b e r  of  animals  t rea ted  were given p ropy len-  
glycol 0.2 ml IV 10 rain af te r  the  drug t r e a t m e n t  (see 
below).  No d i f fe rence  was seen be tween  p ropy leng lyco l  
in jected or  non in j ec t ed  an imals  so the data  of  b o t h  groups  
were pooled.  Already at 20 rain a f te r  s t r y c h n i n e  1.0 mg/kg  
and p i c ro tox ine  0.25 mg/kg  a s ignif icant  n u m b e r  of animals  
showed lordosis  response.  Af ter  p i c ro tox in  1 mg/kg  the  
response  did not  appea r  unt i l  the 100 rain te~t. This  delay 
in appea rance  of  the  response  is p r o b a b l y  due to a 
nonspeci f ic  in f luence  of  the  drug since some animals  in this 
dose ca tegory  showed  convuls ions  shor t ly  a f te r  the  injec- 
t ion  and were not  comple t e ly  recovered at the 20 rain and 
40  rain tests. The lower dose did not  induce  convuls ions  
and no effect  was seen on  the  general  l o c o m o t o r  perfor-  
mance.  Three  animals  ou t  of  14 re sponders  in the  
s t rychn ine  group  responded  only  at I test ,  but  in all o the r s  
posi t ive responses  were evident  in at least 2 consecut ive  
tests. 

The latency of the response. In Fig. 1 is shown  the  
d i s b r i b u t i o n  of  the  first lo rdo t ic  response.  The animals  in 
each t r e a t m e n t  ca tegory  have been classified in 2 groups  
depend ing  on w h e t h e r  they  showed  the  first posi t ive 
response  at the  3 0 - 4 0  rain test  or later. Af te r  sod ium 
h e x o b a r b i t a l  20 mg/kg  only  one  an imal  r e sponded  at the  
30  rain test. The general  act ivi ty  was sl ightly decreased but  
no t  enough  to p reven t  a response  th rough  impai red  m o t o r  
capaci ty .  I sop regnenone  given IV induced  lordosis  response  
in 67% of  the  an imals  at  the  tests  c o n d u c t e d  10 and 30 rain 
af te r  inject ion.  The occur rence  of  the  first lordosis  response  
af te r  e the r  anes thes ia  had a longer  la tency than  af te r  
i sopregnenone  (X 2 = 8.23,  df  = 1, p < 0 . 0 1 )  or  a f te r  
s t rychn ine  (X 2 = 5.6, df  = 1, p < 0 . 0 0 2 ) .  The t ime  
d i s t r ibu t ion  of responses  af te r  d i p h e n y l h y d a n t o i n ,  s t rych-  
nine or p i c ro tox ine  t r e a t m e n t  were no t  s ignif icant ly  
d i f fe ren t  f rom those  observed af te r  i sopregnenone .  

The effect of CNS depressants and stimulants in 
adrenalectomized animals. A d r e n a l e c t o m i z e d  animals  were 
more  sensi t ive to  the  sedat ive and convuls ive effects  of  the 
c o m p o u n d s  used. A d r e n a l e c t o m i z e d  an imals  took  a longer  
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T A B L E  2 

L O R D O S I S  R E S P O N S E  IN O V A R I E C T O M I Z E D  RATS A F T E R  T R E A T M E N T  WITH E S T R A D I O L  
B E N Z O A T E  AND STRYCHNINE OR PICROTOXIN 

Lordosis Response 
Treatment Min 'after Treatment 
at Time 0 20 40 100 190 N 

A. Strychnine, I mg/kg IP 33+ 44t 44t 56 + 27 
B. Picrotoxin, 1 mg/kg IP 8 17 100:~ 100~ 12 

0.25 mg/kg IP 24* 24* 43:]: 24 21 
C. Saline, 0.2 ml IP 3 3 3 6 36 

Estradiol benzoate (EB) 10 p,g/kg SC was given 53 hr before Time 0. 
Significant difference between experimentals and controls *p<0.05. +p<0.01, ~p<0.001. 
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FIG. 1. The latency of the lordosis response. Ether anesthesia was 
given for 10 min, sodium hexobarbital, 20 mg/kg IP, diphenyl- 
hydantoin 50 mg/kg IP, strychnine 1.0 mg/kg IP, picrotoxin 0.25 
mg/kg IP, isopregnenone 0.4 mg/rat IV. Estradiol benzoate, 10 
~g/kg SC was given 5 2 - 5 4  hr before treatment. In parenthesis 

cumulated response. 

t ime  to recover  f rom sod ium hexoba rb i t a l ,  40  mg/kg.  
A l t h o u g h  no de tec t ab le  ef fec t  of  d i p h e n y l h y d a n t o i n  (50  
mg/kg)  was seen in n o n a d r e n a l e c t o m i z e d  an imals  the  
decrease  of  l o c o m o t o r  ac t iv i ty  was obv ious  in adrenalec-  
tomized  animals.  The  lower  dose levels used in 
a d r e n a l e c t o m i z e d  an imals  were chosen  so as no t  to  in te r fe re  
wi th  the  an imal ' s  m o t o r  capaci ty .  A very slight sedat ive  
e f fec t  was seen at the  30 rain tes t  a f te r  the  e the r  t r e a t m e n t  
and  h e x o b a r b i t a l  20 mg/kg. 

As s h o w n  in Table  3, the  slight response  induced  by 
e ther ,  h e x o b a r b i t a l  or d i p h e n y l h y d a n t o i n  in adrenalec-  
tomized  es t rogen t rea ted  animals ,  was not  s ignif icant ly  
d i f fe ren t  f rom tha t  ob t a ined  a f te r  saline. At 90 min  a f te r  
d i p h e n y l h y d a n t o i n  50 mg/kg,  37% of  the  animals  showed 
an i n c o m p l e t e  lordosis  response,  i.e. they  accep ted  the  
male,  a rch ing  the  back bu t  did no t  display the  typical  
p a t t e r n  of  the  head pos tu re  and the  response  did no t  last 
for  a shor t  t ime  af te r  the  male had d i s m o u n t e d  as is 
necessary  for  a full response  accord ing  to our  test  cri teria.  
These  par t ia l  responses  were exc luded  f rom the  data  
p resen ted  in Table  3. 

The  lordosis  response  af te r  s t rychn ine ,  1.0 mg/kg,  was 
no t  s ignif icant ly  h igher  t han  in saline t rea ted  cont ro ls .  

The  capaci ty  to r e spond  was no t  lost in adrenalec-  
t omized  animals ,  since 100% displayed lordosis  response  
when  p roges te rone  was given (Table  3 f). 

Experiment 2 Estradiol Benzoate ÷ lsopregnenone ÷ Drug 
Treatment 

The effect o f  diethyl ether anesthesia: ovariectomized 
females. Proges terone ,  0.4 mg/an imal ,  was given SC 48 hr  
a f te r  the  es t radiol  b e n z o a t e  t r e a t m e n t ,  4 hr  pr ior  to  a 10 
rain d ie thyl  e the r  anesthesia .  The  first tes t  was c o n d u c t e d  
just  a f te r  the  narcosis.  At  this  t ime  the  animals  were able to  
move  a r o u n d  in the  tes t ing  cage, bu t  the i r  m o t o r  perfor-  
mance  was still sluggish. The  lordosis  response  was 
decreased when  c o m p a r e d  with the  response  ob t a ined  
before  the  e the r  t r e a t m e n t  (McNemar  test  for  the  signifi- 
cance of  changes  p = 0 .002,  Fig. 2). At the  30 min  test  the  
lo rdot ic  response  was, however ,  comple t e ly  recovered.  This  
was s ignif icant ,  since it shows tha t  30 rain af te r  e the r  
anes thes ia  the  an imals  had reacquired the i r  m o t o r  abi l i ty  so 
tha t  they could pe r fo rm at no rma l  levels. Figure 2 shows 
the  effect  of  e the r  anes thes ia  on  the  response  ac t iva ted  by 
i sop regnenone  given IV dur ing  the  e the r  anesthesia .  The 
bars of  Fig. 2 depic t  the  d i s t r ibu t ion  of  latencies.  The  
d i f ference  be tween  the  d i s t r i bu t ion  of  la tencies  was tes ted 
by the  X 2 test.  A 2 x 2 c o n t i n g e n c y  table  was used wi th  the  
data  f rom the  30 rain test  in one  co lumn  and the  pooled  
data  f rom the  90 + 180 min  test  in the  o t h e r  one.  The  
appearance  of  the  lordosis  response  was s ignif icant ly  
delayed af te r  the  e the r  t r e a t m e n t  (X 2 = 4.23,  df  = 1; 
p < 0 . 0 5 ) .  

The effect o f  diethyl ether anesthesia: ovariectomized 
and adrenalectomized females. The appea rance  of  the  
lordosis  response  af te r  i n t r avenous  in jec t ion  of  isopreg- 
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T A B L E 3  

LORDOSIS RESPONSE IN OVARIECTOMIZED AND ADRENALECTOMIZED RATS AFTER 
TREATMENT WITH ESTRADIOL BENZOATE IN COMBINATION WITH ETHER ANESTHESIA, 
SODIUM HEXOBARBITAL. DIPHENYLHYDANTOIN, STRYCHNINE, PICROTOXIN OR 

PROGESTERONE 

Treatment Lordosis Response % 
at Time 0 30 90 180 Cumul N 

A. Ether anesthesia for 10 min 0 5 26 26 19 
B. Sodium hexobarbital, mg/kg IP 

40 N D 0 0 0 12 
20 0 0 0 0 10 

C, Diphenylhydantoin, mg/kg IP 
50 7 4 0 7 27 
25 16 I I I 1 21 19 

D. Strychnine, mg/kg IP 
1.0 32 26 16 37 19 
0.5 27 0 0 27 26 

E. Picrotoxin, mg/kg IP 
0.25 0 10 0 10 II 

F. Progesterone, rag/rat SC 
0.4 100 100 100 100 24 

G. Saline 0.2 ml 13 10 3 17 30 
(Blank solution) 

Estradiol benzoate 10 /xg/kg SC was given 53 hr before time zero. 
ND = no data. Drug treatment did not differ significantly from saline-controls. 
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FIG. 2. Lordosis response in ovariectomized rats after ether 
anesthesia (10 min) and IV injection of isopregnenone. Bars 
represent distribution of the appearance of first lordosis response 
after the isopregnenone treatment. EstradioI benzoate 10 ~ug/kg SC 
was given 54 hr before Time 0. The SC injection of progesterone 
was followed by propyIene glycol 0.2 ml IV at Time 0. N = number 

of animals tested. C = cumulative response at 180 rain. 

nenone  was obviously  delayed by a 10 rain e ther  anesthesia 
given at the t ime o f  the progest in  injection.  The animals 
which had been  under  e ther  narcosis  did not  display 
lordosis  until  the 90 rain test (Fig. 3). Difference be tween  
d is t r ibut ion  of  latencies:  (X 2 = 9.9, d f  = 1; p<0 .01 ) .  A 
certain l o c o m o t o r  sluggishness was seen in the e ther - t rea ted  
animals at the 30 rain test ,  but  this e f fec t  had disappeared 
I hr later. To s tudy  the effect  o f  e ther  anesthesia  on  the 
already developed response  i sopregnenone  (0.5 mg/kg) was 
given SC. A test  was conduc t ed  before  the  e ther  t r e a tmen t ,  
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FIG. 3. Lordosis response in ovariectomized and adrenalectomized 
rats after ether anesthesia (10 min) and IV injection of isopreg- 
nenone. Bars represent distribution of the appearance of first 
lordosis response after the isopregnenone treatment. Estradiol 
benzoate 10 gg/kg SC was given 54 hr before Time 0. N = number 

of animals tested. C = cumulative response at 180 min. 

and ano the r  test 30 or 70 min after  the e ther  anesthesia.  
The response was significantly reduced 30 min but  not  70 
min (compared  to pre-e ther  t r ea tmen t )  af ter  the e ther  
t r ea tmen t  (Tab le4 ) .  A clearcut lordosis response was 
ob ta ined  in 90% of  the animals re tes ted  1 hr after the 30 
rain test. Thus,  the establ ished lordosis  response was 
reduced 30 rain but  not  inf luenced at 70 or 90 min after a 
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" ] A B L E  4 

THE EFFECT OF DIETHYL ETHER ANESTHESIA ON ESTRADIOL 
BENZOATE + ISOPREGNENONE SC ACTIVATED LORDOSIS RE- 
SPONSE IN OVARIECTOMIZED AND ADRENALECTOMIZED RATS 

I.ordosis Response C4 
Min Min 

before Ether after Ether 
30 3(1 70 90 

Experimentals 85 48* 90 21 
9,:) gl 16 

Controls 85 95 95 2 I 
(no ether) 

The diethyl ether anesthesia lasted 10 min. Estradiol benzoate 10 
p.g/kg SC was given 48 hr before isopregnenone 0.5 rag/rat SC. The 

tests before ether treatment were conducted 5 hr "after isopreg- 
nenone injection. Significance of difference between experimentals 
and controls ~I,<0.05. 

10 min e the r  narcosis.  The response  70 min  a f te r  e the r  
when  the  anes thes ia  was given at d i f fe ren t  t ime  intervals  
a f te r  the  i sop regnenone  IV in jec t ion  is shown  in Table  5. 
When e the r  was given 10 min  a f te r  i sop regnenone  the  
response  70 min a f te r  the  t r e a t m e n t  was sl ighty reduced  
relative to cont ro ls .  The  d i f ference ,  however ,  did not  reach 
s tat is t ical  significance.  E the r  admin i s t e red  I 00  min af te r  
i sop regnenone  s igni f icant ly  reduced  the response  tes ted 70 
rain later. The cumula t ive  n u m b e r  of  an imals  r e spond ing  
was in this  g roup  s ignif icant ly  d i f fe ren t  f rom cont ro ls .  

The effect o f  strychnine and picrotoxin treatment. The 
effec t  of  s t rychn ine  and p i c ro tox in  given af te r  isopreg- 
n e n o n e  was s tudied  in ad r ena l ec t om i zed  rats. The  la tency  
of  the  response  af te r  the  IV in jec t ion  of  i sop regnenone  

a lone  was the same in this  e x p e r i m e n t  (Fig. 4) and in the  
e the r  e x p e r i m e n t  (Fig. 3). S t r y c h n i n e  (0.5 mg/kg  IP) 
fo l lowed 10 min la ter  by IV i sop regnenone  (0.5 mg) 
ac t iva ted  lo rdot ic  behav io r  in 75% of  the  animals  a lready at 
the  30 min test. The  ana logous  data  when  saline + 
i sop regnenone  was given was 22%. The  cumula t ive  response 
at 180 rain was 100% in the  s t rychn ine  group  and 81% in 
the  saline + i sop regnenone  group.  When s t r y c h n i n e  was 
given in an ana logous  e x p e r i m e n t  but  i sop regnenone  
replaced by p ropy lene  glycol b lank t r e a t m e n t ,  the cumt,  la- 
rive response  was 18% (Fig. 4, legend B). This response  
could be expec ted  f rom blank t r e a t m e n t  (see Fig. 4. legend 
A and Table  3). 

P ic ro tox in  (0.25 mg/kg)  did not  a l te r  the  i sopregnenone-  
induced  response,  in con t ras t  to s t r y c h n i n e  the n u m b e r  of  
females  which displayed lordosis  response  at 30 rain af te r  
i sop regnenone  was slightly lower t han  in controls .  A pilot 
e x p e r i m e n t  was c o n d u c t e d  to s tudy  w h e t h e r  p i c ro tox in  
(0.25 mg/kg)  in f luenced  the already es tabl ished response  
tes ted  40  min af te r  in ject ion.  I sop regnenone  (0.5 mg/ 
an imal )  was given 5 hr  before  the  test. All animals  (N = 12) 
tha t  r esponded  at the  pre p i c ro tox in  test (83%) also 
d isplayed lordosis  at the  post  p i c ro tox in  test. An ana logous  
e x p e r i m e n t  with p i c ro tox in  (0.5 mg/kg)  showed,  however ,  
a s ignif icant  i nh ib i t i on  of  the  post  p i c ro tox in  response.  

DISCUSSION 

This  inves t igat ion d e m o n s t r a t e s  tha t  CNS depressan ts  as 
well as s t imu lan t s  elicited the  lordosis  response  in ovariec- 
tomized  rats  more  effect ively than  the es t rogen t r e a t m e n t  
alone.  The  effect ive c o m p o u n d s  inc luded  the  volati le 
anes the t i c  e ther ,  the  b a r b i t u r a t e  h e x o b a r b i t a l  and the  
an t iconvuls ive  c o m p o u n d  d i p h e n y l h y d a n t o i n  as well as the 
cent ra l  s t imu lan t  agents  s t r y c h n i n e  and p ic ro tox in .  Ether ,  

"I 'ABI.E 5 

T H E  EFFE{"I  OF D I E T H Y L  ETHER A N E S ' I H E S I A  ON T H E  PRODUC' I lON OF THE I .ORDOSIS 
R E S P O N S E  AF TER IV T R E A T M E N t "  W I T H  I S O P R E G N E N O N E  IN O V A R I E C T O M I Z E D  

ADRENAI.ECTOMIZED RATS 

Diethyl Ether Anesthesia 

rain after 
Isopregnenone, 0.5 rag/rat IV 

Lordosis Response q4 
min after 

isopregnenone injection 
90 180 cumul. % N 

A. 10 to 20 22 87 87 23 
B. ItRI to 110 43 43* 54* 28 
Controls (no ether) 47 100 100 38 

Significance of difference between experimentals and controls *p<0.01. 
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FIG. 4. Lordosis response in ovariectomized and adrenalectomized 
rats after strychnine or picrotoxin and IV injection of isopreg- 
nenone. Bars represent distribution of the first appearance of 
lordosis response after the isopregnenone treatment. Estradiol 
benzoate 10 ug/kg SC was given 54 hr before Time 0. N = number 
of animals tested. C = cumulated response at 180 min. Controls 
were given the same estrogen treatment but propylene glycol 0.2 ml 
IV at Time 0 instead of isopregnenone: A (N = 18): 10 min before 
Time 0, saline 0.2 ml IP. Lordosis response at 30 min 11%, 90 min 
5%, 180 min 0%. B (N = 16): 10 min before Time 0, strychnine 0.5 

mg/kg IV. Lordosis 30 min 18%, 90 min 5%, 180 rain 0%. 

d i p h e n y l h y d a n t o i n  and h e x o b a r b i t a l ,  n e i t he r  at  a t ime  a f te r  
t r e a t m e n t  when  some seda t ion  was seen or la ter  w h e n  no  
sedat ive  e f fec t  was presen t ,  did not  p roduce  a s ignif icant  
response  in a d r e n a l e c t o m i z e d  animals.  The  doses of  
s t r y c h n i n e  and p i c r o t o x i n  given to a d r e n a l e c t o m i z e d  
females  were suff ic ient  to in f luence  the  general  ac t iv i ty ,  
however ,  the  an imals  were fully capable  of  adequa te ly  
pa r t i c ipa t ing  in the  c o p u l a t o r y  sequence .  The lordosis  
response  o b t a i n e d  in a d r e n a l e c t o m i z e d  an imals  was no t  
s igni f icant ly  d i f fe ren t  f rom cont ro ls .  These  results  suggest 
tha t  the  lordosis  response  observed in the  nonadrena lec -  
t omized  an imals  was induced  via adrena l  s t imu la t i on  
d i rec t ly  or  by  means  of  ACTH release, wh ich  increased the  
o u t p u t  of  s te ro ids  capab le  of  fac i l i ta t ing sexual  behavior .  
Neu ropha rmaco log i ca l  agents  inc luding  e the r  have been  
d e m o n s t r a t e d  to ac t ivate  adrena l  s teroid  secre t ion  in rats 
[ 11,23] (see also i n t r o d u c t i o n ) .  O t h e r  possibi l i t ies  should,  
however ,  also be cons idered :  a) tha t  some of  the  drugs used 
faci l i ta te  the  response  by an ef fec t  d i rec t ly  on  the cent ra l  
s t ruc tu res  con t ro l l i ng  sexual  behavior ,  while the  presence  of  
adrena l  sec re t ions  pe rmi t  this  d rug  ef fec t  to  be b rough t  
abou t ,  b)  tha t  the  absence  of  adrena l  secre t ions  per  se al ters  
cent ra l  neu rona l  f u n c t i o n s  (e.g. s econda ry  to e lec t ro ly t ic  or 
me tabo l i c  ef fects)  and in tha t  way changes  the  ef fec ts  
excer ted  by the  drugs, c) tha t  the high levels of  c i rcula t ing  
ACTt l  caused by  a d r e n a l e c t o m y  impai r  the drug induced  
responses.  These  a l te rna t ive  possibi l i t ies  are h y p o t h e t i c a l  
and shou ld  be expe r i m en t a l l y  explored .  

The  data  in Fig. 1 ind ica te  t ha t  in the  nonad rena l ec -  
t omized  animal  the  CNS s t i m u l a n t s  p roduced  the i r  ef fec t  
wi th  a sho r t e r  l a tency  t han  the  CNS depressants .  It can be 
seen tha t  a f te r  s t r y c h n i n e  or  p i c ro tox in  the  major i ty  of  
those  an imals  t ha t  b e c a m e  recept ive ,  did so before  40  min 
had elapsed,  while w h e n  e ther ,  sod ium h e x o b a r b i t a l  or  

d i p h e n y l h y d a n t o i n  were given, mos t  an imals  became  
recept ive  af te r  tha t  t ime.  This d i f fe rence  in l a tency  f rom 
in jec t ion  of  the c o m p o u n d s  to the  appea rance  of  the 
response  could be due to the  CNS s t imu lan t s  e~ther el ici t ing 
the  lordosis  response  by a d i f fe ren t  m e c h a n i s m  of  ac t ion  
t han  the  CNS depressants ,  or have more  d i rec t  ac t ion  on 
the  pos tu la t ed  s teroid release t han  e the r  anesthesia .  It 
seems very unl ikely ,  however ,  tha t  e the r  and hexoba rb i t a l  
t r e a t m e n t  p rovoke  adrenal  proges t in  secre t ion  wi th  a 
la tency  of  more  than  2 hr. Two rain of  e the r  anes thes ia  
increased ACTH secre t ion  in rats  wi th in  20 min [ 1 1 ] .  A 
thi rd  possibi l i ty  is tha t  a l t hough  the  CNS depressants  
p roduced  an e n d o g e n o u s  s teroid  release effect ive to ac t ivate  
the  lordosis  response,  the  response  is de layed by the  
depressant  ac t ion  of  these  agents.  This  hypo thes i s  would be 
in ag reement  wi th  the  previous  resul ts  on the  longer  la tency  
a f te r  proges t ins  wi th  i nhe ren t  anes the t i c  p roper t i es  relative 
to the  appea rance  of  the behav io r  a f te r  n o n a n e s t h e t i c  
progest ins  [ 2 0 ] .  It is also in accordance  wi th  the fact tha t  
an ana logous  e t h e r  t r e a t m e n t  as used in E x p e r i m e n t  1 
p roduced  in E x p e r i m e n t  2 a delay of  the appea rance  of  the  
lordosis  response  a f te r  i sop regnenone  ( the  n o n a n e s t h e t i c  
proges t in)  given by IV route .  The  specif ici ty  of  the effects  
ob t a ined  in E x p e r i m e n t  2 will now be discussed. 

In n o n a d r e n a l e c t o m i z e d  as well as in ad rena l ec tomized ,  
es t radiol  benzoa t e - t r e a t ed  female rats, the  la tency  for the 
appearance  of  i sop regnenone  ac t ivated  lordosis  response  
was pro longed  by a 10 rain d ie thyl  e the r  anes thes ia  given in 
c o n n e c t i o n  with the  in t r avenous  proges t in  t r ea tmen t .  

The lordosis  response  already es tabl ished by a subcu-  
t aneous  p roges te rone  or i sop regnenone  in jec t ion  prior  to  
e the r  admin i s t r a t i on  was also inf luenced  by e the r :  a 
t e m p o r a r y  d e c r e m e n t  of  the response  was ob t a ined  in 
c o n n e c t i o n  with the recovery af te r  the  anesthesia .  A cer ta in  
i m p a i r m e n t  of  l o c o m o t o r  act ivi ty  seen at the tests  per- 
fo rmed  close to the  narcosis  could be expec t ed  to 
decrease  the  readiness  to respond  to m o u n t i n g  by the male. 

The  ques t ion  arises w h e t h e r  e the r  depressed the lo rdo t ic  
response  by the same mechan i sm of  ac t ion ,  when  given 
immedia t e ly  af te r  IV i sop regnenone  as when  it was given 5 
hr  a f te r  SC i sopregnenone .  Judging  f rom the du ra t ion  of  
the  effect  it would seem tha t  the  mechan i sm was d i f ferent .  
In animals  anes the t i zed  5 1/2 hr  a f te r  receiving SC isopreg- 
nenone ,  the  lo rdot ic  response,  which was fully es tabl ished 
before  anesthesia ,  reappeared  as soon as the  an imals  
regained m o t o r  con t ro l ,  i.e., p e r fo rmance  was normal  at the  
70 min  test  (Table  4). On the o t h e r  hand ,  when  anes thes ia  
was admin i s t e red  immed ia t e ly  fol lowing IV i sopregnenone ,  
at a t ime  when  i sogregnenone  was p re sumab ly  instru-  
m e n t i n g  its fac i l i ta tory  inf luence  on  recept ive  behavior ,  the  
response  took  longer  to appear  ( 'Fable 5 A). This  was true 
for  b o t h  ad rena l ec tomized  and n o n a d r e n a l e c t o m i z e d  
animals.  This  b lock ing  effect  of  e the r  anes thes ia  was mos t  
evident  when  e the r  was admin i s t e red  af te r  the 90 min test ;  
t ha t  is, a p p r o x i m a t e l y  100 min af te r  i sop regnenone  injec- 
t ion  (Tab le  3 B). While at the 180 rain test all con t ro l  
an imals  were recept ive,  only  43% of the  animals  which  had 
unde rgone  anes thes ia  were receptive.  No m o t o r  i m p a i r m e n t  
can expla in  this  effect ,  since at this  t ime the animals  had 
fully recovered.  

It would  then  seem reasonable  to assume tha t  when  
e the r  was admin i s t e r ed  to an imals  in which  recept iv i ty  had 
a l ready been induced  by i sop regnenone  its de le te r ious  
ef fec t  on  lo rdo t ic  response  was due to the depressed m o t o r  
pe r fo rmance ,  bu t  when  e the r  anes thes ia  in te rvened  at a 
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t ime when  the effect  o f  i sopregnenone  was in the process  of  
being establ ished,  recept ivi ty  was greatly impaired or 
abol ished i ndependen t ly  of  m o t o r  pe r fo rmance .  It is 
conc luded  that  the lordosis  activating act ion of  proges- 
te rone  or s teroids  with proges teronel ike  abili ty released 
f rom an endogenous  source or given IV, is inf luenced by 
c o m p o u n d s  which exer t  a depressant  ef fect  on neuronal  
act ivi ty;  the total  response  ob ta ined  is no t  changed but the 
appearance  o f  the response is delayed.  This delay o f  the 
response achieved by CNS depress ion was still obvious  at a 
t ime af ter  t r ea tmen t  when  no overt  sedative ef fec t  was 
seen. 

Af te r  the CNS s t imulant  c o m p o u n d  s t rychnine ,  the 
la tency of  the i sopregnenone- induced  response  was signifi- 
cant ly  shor te r  than af ter  i sopregnenone  alone. S t rychnine  
alone p roduced  a slight response,  however ,  not  d i f fe rent  
f rom what  could be expec ted  by the es t rogen + p ropy lene  
glycol t r ea tment .  Fur ther  pharmacological  expe r imen t s  
have to be pe r fo rmed  to elucidate whe the r  the effect  o f  
s t rychn ine  is related to a general CNS s t imula tory  effect  or 
should be specifically ascribed to the block of  pos t synap t i c  
inhib i t ion  achieved by this c o m p o u n d .  The fact that  
p ic ro toxin ,  a l though a CNS s t imulant ,  did not  inf luence the 
d is t r ibut ion of  latencies would suggest that  the effect  o f  
s t rychnine  is not  achieved by a general CNS s t imulat ion.  

The most  obvious d i f ference  be tween  the 2 CNS s t imulants  
is that  s t rychn ine  interferes  with pos t synap t ic  inhibi t ion,  
whereas p ic ro tox in  blocks presynapt ic  inhibi t ion [5 ,7] .  
There  is evidence that  monoaminerg ic  as well as cholinergic 
pa thways  exist which media te  inhibi t ion of  the lordosis  
response  ( for  references  see in t roduc t ion) .  It is not  clear at 
which level o f  the CNS these pa thways  are located.  The 
di f ference  be tween  the ef fec ts  o f  s t rychnine  and p ic ro tox in  
could possibly be taken as evidence that  pos t synap t ic  ra ther  
than presynapt ic  inhib i tory  func t ions  are involved. 

The finding that  the la tency be tween  the in t ravenous 
in ject ion of  i sopregnenone  and the appearance  of  the 
lordosis  response  was longer under  ad rena lec tomy then in 
nonadrena lec tomized  animals requires fur ther  expe r imen t s  
in order  to be explained.  Hypothe t ica l ly ,  the effect  o f  
p roges te rone  could be d e p e n d e n t  on e lec t ro lyt ic  s tatus 
and /o r  metabol ic  mechanisms which are not adequate ly  
func t ion ing  after  adrena lec tomy.  
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