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WIESNER, J B , C A DUDLEY AND R L MOSS Effect of/3-endorphm on soctosexua! prochvtty m a chowe 
paradigm PHARMACOL BIOCHEM BEHAV 24(3) 507-511. 1986--Intraventrlcularly-admlmstered /3-endorphm (/3- 
END) suppresses receptwe and proceptlve behaviors of the ovanectomlzed, estrogen-progesterone-primed rat This rat 
model was used m a four-way chmce paradigm to investigate the behavioral speclfioty and mouvatlonal aspects of sexual 
suppression by/3-END The experimental females showed a preference to assocmte with a sexually acuve 'stud' male over 
the other incentwe ammals as shown by slgmficantly more approaches to and nose pokes into the stud male compartment 
/3-END did not alter that chmce preference Rather, there was a decrease m overall social interaction after /3-END 
treatment, as shown by decreased total nose pokes Th~s overall decrease m socml motivation, which was blocked by 
subcutaneous naloxone mject~on, was not specific to the stud male It was not a result of akinesm, since total movement 
among the tuner alleys was s~gmficantly higher after/3-END treatment, an effect also reversed by naloxone These data 
suggest that mtraventricular/3-END may act to suppress socmsexual motivation as a whole rather than sexual acUv~ty 
specifically 

/3-Endorphm Oplolds Socml behavior Sexual behawor Lordosis Proceptlvlty Receptivity 

STUDIES in th~s laboratory have shown that the opiotd 
peptlde /3-endorphin (/3-END), administered mtraventricu- 
larly (ICV), consistently suppresses both receptive and 
proceptlve behaviors of steroid-primed female rats [17, 19, 
20] Since proceptwlty is suppressed by the peptide, it ap- 
pears that oplmds act to suppress a motwatlonal component 
of  female behavior in addition to suppressing the spinal re- 
flex of lordosis In considering the possible role of endoge- 
nous oplold peptldes in the control of  sexual behavior, 1t is 
vital to determine whether the exogenously-administered 
oplold peptldes are acting directly and specifically on the 
neural mechamsms which regulate sexual behavior Experi- 
ments designed to discern the behavioral specificity of the 
oplold effects have shown that the sexual effects are not 
secondary to akmesla, and are relatively independent, but 
not exclusive, of non-sexual behavioral effects of oplo~ds 
[19,20] 

In order to further address the question of specificity and 
to investigate the motivational aspects of oploid suppression 
of sexual behavior, the present study utlhzed a four-way 
choice paradigm which has been used in this laboratory to 
determine the irffluence of endocrine factors on sexual moti- 
vation [4,5] Using ovanectomlzed (OVX) estrogen- 
progesterone (EP)-pnmed rats, the 'choice box' technique 
was employed to measure sexual preference, tendency to 
seek contact with conspectfics, and general exploratory ac- 
tivity The results indicate that n-END may alter the state of 
general socml motivation rather than sexual motivation spe- 
cifically 

Th~s work has been presented previously in abstract form 
[18] 

METHOD 

SubJects 

Sprague-Dawley female rats (200-300 g, Slmonsen) were 
maintained In a temperature-controlled colony room with a 
modified 14 10-hr hght-dark cycle (fluorescent hghts on 2200 
hr, off 1200 hr) in which the dark phase was dimly illumi- 
nated by red light Food and water were available ad lib 
Under equlthesln anesthesia, all animals were OVX and 
stereotaxically implanted with permanent 23G stainless steel 
cannulae directed into the third cerebral ventricle (cannula 
placement was verified by gross dissection at termination of 
the experiment) At least one week after surgery, all ammals 
were subjected to one or two prehmmary mating tests in 
which expenmental  subjects were selected for their abthty to 
respond to EP-pnming by demonstrating high receptivity 
(lordosis behavior) levels 

Steroid Pnmmg 

The priming protocol utilized pre-mcubated, 15 mm 
Sdastlc capsules containing 17 fl-estradlol [16], implanted 
subcutaneously (SC) 50--54 hr prior to testing The animals 
received SC injection of progesterone (2 5 mg in od) 4-6 5 hr 
prior to testing Estrogen capsules were removed following 
each test session 

Apparatus 

The Plexiglas choice box (Fig 1) consisted of four inner 
boxes which formed alleys leading from a center box At the 
end of each alley was an outer box which held one of the four 

1Requests for repnnts should be addressed to James B Wlesner, Division of Prechnlcal Neurosclence and Endocnnology, Research 
Institute of Scripps Chmc, 10666 N Torrey Pines Road, La Jolla, CA 92037 
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FIG 1 The kcholce box " Four inner boxes extend at right angles 
from a center box, from which the experimental animal starts The 
inner boxes form alleys which lead to four outer boxes holding the 
incentive animals or choices, indicated by symbols The experi- 
mental animal has partial access to each outer box Partial entry into 
the outer box mterrupts a photocell beam, causing 'nose poke' time 
and frequency (primary measures of preference) to be recorded au- 
tomatically Photocells lining the alleys record frequency of en- 
trances Into each inner box (primary measure of general activity as 
well as preference) 

incen t ive  an imals  (choices)  A wire mesh  was  pos i t ioned  
wi th in  e a c h  ou te r  box  in such  a way as to re ta in  the incen t ive  
animal  and  to al low only  par t ia l  en t ry  of  an  expe r imen ta l  
a m m a l  f rom the  o the r  side The  al leys were  hned  with pho to-  
cells wh ich  a l lowed au toma ted  s c o n n g  of  the fo l lowmg 
m e a s u r e s  for  the e x p e n m e n t a l  an imal  (1) f r e q u e n c y  of  en- 
t r ances  into e a c h  inne r  box ,  (2) f r equency  of  part ial  en- 
t r ances  into each  ou te r  box  (nose  poke f r equency) ,  (3) total  
t ime in close proximi ty  to the  wire  m e s h  of  e a c h  ou te r  box  
(nose  poke  t ime) The  fol lowing L o n g - E v a n s  ra ts  were  used  
as incen t ive  an imals  (1) an  in tac t  ' s t u d '  male  wh ich  was 
k n o w n  to be  sexual ly  ac t ive ,  (2) a c a s t r a t ed  male ,  (3) a 
p roes t ru s  female,  se lec ted  by  daily vaginal  smea rmg ,  (4) an 
O V X  female  These  were  ro t a t ed  a m o n g  the ou te r  boxes  at 
each  tes t  sess ion  to con t ro l  for  poss ib le  box-spec i f ic  prefer-  
ences  The  appa ra tu s  was  c l eaned  tho rough ly  pr ior  to each  
sess ion  

In this cho ice  box  parad igm,  all th ree  va r iab les  
m e a s u r e d - - i n n e r  box  e n t r a n c e  f r equency ,  nose  poke  fre- 
quency ,  and nose  poke  t i m e - - a r e  m t e r p r e t e d  as m e a s u r e s  of  
p re fe rence  of  the e x p e n m e n t a l  female  t o w a r d  the  i n c e n t w e  
animal  held  in the r e spec t ive  ou te r  box  This  is par t icu lar ly  
t rue o f  nose  poke  t ime and f r equency ,  wh ich  ref lect  a tend- 
ency  to spend  t ime in c lose  p rox imi ty  to the  incen t ive  
an imal  In addi t ion ,  the  f r e q u e n c y  var iab les  m a y  be consid-  
e red  m e a s u r e s  of  act ivi ty ,  par t icu lar ly  the inne r  box  e n t r a n c e  
f r e q u e n c y  wh ich  ref lect  m o v e m e n t  tha t  is less a s soc ia t ed  
wi th  d i rec t  p rox imi ty  to an  incen t ive  an imal  

Drugs and Admlmstratton Pro~ edure 

H u m a n / 3 - E N D  (Pen insu la  Labora to r i e s )  was  d i sso lved  in 
physio logica l  sal ine Fo r  I C V  infus ions ,  an imals  were  p laced 

'FABLE I 

Choice 

Stud Castrated Proestrus OVX 
Treatment Male Male Female Female 

Frequencies of Inner Box Entrances 

SAL 1 7 8 - + 4 1  1 5 6 _ + 2 7  1 0 6 +  l 2 160_+_ 18 
/3-END 291 -+44  2 0 4 _ + 4 1  1 8 6 _ + 2 2  185 ± 23  
Naloxone 22 2 + 2 7 15 1 + 2 6 13 1 _+ 1 6 17 7 ~ I 7 

+/3-END 

Frequencies of Nose-Pokes 

SAL 4 1 3 _ + 5 7  3 2 7 _ + 8 3  2 0 6 + 3 9  2 5 3 _ + 4 3  
fl-END 3 5 2 _ + 6 5  1 7 9 _ + 3 7  1 3 9 _ + 2 0  166_+ 30  
Naloxone 496_+ 8 1 228_+ 4 4  209-+ 4 8  21 9-+ 43  

+fl-END 

Newman Keuls compansons showed that scores were higher for 
the stud male choice than for each of the other choices (p<0 001) 
Frequencies of inner box entrances were significantly greater follow- 
mg /3-END treatment than after treatment with saline or with 
naloxone+fl-END (p<0 05) Conversely, nose poke frequencies 
were slgmficantly lower following fl-END treatment (p<0 051 

u n d e r  b n e f  ( approx imate ly  2 5 mln) e the r  anes thes i a  A 30G 
inner  cannula ,  c o n n e c t e d  with a Hami l ton  syringe by poly- 
e thy l ene  tubing,  was  inser ted  into the  p e r m a n e n t  ou te r  can- 
nula ,  infus ions  (l /zl) were  pe r fo rmed  ove r  one minute ,  and  
the m n e r  c annu l a  was  left in place for  an addi t ional  minu te  
N a l o x o n e  hydroch lo r lde ,  a gift of  Endo  L a b o r a t o n e s ,  was 
d i s so lved  in saline and  re jected SC at the  t ime of  ICV mfu- 
S l O r l  

Erpertmental Pto~ edure 

The  expe r imen ta l  an imals  were  tes ted  at weekly  in tervals  
u n d e r  EP-p r tmed  cond i t ions  The  an imals  were  hab i tua ted  to 
the a p p a r a t u s  for two weekly  per iods ,  t e s tmg was pe r fo rmed  
o v e r  the  fo l lowmg th ree  weeks  Each  animal  rece ived  one  of  
the fol lowing t r e a t m e n t s  at  e ach  test  sess ion  in counte rba l -  
anced  form saline S C + s a l l n e  ICV,  sahne  S C + / 3 - E N D  
(1 tzg) ICV,  na loxone  (2 mg/kg) S C + / 3 - E N D  (1 /J.g) ICV 
Thi r ty  m m u t e s  af te r  t r e a t m e n t ,  the an imal  was  p laced  m the 
c e n t e r  box  for  two minu te s  a f te r  which  gates  were raIsed 
a l lowing access  to each  area  of  the  appa ra tus  for  a period of  
15 minu te s  Tes t ing  was done  m the da rk  phase  of  the light- 
da rk  cycle,  wi th  the appa ra tu s  lit by dim red light 

Statistical Analyst,~ 

Data  were  ana lysed  using a two-way analys is  of  var iance  
for  r epea t ed  measu re s  (drug t r e a t m e n t  x choice)  Fac tors  
found  to be  s ignif icant  were  tes ted  with N e w m a n - K e u l s  
c o m p a n s o n s  

all 

RESU LTS 

Analys i s  of  va r i ance  yie lded signif icant  cho ice  effects  for 
t h r ee  va r i ab le s  sco red  inne r  box  e n t r a n c e s ,  
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TABLE 2 

E F F E C T  O F  O-END PERCENT CHANGE FROM SALINE SCORES 

Percent Change 
Dlrectton of 

Change After Stud Castrated Proestrus OVX 
Measure 0-END Treatment Male Male Female Female 

Inner Box increase 63% 31% 75% 16~ 
Entrances 

Nose Poke decrease 15% 45% 33% 34% 
Frequency 

Nose Poke decrease 9% 47% 42% 25% 
Time 

Effect of O-END on inner box entrances, nose poke frequencies, and nose poke times for 
each choice, expressed as percent change from sahne control scores 
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FIG 2 Nose poke tames ofOVX, EP-prlmed experimental rats after 
treatment with saline (SAL), O-END, or 0-END m comblnauon wtth 
naloxone Nose poke times for the stud male were sigmficantly 
greater than for each of the other choices, regardless of treatment 
(p<0 001 by Newman Keuls comparisons) 
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FIG 3 Effect of sahne (SAL), /J-END, and naloxone+fl-END on 
total inner box entrances, total nose poke frequency, and total nose 
poke time *p<0 05 as compared with both sahne and naloxone/fl- 
END treatment 

F(3,39)= 11 81, p < 0  0001, nose poke frequencies, 
F(3,39)= 18 66, p < 0  0001, and nose poke times, 
F(3,39)=13 49, p<00001 In addition, treatment effects 
were significant for frequencies of tuner box entrances, 
F(2,26)=7 79, p < 0  005, and nose poke frequenoes,  
F(2,26)=4 39, p < 0  025 There was no slgnficlant treatment 
× choice interaction The d~stnbuuon of nose poke umes is 
depicted in Fig 2, and frequenc]es of tuner box entrances 
-and nose pokes are summarized tn Table 1 As demonstrated 
by Newman Keuls comparisons, the experimental females 
exhibited a clear preference for the stud male over the other 
choices overall inner box frequenctes, nose poke frequen- 
oes ,  and nose poke times were significantly greater for the 
stud male than for each of the other incentive animals 
(p<0 001) 

As seen m F~g 3, the total number of tuner box entrances 
was slgmficantly higher after # -END treatment than after 
saline treatment (p<0 005), and thts effect o f /3 -END was 
reversed by concurrent admmmtraUon of naloxone 
(p<0 025) Conversely, nose poke frequencies were slgmfi- 
cantly lower af ter /3-END treatment than after sahne treat- 
ment (p<0 05), and this effect was also reversed by naloxone 

(p <0 05) Nose poke times appeared to be altered in parallel 
with nose poke frequenctes, although this difference was not 
staUstlcally significant 

The effects of O-END treatment, expressed as percent 
change from saline scores, are shown in Table 2 /3-END 
increased inner box entrances and decreased nose poke time 
and frequency for each of  the choices There was no slgmfi- 
cant alteration of choice preference by /3-END treatment 
according to any of the measurements 

DISCUSSION 

A major finding of the present study was that ICV treat- 
ment with O-END, in a dose which consistently suppresses 
both receptive and proceptlve sexual behaviors m female 
rats [19,20], did not alter the prochvlty of  female rats to 
associate with a sexually active stud male Rather , /3-END 
treatment decreased the tendency of the animals to seek con- 
tact with conspeclfiCS m general This decrease in prochvlty 
toward social mteractton was not secondary to oploid- 
reduced akmesm, since total movement among the inner 
boxes was increased, rather than decreased, after /3-END 
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t r e a t m e n t  The  effects  of  B - E N D  were  apparen t ly  media ted  
via oplold recep tors ,  s ince the effects  were  r eve r sed  by con-  
cu r r en t  t r e a t m e n t  wi th  na loxone  

The  OVX,  EP-p r lmed  females  of  this e x p e r i m e n t  showed  
a c lear  t endency  to seek  con tac t  wi th  the  sexual ly ac t ive  
male  ove r  the o the r  cho ices ,  as shown by the s ignif icant ly 
g rea te r  a m o u n t  of  t ime spent  in p rox imi ty  to the  stud male  
(nose  poke  t ime) and the g rea te r  f r equenc ies  o f  en t ry  into 
boxes  leadmg to the stud male  The  cas t r a t ed  male  was the 
s econd  cho ice  by  all measu res ,  but  it was  not  s ignif icantly 
p re fe r r ed  o v e r  e i the r  female  This  p re fe rence  of  the  stud 
male  is cons i s t en t  wi th  resul t s  of  p rev ious  s tudies  using this  
expe r imen t a l  parad igm [4,5] In the  la t ter  s tudy,  pr iming  
wi th  e s t rogen  or  es t rogen  plus p r oges t e r one  increased  the 
p re fe rence  of  an  ova r l e c t om l zed  female  for  a sexual ly  act ive 
male ,  as s h o w n  by an  m c r e a s e d  nose  poke t ime spent  specif- 
ically wi th  the s tud male O t h e r  inves t iga tors  us ing different  
e x p e r i m e n t a l  pa rad igms  have  repor ted  s imilar  resul ts  with  
s t e ro id -p r imed  rats  and  with ra ts  in a s tate  of  p roes t rus  [6, 8, 
9, 12] Such  a physiological  s ta te  wh ich  br ings the  an imals  to 
seek sexual  con tac t  with  a n o t h e r  an imal  has  been  def ined by 
M e y e r s o n  and L l n d s t r o m  [12] as sexual  m o t w a t l o n  In the 
p r e sen t  s tudy  the s tate  of  sexual  mot iva t ion  of  the experi-  
men ta l  f emales  was not  specif ical ly d imin i shed  by the oplold 
pept lde ,  as ev idenced  by the fact  tha t  B - E N D  did not  d i s rupt  
the  p re fe rence  for the  stud male  This  f inding was  surpr is ing  
in light of  the p ro found  effects  o f  B - E N D  on bo th  recep t ive  
and  p rocep t lve  b e h a v i o r  In te res t ing ly ,  a s tudy using male  
ra ts  [ l l ]  showed  that  B-END,  while  dec reas ing  male  
copu la to ry  behav ior ,  inc reased  amicab le  con tac t s  of  a male  
wi th  a female  (nuzzl ing,  c rawl ing  under ,  and grooming  the  
female)  but  dec reased  con tac t s  with  a n o t h e r  male Thus ,  
p re fe rence  for  the oppos i te  sex was apparen t ly  not  di- 
min i shed  by the optold 

E d w a r d s  and  Pfetfle [6] d i f fe ren t ia ted  b e t w e e n  sexual  
mo t iva t i on  and  social mo t iva t ion ,  showing  that  s tero id  prim- 
ing did not  a l ter  the total  a m o u n t  of  t ime spent  with con-  
specif ics  (p ropens i ty  for  social in te rac t ion)  but  inc reased  the 
rat io o f  tha t  t ime spen t  with  a sexual ly  ac t ive  male  o v e r  a 
cas t r a t ed  male  In the p re sen t  s tudy,  B - E N D  appea red  to 
a l te r  the s ta te  of  social mo t iva t i on  As  indica ted  by the de- 
c r eased  total  nose  pokes  for all cho ices ,  the expe r imen ta l  
an imals  s h o w e d  less in te res t  in seeking  con t ac t  wi th  con-  
s p e o f i c s  This  d e c r e a s e d  social con tac t - seek ing  was not  

specif ic  to a dec reased  in teres t  in the s tud male,  s ince the 
level of  nose  pokes  d i rec ted  toward  the stud male wa~ les~ 
effected than  that  d i rec ted  toward  the o the r  choices  t~ee 
Table  2) Ra ther ,  the females  showed  a dec reased  interes t  in 
all of  the choices  This  oplold effect  on social behavlo l  ~ 
cons i s t en t  wi th  p rev ious  l epor t s  of  dec reased  social behav-  
ior in rats  and  m o n k e y s  by m e t h a d o n e  [3,14] and increased  
aff lhat lve behav io r  in m o n k e y s  by na loxone  [7] The oplold- 
Induced  suppress ion  of  social b e h a v i o r  is ex t r eme ly  interest-  
lng in hght  of  f indmgs of  H e r m a n  and P a n k s e p p  [10] and 
P a n k s e p p  et  al I13] These  s tudies  found that  opiate  admin-  
i s t ra t ion  reduced  dis t ress  and social a t t a c h m e n t  in infant  
guinea  pigs and puppies  which  were isolated f rom the i r  
m o t h e r s  The au thors  p roposed  that  opiate  drugs  ma} re- 
p lace  an  e n d o g e n o u s  ' e n d o r p h l n  reward normal ly  ob ta ined  
f rom soc tahza t lon  

The  dec rea sed  f r equency  and t ime of  nose  pokes  canno t  
be a c c o u n t e d  for  by an oplo ld- lnduced  aklnes~a, since total  
m o v e m e n t  be tween  the  inner  boxes  was inc reased  ra ther  
than  dec rea sed  The  increase  may reflect  a genera l  hyperac-  
t ivity which  is k n o w n  to follow a phase  of  hypoact lv l ty  in- 
duced  by oplold admin i s t r a t ion  [1.15] This  hyperac t iv i ty  
was not  seen m five minu te  open-f ie ld  tes ts  pe r fo rmed  30 
minu te s  af ter  B - E N D  infusion [19,20] The  f if teen minute  
cho ice  box  tes t  may  have  included the  phase  t rans i t ion to 
mild hyperac t iv i ty ,  a l te rna t ive ly ,  the increase  m activi ty may 
be e n v i r o n m e n t - d e p e n d e n t  

It is not  c lear  why  sexual  mo t iva t ion  as measu red  here  
was not  suppres sed  by B-END.  since the oplold exer t s  
p ro found  effects  on p rocep t lve  as well as recep t ive  behav io r  
As a s imilar  p h e n o m e n o n  was seen  in males  [1 1], it appears  
poss ib le  tha t  the sexual  effects  of  B - E N D  may  be very  spe- 
cific to cer ta in  c o m p o n e n t s  of  copu la to ry  b e h a v i o r  How- 
ever ,  the  p re sen t  resul ts  suggest  tha t  B - E N D  may suppress  
SOClOSexua] in te rac t ion  in genera l  r a the r  than sexual  act ivi ty 
specif ical ly Al though  it is unhke ly  that  dec reased  socml in- 
t e r ac t ion  can  comple te ly  accoun t  for the sexual  suppress ion ,  
it is c lear  tha t  the sexual  effects  of  the ln t ravent r lcu la r ly-  
admin i s t e r ed  oplold c a n n o t  be cons ide red  behaviora l ly  spe- 
cific It s eems  reasonab le  to hypo thes ize  that  the sexual  and  
social  ef fects  of  B-END.  as well as oploid suppress ion  of  
ce r ta in  behav io r s  such as rear ing [2, 11, 19, 20], ma~, all 
resul t  f rom a more  genera l ized  oplold a l te ra t ion  of tb r  
example ,  affect  or  pe rcep t ion  
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