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GRIMM. C. "l. AND R. S. BRIDGES. Opi~+t+" rc.,..,uh~ti,,l: qlmat<'r,:~tl h<'havi+,r in the rat. PHARMACOI. BIOCIqEM 
BEHAV 19<41 609-616. 1983.~1 he effects of the opiate agonist morphine, the opiate antagonist naloxone and the weak 
opiate nonanalgesic dextrorphan on the cxpresqon of maternal behavior were investigated in a series o[" three experiments. 
In the first experiment treatment of rats with morphine 15 mg/kg, subcutaneousl} I after ovariectomy and hysterectomy on 
day 17 of gestation resulted m a disruption in the onset and qualit3 of maternal responsiveness in the homecage and in ,i 
l -maze  test. The durution ot" morphine's acute disruptive ~lction was 2-4 hours. In the second experiment concurrent 
treatment of morphine-injected Flits with naloxone prevented the disruptive effects of morphine in both the homecage and 
l -muzc tests. The effects of morphine did not z~ppcar to result from u severe alteration in activity, levels as measured in an 
open-field test, although morphine did increase activiD slightly h~ the fifth d~l~, O1" treatment. In the third experiment 
t r e a t m e n t  o f  raln after ovariectom~ plus hysterectom.~ on day 17 o( gestation with dextrorphan failed to disrupt matermd 
behavior. The,,e results indic~lte than morphine disrupts matern,d behavior through tin opiate receptor mechanism, and 
suggest,, to us that endogenous opiates may mediate the expression of m~ternal heh~r,'ior under certain ph}',iological 
conditions. 

Dcxtrorphan Maternul behdvior Morphine Nuloxone Opioids 

T H E  physiological  even t s  assoc ia ted  with p r egnancy  pr ime 
the female to r e spond  materna l ly  to her  young  at the  t ime of  
del ivery .  One  impor tan t  set of  biological  e v e n t s  that  a ccoun t  
for the rapid onse t  of  ma te rna l  b e h a v i o r  at b i r th  is the hor- 
monal  c h a n g e s  of  p regnancy  and par tur i t ion .  In rats,  as well 
as mice,  rabbi t s  and  sheep,  es t radiol  (EO and p roges t e rone  
{P), two s teroid  h o r m o n e s  found in large a m o u n t s  in b lood 
dur ing  p regnancy ,  can  s t imula te  m o t h e r - y o u n g  in te rac t ions  
14, 15, 16, 19, 2 1 . 2 9 ,  36, 37]. 

One  m e c h a n i s m  th rough  which  these  s teroid  h o r m o n e s  
affect ma te rna l  b e h a v i o r  may involve  a l t e ra t ions  in endoge-  
nous  opioid act ivi ty .  Hypo tha l amic  /3-endorphin  con ten t  is 
e leva ted  dur ing  p regnancy  in rats  132] at a t ime when  se rum 
E~ and  P c o n c e n t r a t i o n s  are high 112, 30, 34]. F u r t h e r m o r e ,  
/3-endorphin con ten t  in the C N S  of  female  rats  is inf luenced 
by the levels  of  c i rcula t ing  s teroids  132]. in addi t ion  to these  
b iochemica l  s tud ies ,  behav io ra l  e x p e r i m e n t s  have  s h o w n  
that  pain t h r e sho lds ,  which  are op ia t e -med ia t ed ,  change  dur- 
ing p regnancy  and  lac ta t ion  in rats 111]. Specif ical ly,  sen- 
sit ivily to pain dec rea se s  as p regnancy  a d v a n c e s  and then  
inc reases  dur ing  lacta t ion.  

These  f indings led us to inves t iga te  the possibi l i ty that  the 
onse t  of  ma te rna l  b e h a v i o r  in the rat  might  resul t  in part  f rom 
a dec rease  in C N S  opia te  act ivi ty a round  the t ime of  partur i-  
t ion. To test  this  hypo thes i s  we a t t e m p t e d  to ma in ta in  high 
levels  of  opia tes  by admin i s t e r ing  m o r p h i n e  to p regnancy-  
t e rmina t ed  rats.  We found that  m o r p h i n e  admin i s t r a t ion  de- 
layed the onse t  of  ma te rna l  b e h a v i o r  af ter  p regnancy-  

t e rmina t ion ,  and  that  c o n c u r r e n t  t r e a tmen t  of  rats  wi th  mor- 
phine  plus the opia te  an tagon is t ,  na loxone  hydroch lo r ide ,  
p r e v e n t e d  this d i s rup t ion  from occur r ing  [3]. 

In the  present  s tudy we have a t t e m p t e d  to cha rac t e r i ze  
the  behav iora l  and b iochemica l  effects  of  m o r p h i n e ' s  dis- 
rup t ive  ac t ion on mate rna l  behav io r .  In a ser ies  of  th ree  
e x p e r i m e n t s ,  we have  examined  the affects  of  morph ine  in- 
j ec t ions  on the dura t ion  and intensi ty  of  d i s rup t ion  of  mater -  
nal behav ior ,  the effects  of  morph ine  and na loxone  treat-  
men t s  on mate rna l  b e h a v i o r  and act ivi ty ,  and  the ac t ions  of  
d e x t r o r p h a n ,  an inac t ive  s t e r eo i somer  of  the  morphine- l ike  
l evorphano l ,  on ma te rna l  b e h a v i o r  in rats.  

GENERAL METHOD 

Animal~ 

Adult virgin female Sprague-Dawley rats (Charles River 
Breeding [,aboratories, Wilmington, MA) were housed in a 
light (on 0500-1900 hr) and temperature (22-23 ° C) controlled 
room upon their arrival in our laboratory. Food (Purina Rat 
Chow) and water were available ad lib throughout the study. 

Approximately 2-4 weeks after their arrival in our labora- 
tory, experimental females (225-250 g) were bred to males. 
The day after mating was observed or the day sperm was 
detected in the vaginal lavage was designated day 1 of  preg- 
nancy. At this time pregnant females were housed individu- 
ally in opaque polypropylene cages (45×25×20 cm). In addi- 
tion to the experimental females, a large group of  lactating 

~Some of the data presented in Experiment 2 were included in an earlier published report 13]. 
~Requests for reprints should be addressed to l)r. Robert S. Bridges, Harv~trd Medical School, l..~tborator~, of Human Reproduction and 

Reproductive Biology, 45 Shanuck Street. Boston, MA ()2115. 

609 



610 GRIMM AND BRIDGES 

donor rats was maintained throughout the study to provide a 
source of  rat test young. 

Sur,~'eO" and h!iection,~ 

On day 17 of pregnancy females were ovariectomized and 
hysterectomized under ether anesthesia as previously de- 
scribed 12]. Treatments were initiated immediately after 
surgery when animals were injected subcutaneously with 
morphine, morphine plus naloxone, or dextrorphan, each 
dissolved in 0.99; NaCI. or with 0.5 ml saline alone. Mor- 
phine (morphine sulfate, courtesy of Eli Lilly Co.) and dex- 
t rorphan (dext rorphan  tar t ra te ,  cour tesy  of  Hoffman-  
LaRoche, inc.) were administered at a dose of  5 mg/kg. 
Naloxone (naloxone hydrochloride, courtesy of Endo Labs) 
was given at a dose of 0.5 mg/kg. Animals received a second 
injection 20--23 hr after surgery, and behavioral testing began 
one hour later. On subsequent days, unless otherwise 
specified, rats received a single injection after the pre-test, 
one hour betbre the test session. All solutions were prepared 
daily prior to injections. 

Behavioral Testing 

Maternal hehavior. Rats were tested for maternal behav- 
ior in the homecage as previously described [ 1 ]. On the first 
test day, about 21-24 hours after surgery, three foster rat 
pups, 3-8 days of age, were placed in each test animal's 
homecage. Rats were then observed continuously for 15 
minutes and checked at 30, 45 and 60 minutes to determine 
latencies in minutes to carry a pup. retrieve pups to the nest, 
group the pups together and crouch over  any of the young in 
a position characteristic of nursing mothers. The pups re- 
mained with the test animals overnight. "Fhe next day about I 
hour prior to testing the positions of  the females and pups 
were again recorded. This 23 hour checkpoint was termed 
the "'pre-test. '" The test subjects" pups were then returned to 
lactating donors and the test subjects were injected with the 
designated solutions. An hour later homecage testing was 
conducted with freshly fed pups. This procedure was re- 
peated until the test animal responded fully, that is retrieved, 
grouped, and crouched over  all three pups on two consecu- 
tive test days, or for 11 to 14 days, as designated in each 
experiment. 

In addition to measuring the rate of  onset of maternal 
behavior in the homecage, in Experiments I and 2 the inten- 
sity of maternal responsiveness was measured using a 
T-maze apparatus 15,31]. The test apparatus and procedure 
has previously been described in detail [7]. Briefly, the day 
after each animal reached a level of full maternal responsive- 
ness in the homecage, it was tested for responsiveness to 
young in a T-maze. Animals were tested once daily for 4 
consecutive days. One hour before testing on each test day, 
foster pups were removed from the test cage and the test 
animal was injected with the appropriate solution. At the 
start of T-maze testing a wire cage lid devoid of food and 
water bottle was attached atop the test animal's cage. The 
test began when the cage door (adapted test cages, see 17]) 
was opened and a T-maze with one 3-5 day old pup at the 
end of  each maze arm was inserted into the homecagc open- 
ing. The frequencies and latencies It) enter the maze, contact 
the pups and retrieve the test young to the homecage were 
recorded during 10 minute test sessions on each of the 4 test 
days. After a test session, three recently led |bster young 
were placed in the subject's homecage in order to maintain 
homeeage maternal responsiveness between T-maze tests. 

Open-field activity. In Experiment 2 activity was meas- 
ured in morphine-treated and control animals in an open- 
field apparatus. Twenty-three hours after surgical termina- 
tion of pregnancy and drug treatment, females were rein- 
jccted with the designated solution. Testing commenced one 
hour later using an open field test similar to that described by 
Hall 114]. Testing consisted of placing animals on a desig- 
nated spot in a square wooden enclosure that measured 
3×3' ,  within which a grid of 6" squares had been demar- 
cated, and recording the number of times rats reared and 
crossed the grid lines into different squares with all four feet 
during the next 5 minutes. Each rat was injected with the 
designated solution 1 hr prior to open field testing on each of 
four consecutive days. 

Stati.~tical ,4nalv.w,~ 

Statistical analyses were preformed on two measures of 
homecage responsiveness. First. we compared the latencies, 
in days, to full homecage responses. For this analysis, the 
first day of  behavioral testing was counted as day 0. If a 
female responded on the first and second days of testing, her 
latency was thus scored as zero days. Second, we compared 
the latencies, in minutes, to retrieve one pup and to retrieve, 
group and crouch over all three pups within the homecage 
test session on the first and second days of full maternal 
responsiveness ("response days").  Rats which did not fulfill 
the criterion for full homecage behavior were not included in 
response day comparisons. 

The behavioral responses of the test animals in the 
T-maze apparatus were compared on each of the four test 
days. Comparisons of  the incidences of retrieval responses, 
pup contact and maze entrance were made among and be- 
tween experimental groups. 

In the open-field test the number of rears and grids 
crossed were compared between experimental groups over 
the four test days. 

Data were analyzed using an analysis of variance (A()V). 
Mann-Whitney U-test, Fisher Exact Probability Test and 
Chi Square Test. 

EXPERIMENT I: Mf)RPI'IINI'I ADMINISTRA' I ION AND MATERNAl.  
B I ' t | A V I O R :  BEHAVIORAL t ' F F E ( ' T S  AND I)tJRATI()N OF A("I 'If)N 

This experiment was designed to characterize the effects 
of morphine administration on maternal behavior in rats, and 
to determine the duration of morphine's action. In prelimi- 
nary studies it was found that morphine-injected animals 
often failed to respond behaviorally within the first two 
hours after treatment, but appeared behaviorally responsive 
24 hr later at the pretest rating. In the present stud}', there- 
fore. wc decided to monitor the behavioral responses of the 
treated females at more frequent intervals after morphine 
injection and to increase the frequency of morphine injcc- 
lions. 

,"~Ic/hod 

A total of  twenty rats had their pregnancies terminated on 
day 17 of gestation. At this time 10 females were assigned to 
a morphine group (M I) and the remaining 10 animals as- 
signed to a saline control group (SI). All  females ~,ere in- 
jected ~,~,ith the designated solutions at the time of  surgery 
and then twice daily thereafter, once at the pretest period 
(10:30 hr) and again about 12 hours after the pretest injec- 
tion. 
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Behavioral testing for maternal responsiveness began the 
day after surgery and was performed as previously de- 
scribed. However.  in addition to scoring the position of the 
pups during the pretest session and the active responses of 
the rats during the I hour behavioral test, the positions of the 
pups and test animals were noted at two other times: 4 hours 
after the morning injection (3 hours after introduction of the 
test pups) and again 12 hours after the morning treatment, 
immediately prior to the second injection. After this later 
injection the test young were placed throughout the home- 
cage in a manner similar to that used during the I hour morn- 
ing test session. 

Animals were tested in the homecage for maternal behav- 
ior until they responded fully during the test session hour on 
two consecutive days. The following 4 days these maternal 
rats were tested for maternal responsiveness in a T-maze 
apparatus (see the General Method section). During the four 
days of T-maze testing test animals were injected twice daily 
at the same intervals and with the same dose of morphine or 
saline used during homecage testing. 

Rats which failed to respond maternally in the homecage 
after 14 test days were assigned a homecage latency of 14 
days and were not tested in the T-maze apparatus. 

R+'.wdl.~ 

Morphine treated rats had significantly longer latencies to 
show full maternal behavior in the I hour homecage test 
session than did controls. The latency of the M1 group was 
8.2+_ 1.6 days, while that of the saline controls was 2.0_+0.6 
days, F(I,18)=12.64, p<0.001, Fig. I). At the 3 hour 
checkpoint, 4 hours after morphine treatment, there were no 
differences in the responses of the groups as judged by pup 
and test animal positions. The mean latencies to have all test 
young in the nest with the females at the 3 hour checkpoint 
,,,,'ere 3.2 days for the morphine-treated rats and 1.8 days for 
controls (see Fig. 1). Similarly. no differences were found 
between the responses of the groups at the 11 or 23 hour 
checkpoints. Thus, it appears that the duration of the mor- 
phine disruption of maternal behaviors is greater than 2 hours, 
but less than 4 hours. 

Although the disruption of maternal behavior in the 
homecage test resulting from the morphine injection did not 
appear to be long lasting, it was quite profound. When the 
morphine treated rats (N=7) responded maternally during 
the homecage test session, they were found to retrieve more 
slowly than did the saline treated controls. The difference in 
retr ieval latency within the test session was significant on the 
first response day. but not on the second response day (Ta- 
ble 1 ). 

The T-maze testing revealed further differences in the 
qual i ty of  maternal behavior exhibi ted by the two groups. All 
but one of ten maternal saline-treated rats retr ieved at least 
one pup at least once during the four test days, whi le only 1 
of  7 morphine-treated rats ever retr ieved over the four test 
days. The differences in the incidences of retr ieval between 
the morphine and saline treated animals reached statistical 
significance on T-maze lest days 3 q~<0.021 and 4 (p<0.05). 
when more saline-treated rats retr ieved test young during the 
I0 minute test session (see Fig. 2). 

I-IXPI.IRIMEN I" 2: E F F E C T S  ( )F  THI'-  ()PlA'I't '~ ANTAC~t )NIST  
N A L t ) X ( ) N E  H Y D R O C H L O R I D I ~  A N D  M O R P H I N E  O N  M A T E R N A l .  

B E H A V I O R  A N D  A C T I V I T Y  

In Experiment I morphine treatment was tbund to dis- 
rupt the onset and quality of maternal behavior in rats after 
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FIG. 1. Effects of morphine treatment on maternal behavior after 
surgical termination of pregnancy in rats. Females were injected SC 
with morphine sulfate 15 mg,"kg) or s,dine twice daily, 1 hour before 
the onset of behavioral testing and again after the I I hour 
checkpoint. An animal was assigned a positive resl:xmse score dur- 
ing 1 hr text ,~ession, if she retrieved all 3 text young, grouped them in 
the nest and crouched over them. A positive score was given to a 
female at the 3, I 1 or 23 hr checkpoints, if the test animal was found 
crouching over the 3 text young in the nest at the specified time. The 
laten¢:,, to response during the 1 hour test session was significantly 
longer in the morphine-treated than the saline-treated rats (p--0,001 ). 
]'he means plus SEM represent the resl:n~nse latencies in days of the 
10 morphine- and 10 saline-injected rats. 

pregnancy termination. The second exper iment examines 
whether the disrupt ive effects of  morphine treatment on 
maternal behavior can be reversed by treatment with the 
receptor antagonist, naloxone hydrochlor ide,  and whether 
morphine treatment at the given dose affects other behav- 
ioral responses, i.e,, act iv i ty in an open field test paradigm. 

,.'i lcthod 

Thirty-seven pr imigravid rats had their pregnancies surgi- 
cally terminated on day 17 of gestation. At this t ime females 
were assigned to two separate studies. In the first study, 8 
rats were treated with morphine (group M2), 9 females were 
administered morphine plus naloxone hydrochlor ide (group 
MN2). and 8 animals w, ere injected wi th saline (group $2). 
Al l  rats ',,,,'ere injected immediately after surgery and once a 
day thereafier, at 1000 hr, one hour pr ior to behavioral test- 
ing. Test procedures for maternal behavior were identical to 
those employed in Exper iment 1 except that homecage test- 
ing was extended only through day I1. Non-responding rats 
were, therefore, assigned homecage latencies of  I I days. 

In the second study two groups of 6 females each were 
injected wi th morphine (group M2') or saline (ST). The in- 
ject ion doses and schedules were as described in the General 
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T A B I , E  1 

I .ATENCIES IN MINUTES IMean - SEM) FOR MORPHINE ~M). MORPHINE PI.US NAI.OXONE (MNL AND SAI.INE 
IS) TREATED RATS TO Rf..'TRIEVI.~, GROUP AND CROUCH OVER THE TEST YOUNG IN THt- Nt 'ST AREA f)N RESPONSE 

DAYS I ANt) 2 IN I-XPERIMENI'S I AND 2 

Experiment 1 Experiment 2 

Treatments, lre~tn]enls 

M S M MN 

Day I of Full Matcrmd (7) I lO) 16) 19) ¢8) 
Responsiveness 

Retrieval of First 22.4 ± 10.5 '~ 2.3 , 1.4 27.7 • 5.4? I.t) ~_ 0.4:i 1.4 , 0.7 
Pup 

Retrieval. Grouping 49.3 "_ 4.3+ 8.9 _" 3.7 41.3 , 6.7: 3.9 ,- 1.2:i: 12.6 • 5.8 
and Crouching 
over Young 

Day 2 of Full Maternal 
Responsiveness 

Retrieval of First 13.3 -z-_ 8.8 0.4 _+ I).l 2.0 - 0.5* 0.3 ,_ ().1~ 0.3 , 0.1 
Pup 

Retrieval. Grouping 19.6 '- 8.1:' 2.4 ~ 1).8 30.3 - I 1.4i 1.2 - I).3:i: 5.2 -- 3.6 
and Crouching 
over Young 

In Experiment 2 significant overall differences among the three treatments were present on re~,ponse d~,, I !both 
p-: 0.05) and on response day 2 ~p.::O.05 and - 0.01) for overall latencie~, to retrieve the fir~,t pup and to retrieve, group 
and crouch over )oung. respectively. 

:~p-: 0.05 when compared with saline controls. 
~p,- I).01 when compared with saline controls. 
-p-:0.Ol when compared with morphine-treated rats. 
~p.- 0.05 when compared with morphine-treated rats. 

M e t h o d  sec t ion .  Behav io ra l  tes t ing  began an hou r  af ter  the 
daily in ject ion and m e a s u r e d  act ivi ty  using an o p e n - r e i d  tes t  
a p p a r a t u s  [14,33]. Tes t ing  was c o n d u c t e d  daily for 4 days  
b e t w e e n  1100 and 1500 hr  s tar t ing I day af te r  surgery.  

Results 

Signif icant  overal l  d i f fe rences  were  found a m o n g  the 
g roups  in the first s tudy in E x p e r i m e n t  2 for la tcneies  to 
exhibi t  comple t e  h o m e c a g e  r e s p o n s i v e n e s s .  F(2 ,22)= 12.04, 
p<O.O01, with the  M2 la tency  s ignif icant ly  longer  than  both  
the  MN2 la tency ,  F~I,15)= 12.52, p < 0 . 0 0 1 ,  and the $2 la- 
t ency ,  t-:(I,14)= I 1.99. p < 0 . 0 0 1 .  Again,  the  m o r p h i n e  t rea ted  
rats  s h o w e d  defici ts  in ma te rna l  behav ior .  These  defici ts  
were  total ly r eve r sed  by na loxone ,  for no d i f fe rences  were  
found be tween  the  MN2 and  $2 groups  in any  aspec t  of  
ma te rna l  b e h a v i o r  s tudied.  

In the  h o m e c a g e  tes t  the la tency to show full mate rna l  
b e h a v i o r  was 5 .0_  + 1.3 days  for M2 rats .  0.6_+0.2 days  for 
MN2  an imals ,  and 0.4_+0.2 days  for $2 females .  All eight 
m o r p h i n e  t rea ted  rats  re t r i eved ,  g rouped  and  c rouched  o v e r  
the  pups  on at least  one  test  day,  a l though  only  six of  these  
ra ts  did so for two c o n s e c u t i v e  days.  On r e sponse  days .  
g roup  M2 rats  r e t r i eved  pups  s ignif icant ly  s lower  than did 
g roup  MN2 or $2 animals .  T h e s e  la t ter  two groups  did not 
differ  f rom one a n o t h e r  (Table  I). The re  were  no d i f fe rences  
a m o n g  the g roups  in la tenc ies  to r e spond  at the  pre- tes t  ses- 
sion. 

In the T -maze  test  the morph ine  t rea ted  rats  failed to 
re t r ieve  pups .  while the m o r p h i n e  plus na loxone  group  re- 

t r ieved  as readily as did sa l ine- in jected con t ro l s  (see Table  
2). Only  1 of  6 M2 rats  re t r ieved  a pup from the T-maze ,  and 
this  only occur red  on the four th  day o f  T -maze  test ing.  In 
con t r a s t ,  all 8 $2 rats  and  8 of  9 MN2 rats  re t r ieved  a pup at 
least  once  ove r  the 4 test  days.  There  were  no d i f fe rences  in 
the n u m b e r  of  $2 and MN2 animals  re t r ieving pups  on any of  
test ing.  Each  day.  howeve r ,  s ignif icantly fewer  M2 rats re- 
t r ieved (p<0 .05-0 .005 .  F i sher  Exact  Probabi l i ty)  pups  than 
did $2 controls .  As in Expe r imen t  I. the failure of  the  mor- 
phine  injected rats  to re t r ieve  pups  was not assoc ia ted  with 
fai lure to en te r  the maze  and con tac t  the young.  One  str iking 
d i f fe rence  no ted  a m o n g  g roups  v, as that  the morph ine  
t rea ted  females  repea ted ly  en te red  the maze .  sniffed the 
young,  but then re tu rned  to the homecage  wi thout  the 
young.  MN2 and $2 rats  usually re t r ieved  the pups  from the 
a rms  of  the T -maze  upon  the initial con tac t  with the young. 

M e a s u r e m e n t  of  ac t iv i ty  in an open  field test  in the sec- 
ond  s tudy of  Expe r imen t  2 revealed  that  morph ine  injected 
an imal s  en te red  more  squares  than did saline injected rats  
o v e r  the four test  days  (p<0. t )5 .  see Fab le  3). This  d i f ference 
was s ta t is t ical ly  significant  on the fourth  test day (p<0.05L 
The re  were  no d i f fe rences  in the n u m b e r  of  rears  be tween  
the two groups  in the open  field appa ra tu s  (see Table  3). 

EXPERIMEN 1 3: E F F E C t  OF DEXTRORPHAN ON THE RATE (71. 
ONSEI" OF MATERNAL BI:.HAVIOUR IN PREGNANCY 

I 'ERMINATED RA'IS 

] ' h e  ob jec t ive  of  this expe r imen t  was to de t e rmine  if ad- 
min is t ra t ion  of  d e x t r o r p h a n ,  a c o m p o u n d  which has low af- 
finity for the opia te  r ecep to r  [17.25]. would affect the ex- 
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FIG. 2. M,tternal responsiveness in the "l-maze test after morphine 
treatment. Maternal saline-injected controls and morphine-treated 
rats were tested once daily for 4 da~,s after exhibiting maternal be- 
havior in the home cage. Significantly more control rats entered the 
"l-maze on test da',. I than did morphine-treated females. Fewer 
morphine-injected animals retrieved pups from the T-maze on lest 
da~s 3 and 4. *p. 0.05 versus controls, Fisher Exact Probability- 
:p. 0.025 ver,,us control,,, Fisher Exact Probability. 

press ion  of  maternal  behavior .  Disruption of  maternal  behav-  
ioral by dex t ro rphan  would indicate that m o r p h i n e ' s  disrup- 
tive action on the behavior  was not solely regulated by a 
r ecep to r  mechan i sm,  but ra ther  would suggest  that mor- 
ph ine ' s  action was a general  nonspecif ic  effect .  

,~lcthod 

Twenty  females  whose  pregnancies  had been surgically 
te rminated  on day 17 of  gestat ion were  ass igned to I of  2 
t rea tments .  Rats were  ei ther  injected subcu taneous ly  with 
dex t ro rphan  tar trate  (lot Ro 1-6794) at a dose  of  5 mg/kg or 
0.5 ml saline immedia te ly  after surgery.  The following day 
be twcen  1000 and I I(R) hr rats were reinjectcd with the 
des ignated solutions.  One hour  htter tes t ing for maternal  be- 
havior  in the homecage  was initiated. Daily injections and 
testing cont inued for 11 days  or until a female showed  full 
r e spons iveness  during the I hour test on 2 consecu t ive  test 
days.  

Rc.stdt.s 

The effects  o f  dex t ro rphan  adminis t ra t ion on maternal  
behavior  are shown in Fig. 3. Dext rorphan  t rea tment ,  unlike 
morphine  adminis t ra t ion,  did not disrupt  the rate of  onset  of  
maternal  behavior  in the homccage  test.  The mean latency to 

TABI ,E  2 

BFHAVIt)RAI. RESPONSIVENESS I PERCF.N rAGE RtSPON DING) OF 
MORPHINE IM2), MORPHINF, PI.US NALOXONE IMN21, AND 

SAI.IN|- (S2)TRI-ATEI) RATS IN THE "I-MAZE "IES'I 

l -Maze Test Day 

Group I 2 3 4 

M2 (6) 
Contact Young 50'; 67 67 67 
Retrieve Pup 0"~ t)*~ ()*~ 16":, 

MN2 (9) 
Contact Young 67 89 89 I(R) 
Retrieve Pup 56 89 78 78 

$2 (8) 
Cc, ntact Young 100 I00 l(X) I00 
Retrieve Pup l(X) 10t) 100 100 

All rat,, ~,howcd complete maternal responsiveness toward,, foster 
otlng in the home cage for 2 consecutive days prior to the initiation 

of daily T-maze testing. 
*p- 0.(X)5 when compared with $2 females (all texts, Fisher Exact 

Probabilit', ). 
:p. 0.05 when compared with MN2 females. 
~p. 0A)05 when compared with MN2 females. 
~p- 0.01 when compared with MN2 females. 

5 ~ Dextrorphan (n = 10) 
['-"-1 Saline (n= 10) 

Pups Grouped Retrievol Retrievol ond 
in Nest of 1 Pup Groupingof 3 Pups 

PRETEST l TEST 1 

FIG. 3. Maternal behavior in the rats after pregnancy termination 
and dextrorphan treatment (5 mg,kg, SC). Females were injected 
after surgery and after the pretest rating each day, I hour prior to 
daily behavioral testing. "I here were no statistical differences found 
between the two groups on any of the behavioral meast.lre~;. Values 
are expressed as mean days to response plus SF.M. 
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T A B L E  3 

t-REQUENCIIS {MEAN ._ SEMI "tHAT MORPHINE {M} AND SAI.INE IS} INJEC'IEI) PRI-tiNANCY-'IL-'RMINA'tt.2I} RA'[S 
I'NqEREI) SQUARES AND REARED DURING A 5 MINUTE OPEN FIF, LI) ACTIVII'Y TI:.SI ()N FOUR ('{)N,gI.X'U'IIVE [)A~S IN 

FXPERIMI'NT 2 

le~,t Day 
to ta l  

Group Response I 2 3 4 I-4 

M Squares 103 .. 27.3 116.2 -_ 20.7 117.7 -_ 19.3 125.3 ' 24.W 472.5 t 46.W 
entered 

Rears Ig.0 : 4.5 14.8 _+ 2.5 18.8 t 4.0 17.g + 3.5 69.5 - 6.8 

S Squares 66.8 . 17.9 86.7 "_ 24.4 70.2 • 22.5 44.3 . 21.3 268.0 • 60.3 
entered 

Rears 12.2 ± 3.6 15.5 • 4.7 13.0 : 4.7 It).8 - 5.6 51.5 ' 16.n 

*p. 0.05 when compared with saline-injected controls. 

re t r ieve  one  pup was 3.5 days  for d e x t r o r p h a n - t r e a t e d  rats  
and 2.5 days  for sal ine cont ro l s .  Similar ly,  the la tencies  to 
re t r ieve  and  group  the th ree  test  young  dur ing  the one  hour  
test  sess ion  were  3.6 and 2.5 days  for the d e x t r o r p h a n  and 
sal ine groups ,  respec t ive ly .  The  pre tes t  r e sponse  la tenc ies  
were  ident ical  for the two  groups  ( m e a n = 2 . 6  days) .  

GENI'IRAI. DIS(.'USSION 

The data for the present set of experiments indicate that 
moderate doses o f  morphine can interfere with the expres- 
sion of maternal behavior in the rat. This morphine effect 
persists for between 2 and 4 hour and appears to act through 
an opiate receptor mechanism. These findings suggest to us 
that under physiological conditions endogenous opiates may 
be involved in the regulation of  maternal behavior. 

Morph ine  t r ea tmen t  a f te r  surgical  t e rmina t ion  of  preg- 
nancy  in ra ts  has  previous ly  been  s h o w n  to d is rupt  the onse t  
of  ma te rna l  b e h a v i o r  in the rat [3]. The  resul ts  of  the present  
s tudy  indica te  that  the effect  of  morph ine  is not abso lu te ,  
h o w e v e r ,  but  wanes  bo th  be t w een  in ject ions  and with re- 
pea ted  in ject ions .  Each  inject ion inhibi ts  the expres s ion  of  
ma te rna l  b e h a v i o r  for less than four  hours  ( E xpe r i m en t  I ). as 
e v i d e n c e d  by the  fact that  morph ine - in j ec t ed  animals ,  like 
sa l ine- in jec ted  rats .  were  found in the i r  nes ts  c rouch ing  ove r  
the young  at bo th  3 and II hour  checkpo i n t s  by about  the 
s econd  test  day.  This  t ime course  of  m o r p h i n e ' s  ac t ion is 
cons i s t en t  with pub l i shed  repor t s  of  the  dura t ion  of  o the r  
behav io ra l  effects  of  morph ine .  A dose  of  3.2 mg/kg mor- 
ph ine  sulfate was wi thout  effect  on  act ivi ty  4 hours  af ter  SC 
admin i s t r a t i on  of  the drug I I0]. 

It is not surpr i s ing  that  most  of  the morphine-in. iected rats  
even tua l ly  r e sponded  to pups  dur ing  the h o m e e a g e  test  ses- 
sion. C o n t i n u o u s  exposu re  to young is a s t rong s t imulus  for 
p romot ing  the  induct ion  of  ma te rna l  b e h a v i o r  in rills. In- 
expe r i enced  females  as well as males  will r e spond  materna l ly  
to young,  if exposed  to them for a per iod of  5-7  days  [8,26]. 
It is poss ib le  that  the con t inued  exposu re  to young o v e r c a m e  
the  d i s rup t ive  effects  of  morph ine  a l t e r  4 or  5 days.  It s eems  
less likely tha t  the an imals  hab i tua ted  to the drug,  s ince the  
qual i ty  of  mate rna l  r e s p o n s i v e n e s s  in the T -maze  test was 
p o o r e r  for morph ine - in j ec t ed  rats.  F u r t h e r m o r e ,  the ra ts  in- 
j ec ted  twice  daily with morph ine  in Expe r imen t  I r e sponded ,  
if any th ing ,  more  s lowly than the once  injected rats  in Exper-  

iment 2. Were the response due to habituation, the more 
frequently injected rats would have habituated, and so re- 
sponded, more quickly than the singly injected animals. 

The behavioral specificity of morphine's action on the 
disruption of  maternal behavior is not completely known. 
W h e n  we measu red  act ivi ty  levels  of morph ine - t r e a t ed  rills 
in an open field activity test, wc failed to detect major im- 
pairmcnts or alterations in activity I hour after drug adminis- 
tration. In Experiment 2 wc found a slight increase in activity 
in the open field after morphine injection on the fourth tc~,t 
day. However, this effect of  morphine on activity wa~, tem- 
porall2~, d issocia ted  from its effect on mate rna l  behav ior :  the 
act ivi ty  effect  was  most  p r o n o u n c e d  on the fourth  day of  
repea ted  in ject ion and t e s t i n g ,  while the ma te rna l  behav io r  
effect began to wane by this time. The  d is rupt ion  of  materna l  
b e h a v i o r  by morph ine ,  there fore ,  canno t  be expla ined  solely 
on the basis  of a seve re  d is rupt ion  in moto r  act ivi ty.  Rather ,  
it seems  likely that  morph ine  t r ea tmen t  in some m a n n e r  al- 
ters the an ima l ' s  percep t ion  of  the young.  

A n o t h e r  app roach  emp loyed  to help e luc ida te  the speci- 
ficity of  m o r p h i n e ' s  ac t ion is to a t t empt  to localize its site of  
ac t ion  in the  cent ra l  ne rvous  sys tem,  and the reby  assoc ia te  
or  exc lude  cer ta in  neural  s t ruc tu res  with the behav iors .  We 
have  recent ly  localized one  site of  m o r p h i n e ' s  d is rupt ive  ef- 
fect on mate rna l  b e h a v i o r  in the ( ' N S  [27]. Specif ical ly,  
bi lateral  p l acement  of  morph ine  sulfate into the medial  
preopt ic  area of  mate rna l  rats  d i s rup ted  ongoing materal  be- 
havior .  This  a rea  of the bra in  has  been  s h o w n  to he involved 
in the expres s ion  of  ma te rna l  b e h a v i o r  in rats [23.24]. Place- 
ment  of  morph ine  into the ven t romed ia l  nuc leus  (VMN~ of 
the h y p o t h a l a m u s ,  in con t ras t ,  failed to disrupt  mate rna l  be- 
havior ,  a l though  open field act ivi ty scores  in VMN rats given 
morph ine  were actual ly  suppres sed  [27]. 

i )a ta  from Expe r imen t s  2 and 3 show that  the d is rupt ive  
effects  of  morph ine  a p p e a r  to be media ted  by an opiate  re- 
cep to r  m e c h a n i s m .  In Exper imen t  2 t r ea tmen t  of  rats  with 
bo th  morph ine  and opiate  an tagonis t  na loxone  reversed  the 
d i s rup t ive  effects  of  morph ine  in bo th  the homecage  and 
T-maze  tests .  Since na loxone  c o m p e t e s  s t rongly  with mor- 
phine  l\~r the opiate  recep tor ,  these  f indings argue in favor  of  
the hypo thes i s  that  a s ignif icant  opiate  occupa t ion  of  these  
r ecep to r s  in te r feres  with  the onset  and m a i n t e n a n c e  of ma- 
ternal  behav ior .  In Exper imen t  3 t r ea tmen t  of  p r e g n a n t } -  
t e rmina ted  rats with  the weak  opia te  dex t ro rphan ,  a s tereo- 
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isomer of  the more  active opiate agonist levorphanol ,  failed 
to disrupt maternal  behavior .  r h e s c  rcsuhs  lend support  to 
the proposal  that m o r p h i n e ' s  action is r ecep tor  mediated.  

A second  in terpreta t ion of  these  data is that morphine  
might not act through a recep to r -media ted  mechanism.  It is 
possible the na loxone masked a non-specif ic  effect of  mor- 
phine by st imulating maternal  behavior  throttgh an unrelated 
non-opia te  mechan i sm.  It is knov,,n that naloxone itself can 
effect behavioral  p rocesses ,  presumably  through an action 
not associa lcd  with the opiate sys tem 128]. This explanat ion 
of  the data ,  h o w e v e r ,  s eems  unlikely since the dose  of  
na loxone  needed  for these  non-op ia t e  e f fec ts  is usually, 
higher than the dose  used in the present  study. The failure of  
dex t ro rphan  It) duplicate  the action of  morphine  also makes 
this interpreta t ion of  the rest, Its unlikely. Dextrorphan lacks 
the s tereospcci f ic i ty  for the opiate receptor ,  and st) will not 
mimic a recep tor -media ted  opiate effect .  However ,  it should 
be noted that v, hile dex t ro rphan  did not have the same action 
its morphine  on maternal  behavior ,  this finding does  not 
necessarily, p rove  that morph ine  is act ing via a specif ic  
opiate receptor .  In cuhurcd  spinal cord neurons ,  adnfinistra- 
lion of  morphine  and of  levorphanol  appears  I(i act in a non- 
specific manner  on membrane  polarizat ion,  effects  nol l\]tmd 
after t rea tment  with dcx t ro rphan  113]. Thus.  while nei ther  
antagonism of  the morphine  effect with naloxonc nor the lack 
of  an effect  with dex t ro rphan  is sufricient ev idence  to prove 
that the opiate act ions  of  m o r p h i n e  are receptor  mediated.  
these two findings together  slrongly indicale Ihat 1he nlor- 
phine disrupt ion o f  maternal  beh:lvior ix a specific opiate 
effect .  

While the mechan ism of  morph ine ' s  act ion on maternal  
behavior  is only partially unders tood ,  it s eems  feasible that 
morphine  might bc disrupting maternal  behavior  through 
morph ine ' s  effect on thcrmorcgula t ion  [6.35]. In rats mor- 
phine t rcalment  at lhe dose  of  5 mg/kg used in the present  

s tudy induces hyper the rmia  [91. Recent ly ,  it has been shown 
that lactating rats tend to leave their  nests  and the young 
when the female ' s  body tempera ture  b eco mes  elevated [181. 
This finding has led l .con and his col leagues to prolx)se that 
shifts in lhc mo t h e r ' s  body tempera ture  may regulate the 
express ion  of  maternal  care 1181. Fur thermore ,  anatomical  
s tudies indicate that similar regions of  the brain in the rat 
(i .e.,  MP()A-an te r io r  hylx~thalamus) may affecl both ma- 
ternal behavior  1231 and temperature  regulation 120,221. These 
findings when taken together  make the proposal  that mor- 
ph ine ' s  action on maternal  behavior  is media ted  by thcrmo-  
regulatory p rocesses  an at t ract ive hypothes is .  Wc arc pres- 
ently investigating this possibili ty.  

| : inally. wc do not know whe the r  endogenous  opioids,  i.e. 
,&cndorphin .  or mct-cnkcphal in ,  have behavioral  act ions 
similar to those  ft)und for the drug morphine  sulfate. In addi- 
tion, the effects  o f  opiate antagonis ts  on maternal  behavior  
have yet to be invest igated.  Studies are present ly  being con- 
dueled that invcsl igate  possible physiological  roles of  
opioids in the normal regulation of  maternal  behavior .  
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