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MEYERSON, B. J. AND B. BOHUS. Effect of ACTH 4-10 on copulatory behavior and on the response in a test for 
socio-sexual motivation in the female rat. PHARMAC. BIOCHEM. BEHAV. 5(5) 539-545,  1976. - Female copulatory 
behavior and the urge of a female rat to seek contact with a sexually active male was studied after treatment with the 
peptide ACTH 4-10 .  No effects of this peptide were seen on the copulatory response of ovariectomized females treated 
with estradiol benzoate (EB) alone or EB and progesterone combined. An increasing barrier technique was used to measure 
how much of an aversive stimulus (crossing an electrified grid) a female was willing to endure to gain contact with a 
sexually active male. It has been shown in previous investigations (15) with ovariectomized rats that after a certain time of 
adaptation and training in this apparatus the response attained remains at a certain basal level from which it is increased by 
treatment with EB. Animals treated with ACTH 4 - 1 0  during the phase of adaptation and training attained a significantly 
higher basal response level than controls. This effect was only observed when the peptide treatment covered the period of 
adaptation and was not seen when the treatment was started after this critical period. The EB-induced response was not 
influenced by ACTH 4 - 1 0  given during the period of adaptation or given in connection with the EB treatment. It is 
concluded that ACTH 4 - 1 0  influenced the acquired response level but had no effect on steroid induced responses, which 
are probably controlled by more innate mechanisms. 
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C O N D I T I O N I N G  e x p e r i m e n t s  have provided  evidence tha t  
the h e p t a p e p t i d e  ACTH 4 - 1 0  in f luences  b ra in  func t i ons  
involved in the  acquis i t ion  and  e x t i n c t i o n  of  avoidance  and  
app roach  cond i t i ona l  behav io r  ( for  review see de Wied et al. 
[4] ). The  pep t ide ,  wh ich  has  a s equency  c o m m o n  to ACTH 
and to  the  m e l a n o c y t e  s t imula t ing  h o r m o n e  (MSH), cor- 
rects  impar ied  abi l i ty  of  h y p o p h y s e c t o m i z e d  rats  to  acquire  
a cond i t iona l  avoidance  response  (CAR)  and  inh ib i t s  the  
e x t i n c t i o n  of  CAR in in tac t  rats  [ 1 ] .  ACTH and re la ted  
pept ides  such as MSH and ACTH 4 - 1 0  faci l i ta te  acquisi-  
t ion  and delay e x t i n c t i o n  of  appe t i t ive  responses  in the  rat  
[7,  8, 10, 11 ] .  The  behaviora l  effects  are more  l ikely to be 
due to a direct  ac t ion  of  the  pept ide  t h a n  to be  achieved by  
adrenal  ac t iva t ion ,  as the  pep t ide  has been  s h o w n  to lack a 
s t imula to ry  ef fec t  o n  the  adrena l  cor t ical  secre t ion.  

Recen t ly  Bohus  et al. [2]  s tud ied  the  effect  of  ACTH 
4 - 1 0  on  c o p u l a t o r y  behav io r  and  on  sexual ly  m o t i v a t e d  
app roach  responses  of  male  rats. The  pep t ide  increased 
in t romiss ion  and  e jacula t ion  la tencies  and  this  ef fec t  was 
re la ted to the  dose of  t e s t o s t e r one  p rop r iona t e .  The urge to 
seek con tac t  wi th  a female  was tes ted  in a r u n w a y  s i tuat ion.  
ACTH 4 - 1 0  de layed  e x t i n c t i o n  of  the  r u n w a y  response ,  
bu t  had  no  ef fec t  on  the  drive to seek con t ac t  w i th  a 
female.  

E lemen t s  of the  copu la to ry  behav ior  of  the  female rat  
are d e p e n d e n t  o n  ovar ian  ho rmones .  The  lo rdo t ic  response  
to the male  m o u n t i n g  disappears  a f te r  ova r i ec tomy  but  can 
be res to red  by  es t rogen fo l lowed af ter  a cer ta in  t ime  by  
proges te rone  [3, 13, 19 ] .  The effect  of h o r m o n e s  on  the  
female sexual  mo t iva t i on ,  i.e. the  eagerness to  seek con tac t  
wi th  a sexual ly active male,  has recen t ly  been  invest igated 
[5, 12, 15, 17] .  The  th ree  m e t h o d s  used differed f rom each 
o the r  wi th  respect  to the  app roach  offered to the  an imal  to  
reach  the  male  (ove rcome  an  aversive barrier ,  app roach  in 
an open-f ield,  runway-cho ice  s i tua t ion) .  Cyclic changes in 
the  response,  wi th  the  highest  response  ra te  dur ing estrus 
was found  in females  wi th  a 5 day cycle. In the  ovar iecto-  
mized female  es t rogen induced  an  increase in the  urge to 
seek con tac t  wi th  the  male,  this  effect  being dose- 
d e p e n d e n t .  The  presen t  s tudy  uses one  of  these t echniques ,  
namely  the  increasing barr ier  m e t h o d ,  in which  the  animal  
has to pass an  electr ic  grid to  gain con tac t  w i th  the  male.  
The grid cu r ren t  is increased s tepwise  every second t ime  the 
female crosses. Thus  in consecut ive  tr ials  the  an imal  has to  
endure  progressively aversive s t imul i  to  reach  the  goal cage. 
The tes t  p rocedure  may  be divided in to  3 phases:  (1)  the  
an imal  becomes  adap ted  to the  tes t  s i tua t ion  w i t h o u t  any  
aversive s t imulus  be ing  applied,  (2) the  an imal  becomes  
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t ra ined  in the  aversive tes t  s i tua t ion  in daily tests  to  a fairly 
c o n s t a n t  basal  level of response  and  (3)  the  es t rogen 
t r e a t m e n t  is t hen  given, which  induces  an increase in 
response  last ing for  a few days,  h e r e u p o n  the  basal  level is 
regained.  

In the  p resen t  inves t iga t ion  the  inf luence  of  ACTH 4 - 1 0  
on the  socio-sexual  m o t i v a t i o n ,  when  given at the  d i f fe ren t  
phases of  the  e x p e r i m e n t a l  p rocedu re  of  the  increasing 
barr ier  m e t h o d ,  was examined ,  and  also the  effect  of  the  
pept ide  on  the  es t rogen  + p roges t e rone  ac t iva ted  copula-  
to ry  behav ior  in female  rats. 

M A T E R I A L  AND M E T H O D S  

Animals 

A b o u t  240  ova r i ec tomized  a lb ino  Sprague-Dawley ra ts  
weighing 3 0 0 - 3 5 0  g were used. They  were kep t  u n d e r  a 
reversed day-n igh t  schedule  (12 hr  l ight - 12 hr darkness)  
at 2 2 - 2 4 ° C  and  provided  wi th  commerc i a l  food  pel lets  and  
tap water  ad lib. The  rats  were ova r i ec tomized  o n  arrival at 
the  l a b o r a t o r y  and were used in the  e x p e r i m e n t s  no t  earlier 
than  3 weeks af te r  surgery.  

Procedure 

Detai ls  of  the  e n v i r o n m e n t a l  cond i t i ons  and  p rocedures  
have been  descr ibed  e lsewhere  [ 1 5 ] .  The  tests  were 
pe r fo rmed  3 - 9  hr  a f te r  the  beg inn ing  of  the  dark  per iod,  
under  d i m m e d  l ight ing cond i t ions .  

Lordotic behavior. The female  was b r o u g h t  to  an  
observa t ion  cage (40 x 40 x 30)  con ta in ing  a vigorous male  
rat.  The  occur rence  of  tail  de f lec t ion  and  e leva t ion  of the  
back  ( lo rdo t ic  response)  of  the  female  when  m o u n t e d  by  
the male was assessed. Females  wh ich  displayed lordosis  at 
at least two consecu t ive  m o u n t s  ou t  of  six were scored 
positive. The resul ts  are expressed  as a percenl;age based on  

the  n u m b e r  of  an imals  which  showed  a posi t ive response  in 
each test .  

Sexual motivation. The appa ra tus  and t ra in ing  p rocedu re  
e m p l o y e d  have been  descr ibed in detai l  previously  [ 15 ]. To 
o b t a i n  con t ac t  wi th  a male,  the  female  rat  had to cross an 
electr i f ied grid. The length  of  t ime  for  which  the  rat  
r emained  in the  s ta r t ing  cage before  crossing to the  goal 
cage was measured  (hes i t a t ion  t ime) ,  as well as the  n u m b e r  
of crossings made .  In the  p resen t  s tudy the  hes i t a t ion  t imes 
before  crossing the  grid for  the  first and  second t ime  were 
added together .  Af te r  every second crossing the in tens i ty  of 
the  electr ic  cu r r en t  was increased s tepwise (0 0.01 0 . 0 5 -  
0 . 0 7 - 0 . 1 2  m A  and the rea f t e r  by  a fac tor  of  1.3). A 
hes i ta t ion  t ime  exceeding  5 min  t e r m i n a t e d  the  test.  The 
t ime a l lowed in the  goal cage was 15 sec. The con tac t  wi th  
the male  was res t r ic ted ,  i. e. con t ac t  was a l lowed but  the  
animals  were separa ted  by  a wire mesh.  The appa ra tus  is 
depic ted  in Fig. 1. 

Injected materials. Estradiol  benzoa t e  and p roges t e rone  
(Organon  t h r o u g h  Erco,  S tockho lm,  Sweden)  were dis- 
s o l v e d  in  o l i v e  o i l ,  i s o p r e g e n o n e  (6 -dehydro-  
r e t ro -p roges te rone ,  Fer rosan ,  Malmi3, Sweden)  in p r o p y l e n e  
glycol and ACTH 4 - l  0 (Organon  t h r o u g h  Professor  D. de 
Wied, U t r ech t ,  The Ne the r l ands )  in saline. ACTH 1 39 
co r t i co t rop ine  c a r b o x y m e t h y l  cellulose, Ferr ing,  Malm/5, 
Sweden)  was d i lu ted  in saline. The in jec t ion  vo lume  for  
estrogen and  ACTH 1 - 3 9  was 1 ml /kg  b.w. and for ACTH 
4 - 1 0  0.5 ml, i sop regnenone  0.1 ml and p roges te rone  0.2 
ml per  animal .  All in jec t ions  were given s u b c u t a n e o u s l y  
(SC) excep t  i sopregnenone ,  which  was given in t r avenous ly  
(IV). 

Statistical tests. The fo l lowing stat is t ical  tests  were used : 
F r i e d m a n  two-way analysis  of  variance (x 2 ), Mann  Whi tney  
U tes t  (z), Wi lcoxon  matched-pa i r s  s igned-ranks  test  (T), 
and S t u d e n t ' s  t - test  (t). The tes t  used in a par t icular  case 
will appear  f rom the  stat is t ical  symbols  given in b racke t s  in 
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'STEPP R ' COUNTER PRESET TIMER 5HOCK I / ,E --F;R - ~;EE 
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FIG. 1. The apparatus used to measure the urge of ovariectomized rats to seek contact with a male. For testing procedure 
see Method and [15]. 
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T A B L E  1 

LORDOTIC RESPONSE IN OVARIECTOMIZED RATS 

Percentage Lordosis 
Min after last injection 

Treatment Pretest 30 90 180 240 N 

A. ACTH 4-10 at 52 h 4 4 4 0 24 
B. Prog. at 48 h 

and saline at 52 h 75 79 79 79 24 
C. ACTH 1-39 at 48 h 7* 85 14 

D. ACTH 4-10 at 52 1/2 h 
and isopr, at 53 h 6 6 33 83 18 

E. Saline at 52 1/2 h 
and isopr, at 53 h 6 6 22 83 18 

F. ACTH 4-10 at - 2 ,  1/2, 2, 4 h 
and prog. at 48 h 67t 12 

G. Saline at - 2 ,  1/2, 2, 4 h 
and prog. at 48 h 83t 12 

Estradiol benzoate, 5 #g/kg SC was given at Oh; ACTH 4-10 20 ~ g/rat SC; ACTH 1-39 20 IU/kg SC 
Progesterone (prog.) 0.4 mg/rat SC; Isopregnenone (isopr.) 0.5 mg/rat IV. 

The pretest was conducted 30--60 min before the last injection. 
*The animals were tested with estradiol benzoate alone 2 weeks prior to the present test. 
tCumulated response in 3 tests made 4, 6 and 8 h after the progesterone injection. 

Results  be low.  Fo r  the  non - pa r am e t r i c  tes ts  see Siegel [18 ]. 

RESULTS 

L o r d o t i c  Behavior  

ACTH 4 - 1 0  was given 52 hr  a f te r  adm i n i s t r a t i on  of  
es t radiol  b e n z o a t e  (EB) to  invest igate  w h e t h e r  the  pept ide  
could replace the  p roges t e rone  t r e a t m e n t ,  wh ich  is neces- 
sary to ob ta in  a response.  As is evident  f rom Table  1, B and 
C, b o t h  p roges t e rone  and  ACTH 1 - 3 9  given 48 hr  af ter  the  
EB t r e a t m e n t  i nduced  lo rdo t ic  behav io r  in a b o u t  80% of  
the animals.  In cont ras t ,  ACTH 4 - 1 0  was no t  effect ive in 
induc ing  a lo rdo t ic  response.  Tests  were made  to  invest igate  
w h e t h e r  ACTH 4 - 1 0  in f luenced  the  t ime  la tency  b e t w e e n  
an IV in jec t ion  of a p roges t in  and  the  appea rance  of  the  
lo rdot ic  response.  It has  been  s h o w n  earlier t ha t  the  
anes the t i c  p r o p e r t y  of  p roges t e rone  inf luences  the  t ime  it 
takes for  this  h o r m o n e  to p roduce  its lordosis  ac t ivat ing 
effect  [ 1 4 ] .  I sop regnenone  was chosen  in the  present  test  
s i tua t ion ,  as this  p roges t in  lacks anes the t i c  proper t ies .  It 
was given IV in to  one  of  the  la teral  tail  veins and tests  for  
lo rdot ic  behav io r  were c o n d u c t e d  30,  90 and  180 min  af te r  
the in ject ion.  ACTH 4 - 1 0  given 30 m i n  before  the  
proges t in  in j ec t ion  did no t  in f luence  the  l a tency  of the  
response  or the  to ta l  response  (Table  1, D and E). 

The  effect  of  ACTH 4 - 1 0  admin i s t e red  in c o n n e c t i o n  
wi th  the  es t rogen t r e a t m e n t  was invest igated.  The pep t ide  
was given 2 hr  before  and  30 min ,  2 hr  and 4 hr  af ter  the  
es t rogen in jec t ion .  P roges te rone  was given at 48 h r  and  the  
behavior  was tes ted  4, 6, and 8 hr  later.  The  cumula t ed  
response  is s h o w n  in Table  1 F. No s ignif icant  d i f ference  
was f o u n d  be tween  ACTH 4 - 1 0  t rea ted  females  and 
controls .  

Sexua l  Mot i va t ion  

A C T H  4 - 1 0  During A d a p t a t i o n  to the  Test  Appara tus  - 
E x p e r i m e n t  1 

The animals  (n = 42)  were t rea ted  as follows: 

Day l :  The female  was placed in the  s tar t ing cage and 
left  free to  explore  the  appa ra tus  for  5 min.  No grid cu r ren t  
was on. The  goal cage held a sexually active male.  This 
p rocedure  was repea ted  on  Day 2. On Day 3 the female  rat  
was b r o u g h t  back to the  s ta r t ing  cage af te r  having crossed 
the grid and  en te red  the  goal cage. F i f t een  seconds  were 
al lowed in the  goal cage and af ter  6 crossings the  session 
was ended  tha t  day.  All animals  pe r fo rmed  6 crossings. On 
Day 4 the  grid cu r ren t  was swi tched  on  and  the  p rocedure  
fol lowed the  descr ip t ion  given in Methods .  The experi-  
m e n t a l  animals  received 20 ugACTH 4 - 1 0  1 hr pr ior  to  the  
test,  while con t ro l s  were t rea ted  wi th  saline. One session 
was c o n d u c t e d  each day on  the  days ind ica ted  in Fig. 2. 
Pept ide  t r e a t m e n t  was c o n t i n u e d  unt i l  Day 10. There  was 
an overall  e f fec t  a m o n g  the  test  sessions on  Days 4 - 1 0  in 
the  ACTH 4 - 1 0  group (x 2 = 19, d f  8, p < 0 . 0 2 )  bu t  no t  in 
the  saline group (x 2 = 6.2, d f  8, p > 0 . 5 ) .  In the  first test  
session the  responses  were lower  t han  in the  later  ones.  It 
was a cons i s t en t  f inding tha t  ACTH 4 - 1 0  t rea ted  animals  
crossed the  grid s ignif icant ly  more  o f t en  than  controls .  This  
was evident  f rom the  first day recordings  were made  (Day 
4, z = 2.4, p = 0 .016 ;  Days 4 - 6 ,  z = 3.9, p < 0 . 0 0 1 ) .  The 
hes i t a t ion  t imes  for  the  first two crossings (see Methods)  
were combined .  The d i f fe rence  increased f rom Day 7 and 
lasted till Day 30 (Day 11, z = 2.5, p -~ 0 .012 ;  Day 30, z = 
3.4, p < 0 . 0 0 1 ) .  The hes i t a t ion  t ime  was no t  s ignif icant ly  
d i f fe ren t  in the  ACTH 4 - 1 0  group (Days 4 - 1 0 )  f rom tha t  
in the  con t ro l s  (see Table 2). 

A C T H  4 - 1 0  a f ter  the A d a p t a t i o n  to the Appara tus  - 
E x p e r i m e n t  2 

The animals  (n = 21) were tes ted  here  in the  same way as 
in E x p e r i m e n t  1 excep t  t ha t  saline was given ins tead  of  
ACTH 4 - 1 0  to the  e x p e r i m e n t a l  animals  f rom Days 1 - 4 .  
On Days 5 - 1 0  ACTH 4 - 1 0  (20 ug / an ima l )  was in jected 1 
hr  be fore  the  day ' s  test .  No tes t  session was c o n d u c t e d  on  
Day 6 bu t  ACHT 4 - 1 0  was given (Fig. 3 and Table 3). 
There  was no  d i f fe rence  in the  n u m b e r  of  crossings be tween  
expe r imen ta l  and  con t ro l  an imals  on  Day 4 (z = 0 .18,  
p > 0 . 4 )  or 5 (z = 0 .52,  p > 0 . 3 )  no r  in the  average response  
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IqG. 2. Effects of treatment with ACTH 4 10 given on Days 1-10  
on the number of grid crossings amde by ovariectomized rats to gain 

contact with a sexually active male (Experiment 1). 

of Days 5 t h r o u g h  11 (z = 0.28,  p > 0 . 5 ) .  The d i f ferences  
be tween  the results  of  tes t  sessions w i th in  the  same group  
for Days 5 t h r o u g h  11 were n o t  s ta t is t ica l ly  s ignif icant  
(ACTH 4 10 group : x 2 = 5.48, d f  5, p >  0.3 ; saline con t ro l s  
x; = 3.6, d f  5, p > 0 . 5 ) .  The  hes i t a t ion  t imes  were a b o u t  the  
same in the  two groups  on  Day 4 (t  = 0.4 NS) and similar  to  
those  in E x p e r i m e n t  1 for  t ha t  day.  The  average hes i t a t ion  
t imes for  the  tes t  sessions on  Days 5, 6, 8, 9, 10 and 11 in 
the ACTH group were slightly higher  t han  those  in the  
saline t r ea t ed  groups,  and  also higher  t han  in E x p e r i m e n t  1. 
However ,  this d i f ference did no t  reach  s ta t is t ical  signifi- 
cance. 

Estradiol  B e n z o a t e  to Previously  A C T H  4 I 0  Treated 
An ima l s  E x p e r i m e n t  3 

A b o u t  30 days af te r  the  beg inn ing  of E x p e r i m e n t  1 
es t radiol  b e n z o a t e  10 ug /kg  was given to an imals  (n = 24)  
which  had been  t r ea ted  wi th  ACTH 4 - 1 0 ,  as well  as to  
subjects  used as cont ro l s ,  in E x p e r i m e n t  1 (Fig. 4). The 
es t rogen t r e a t m e n t  s ignif icant ly  increased the  n u m b e r  of  
crossings in b o t h  groups  (ACTH 4 10 group x 2 = 1 5 . 3 , d r  

= 4, p < 0 . 0 1 ;  saline con t ro l s  x -~ = 41.2,  d r =  4, p < 0 . 0 0 1 ) .  
The  response  for  Day 2 and 3 c o n b i n e d  did no t  differ  
be tween  the  two  groups  (z = 1.0, p > 0 . 1 ) .  The relat ive 
increase f rom Day 0 to Days 2 and  3 in the  fo rmer  con t ro l  
group ( E x p e r i m e n t  1) seemed to be higher  t h a n  in the  
fo rmer  ACTH 4 - 1 0  t r ea ted  group.  However ,  on  Day 0 
there  was a s ignif icant  d i f ference  b e t w e e n  the  two groups  (z 
= 3.2, p < 0 . 0 0 l ) .  As the  two groups  s tar ted  at a d i f fe ren t  
level before  the  h o r m o n e  t r e a t m e n t ,  a direct  compar i son  of  
the e x t e n t  to which  es t rogen increased the n u m b e r  of  grid 
crossings in these  groups  is d i f f icul t .  The  hes i t a t ion  t imes 
were s ignif icant ly  higher  in the  saline con t ro l s  on Day 0 of  
EB t r e a t m e n t  t han  in the  ACTH 4 10 group  (Table 4). On 
the th i rd  day of the  EB t r e a t m e n t  the  hes i t a t ion  t imes had 
s ignif icant ly  decreased c o m p a r e d  to Day 0 (ACTH 4 - 1 0  
group:  T = 31,  p < 0 . 0 1  ; saline con t ro l s  T = 6, p < 0 . 0 1 ) .  No 
di f ference was seen at this t ime be tween  the  two groups.  

A C T H  4 - 1 0  and  Estradiol  Benzoa t e  T r e a t m e n t  - Exper i -  
m e n t  4 

Animals  which  had  pa r t i c ipa ted  in E x p e r i m e n t s  1 and  3 
were also used in E x p e r i m e n t  4. This e x p e r i m e n t  was 
conduc t ed  a b o u t  120 days af te r  the  beg inn ing  of  Exper i -  
men t  1. E x p e r i m e n t a l  animals  and  con t ro l s  f rom Exper i -  
men t  1 were divided in to  two groups.  One group was 
t rea ted  wi th  ACTH 4 - 1 0  plus es t rad io l  b e n z o a t e  and the 
o the r  group received saline ins tead of  ACTH 4 - 1 0 .  In all 
categories  es t radiol  b e n z o a t e  i nduced  a s ignif icant  (Fried-  
man  analysis  of var iance p < 0 . 0 0 1 )  increase  in the  n u m b e r  
of crossings and reduced  hes i t a t ion  t imes (Fig. 5 A and  B 
and Table 5). The grid crossings pe r fo rmed  by  animals  
which  had received ACTH 4 - 1 0  in E x p e r i m e n t  1 are 
dep ic ted  in Fig. 5A. It is clear t ha t  ACTH 4 10 given 1 hr 
before  the  test  on Days 0, 1, 2, 3 and  4 did no t  inf luence  
the es t rogen induced  increase  in crossings (Day 0 z = 0.1, 
NS, Days 2 and  3 z = 0.9 NS). Figure 5 B shows the  
analogous  e x p e r i m e n t  carr ied ou t  on  animals  no t  t r ea ted  
earlier wi th  ACTH 4 - 1 0 .  No d i f fe rences  b e t w e e n  rats  
t r ea ted  wi th  ACTH 4 10 and  those  t rea ted  wi th  es t rogen 
a lone were seen (Day 0: z = 0.8 NS; Days 2 and 3: z = 0.3 
NS). It was also seen f rom the  scores on Day 0 tha t  the  
d i f ference  be tween  the  ACTH 4 - 1 0  t rea ted  animals  of  
E x p e r i m e n t  3 (Fig. 4)  and the  saline t rea ted  animals  of  
E x p e r i m e n t  4 (Fig. 5) at 120 days had decreased as 
compared  wi th  Day 30 af ter  the  early ACTH 4 10 
t r e a t m e n t  (Day 0, E x p e r i m e n t  3 c o m p a r e d  to E x p e r i m e n t  
4: z = 2.6, p < 0 . 0 1 ;  Days 2 and 3: z = 1.9, p = 0.012) .  An 
analogous  compar i son  be tween  the  con t ro l s  of  E x p e r i m e n t  
3 and  the rats  t r ea ted  wi th  es t radiol  benzoa t e  a lone  in 
E x p e r i m e n t  4 showed  no s ignif icant  d i f ference  in crossings 

T A B L E  2 

HESITATION TIMES IN S (MEAN +__ SEM) 

Day 
4 5 6 7 8 9 10 4-10 

ACTH 4-10 65 _+ 10 80 _+ 15 69 -+ 10 49 _+ 8 45 ___ 8 53 _+ 11 68 _ 12 61 _+ 7 

Saline 64 _+ 14 102 _+_+ 14 79 -+ 11 58 -+ 9 66 ___ 13 76 _+ 13 78 _+ 13 71 _+ 7 

t = 0 .9  

NS 

T h e  experiment was repeated four times, with a n e w  batch  of animals e a c h  t ime .  
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T A B L E 3  

HESITATION TIMES IN S (MEAN ± SEM) 

Day 
4 5 6 8 9 10 11 5-11 

ACTH4-10 63 ± 15 118 ± 2 6  128 ± 23 101 ___25 125 ± 26 60 ± 12 79 ± 20 98 ± 11 

Saline 71 ± 15 82 ± 19 61 --- 13 56 ± 13 88 ± 23 112 ± 26 40 ± 7 74 _+ 11 

t=l .5  
NS 

The experiment was repeated twice with a new batch of animals each time. 
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FIG. 3. Effects of treatment with ACTH 4-10  given on Days 5 -10  
on the number of grid crossings made by ovariectomized rats to gain 

contact with a sexually active male (Experiment 2). 

on Day 0 (z = 0.1, NS). However,  on Days 2 and 3 the 
number  of crossings was somewha t  higher in Expe r imen t  3 
than in Expe r imen t  4 (z = 2.5, p = 0.01). 

A compar i son  of  the estradiol  benzoa te  plus saline 
t reated animals in Groups  A and B revealed no statistical 
d i f ference in the number  of  crossings on Day 0 or Days 2 
and 3 (z = 1.2 and 1.7, NS). The ACTH 4 - 1 0  t reated 
animals dif fered signif icantly,  however ,  in crossings on Day 
0 (A compared  to B, z = 2.3, p < 0 . 0 2 )  and Days 2 and 3 (z 
= 2.8, p = 0.005).  The animals t rea ted  earlier with ACTH 
4 - 1 0  had a higher  score. 

DISCUSSION 

Lordo tic Behavior 

ACTH 4 - 1 0  proved to be no subs t i tu te  for p roges te rone  
t r ea tmen t  in eliciting lordot ic  behavior.  Nor  did it inf luence 
the la tency f rom a progest in  in jec t ion  to the appearance of  
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FIG. 4. Effects of treatment with estradiol benzoate on the number 
of grid crossings made by ovariectomized rats to gain contact with a 

sexually active male (Experiment 3). 

T A B L E  4 

HESITATION TIMES IN S (MEAN -+ SEM) 

Day 
0 3 5 

ACTH 4-10 group 49 ± 11 17 ± 3 32 _ 8 
Saline controls 106 ± 22 17 ± 4 22 ± 7 
Significant t = 2.38 t = 0.89 
difference p <0.05 NS NS 

the lordot ic  response.  The pept ide  given in connec t ion  wi th  
the estrogen t r ea tmen t  did no t  inf luence the  estrogen + 
proges te rone  induced response.  Feder  and Ruf  [6] repor ted  
that  ACTH t r ea tmen t  facil i tated lordot ic  behavior  in 
es t rogen-pr imed ovar iec tomized rats by releasing progester-  
one f rom the adrenals.  That  ACTH 4 - 1 0  could no t  replace 
proges terone ,  whereas ACTH 1 - 3 9  was effective in in- 
ducing a lordot ic  response  in es t rogen-pr imed females,  
indicates that  ACTH 4 - 1 0  did no t  provoke a release of 
s teroids f rom the adrenals.  
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FIG. 5. Effects of treatment with estradiol benzoate (EB) plus 
ACTH 4 - 1 0  on the number of grid crossing made by ovari- 
ectomized rats to gain contact with a sexually active male 
(Experiment 4). The animals had been treated with (A) ACTH 4 - 1 0  

and (B) saline in Experiment 1. 

GrM Crossings 

There  was a s ignif icant  increase in the  n u m b e r  of  
crossings made  over the  grid by the  ova r i ec tomized  rats  
fo l lowing t r e a t m e n t  wi th  ACTH 4 - 1 0 .  This effect  was on ly  
ob ta ined  when  the  ACTH 4 - 1 0  t r e a t m e n t  covered the  
per iod when  the  animals  were adap t ing  to the  appara tus .  
When a d m i n i s t r a t i o n  of  ACTH 4 - 1 0  was s ta r ted  one day 
af ter  the  an imal  was first sub jec ted  to the  grid cu r r en t  it 
had  no effect .  The ef fec t  of  ACTH 4 - 1 0  given on  Days 
1 10 still persis ted 30 days af ter  Day 1, bu t  had  decreased 
at 120 days. 

How is this  ef fec t  of ACTH 4 - 1 0  to be i n t e rp r e t ed?  
Before reason ing  let us cons ider  the  an imal ' s  test  s i tua t ion .  
The incent ive  for  the  an imal ' s  act ivi ty  in the  appa ra tu s  
p robab ly  consis ts  of several e l emen t s  such as general  
l o c o m o t i o n ,  exp lo r a t i on  and  socio-sexual  approach .  On the  
basis of earlier da ta  [ 15 ] we assume tha t  the  increase in the  
response  af te r  es t rogen t r e a t m e n t  ma in ly  has a sexual  
significance.  In the  first three  sessions (Days 1 - 3 )  the  
an imal  is having to h a b i t u a t e  to a novel  e n v i r o n m e n t .  Even 
if n o  electr ic  cu r r en t  is passed t h r o u g h  the  grid in these  
sessions, some insecur i ty  and  e m o t i o n a l  i nvo l vemen t  have 

T A B L E  5 

HESITATION TIMES IN S (MEAN - SEM) 

Day 
0 3 8 

A. EB + ACTH 4-10 40 _+ 9 18 _+ 6 31 _+ 8 
EB + saline 52 ___ 15 21 _+6 24 _+ 4 

B. EB + ACTH 4-10 46 -+ 14 16 -+ 6 20 _+ 3 
EB + saline 38 -+ 10 16 _+ 3 22 _+ 5 

For all treatments the differences between Days 0 and 3 were 
significant (p<0.05). Comparisons between the effects of EB + 
ACTH 4-10 and EB + saline revealed no significant differences. 

to be ove rcome  by  the  an imal  to  explore  and move  a round  
in the  appara tus .  Af te r  th is  init ial  per iod  on  Day 4 it is 
faced wi th  the  new s i tua t ion  of  having to endure  a s tepwise  
increasing aversive barr ier  in order  to reach  the  goal box .  
Let us t hen  cons ider  the  two main  resul ts  ob ta ined :  (1)  
t r e a t m e n t  wi th  ACTH 4 10 did no t  in f luence  the  response  
when  given on Days 5 - 1 0  ( E x p e r i m e n t  2) and (2) the 
increased response  level seen when  ACTH 4 - 1 0  was given 
on  Days 1 - 1 0  was still obv ious  on Day 30, i.e. 20 days 
af ter  the  last in jec t ion  of  the  pept ide .  The long lasting 
effect  of ACTH 4 10 excludes  the  poss ibi l i ty  tha t  the  
act ivi ty level or sensory  func t ions  were in f luenced  direct ly.  
It is more  l ikely tha t  when  the  t r e a t m e n t  was given f rom 
Day 1 the  response  level a t t a ined  af ter  the  first days in the  
appara tus  was in f luenced  by  the  exper ience  acqui red  dur ing  
the init ial  phase of the  e x p e r i m e n t  (Days 1 - 4 ) .  It is 
conce ivable  t ha t  the  pep t ide  migh t  af fec t  the  capaci ty  of  
the  an imal  to adjus t  ( h a b i t u a t e )  to  the  e n v i r o n m e n t  in such 
a way t ha t  by  the  exper ience  acqui red  dur ing  the first 
sessions the  an imal  takes a higher  response  level at the  
subsequen t  par t  of the  expe r imen t .  Since behaviora l  adjust-  
men t  to a sol i tary s i tua t ion  like the  open-f ie ld  is no t  
af fected by  ACTH f ragments  [20]  it seems tha t  the  
improved  a d j u s t m e n t  to  the  p resen t  behaviora l  s i tua t ion  
possibly caused by  the  pep t ide  involved some k ind  of social 
in te rac t ion .  The na tu re  of  this  i n t e rac t ion  is p robab ly  no t  
of sexual s ignif icance in the  absence  of  es t rogen priming.  

Est radiol  benzoa t e ,  as has been  s h o w n  earlier,  increases 
the n u m b e r  of  grid crossings and decreases the  hes i t a t ion  
t imes.  ACTH 4 - 1 0  given on Days 1 10 did no t  resul t  in an 
increase of  the  es t radiol  benzoa t e  induced  response  30 days 
later. The max ima l  response  level p e r m i t t e d  by  the  tech-  
nique is 24 crossings, wh ich  means  t ha t  some increase was 
still possible.  A direct  compar i son  of  the  e x p e r i m e n t a l  
animals  and  con t ro l s  is r endered  diff icul t ,  however ,  by  the  
fact tha t  the  response  was already s ignif icant ly  d i f fe ren t  on  
the day of  h o r m o n e  t r e a t m e n t .  If any th ing ,  the relat ive 
increase f rom Day 0 to Day 3 was slightly lower in the  
ACTH 4 - 1 0  group.  

The h o r m o n e  induced  response  is p r o b a b l y  based ma in ly  
on inna te  m e c h a n i s m s  or m e c h a n i s m s  organized early 
pos tna ta l ly .  Female  rats,  t r ea ted  wi th  t e s tos t e rone  at the 
age of 5 days do no t  show any  es t rogen induced  response  
when  tes ted  wi th  this  t e chn ique  [ 1 6 ] .  It is obvious  f rom 
E x p e r i m e n t  4 tha t  ACTH 4 - 1 0 ,  when  given toge the r  wi th  
es t radiol  b e n z o a t e  at a t ime  when  the  ef fec t  of  the  pept ide  
given on  Days 1 - 1 0  had  a lmos t  d isappeared,  did no t  
inf luence  the  es t rogen induced  increase in grid crossings. 
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From this observat ion,  toge ther  wi th  the  result  of  
Exper imen t  1, it would  seem that  ACTH 4 - 1 0  inf luenced 
an acquired response  level but  to  have no effect  on s teroid 

induced responses  (lordosis or grid crossing), which are 
probably  governed by more  innate mechanisms .  
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