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WAGNER, G C,  M F JARVIS, D S GOTTESFELD, M GIORLANDO AND J RABII The effects of prenatal 
morphine on the responsiveness to morphine and amphetarmne PHARMACOL BIOCHEM BEHAV 24(3) 757-759, 
1986 --The effects of morphine admm,stered to pregnant Sprague-Dawley rats on the schedule-controlled behavior of the 
offspnng were examined It was observed that both male and female adult rats exposed prenatally to morphine were 
tolerant to the disruptive effects of morphine on fixed-interval responding compared to age-matched controls These 
morphine-treated rats, however, were neither tolerant nor supersensmve to the d,srupUve effects of the catecholammerg~c 
agomst, amphetamine, and d~d not exhibit any alteration m their steady state levels of central monoammes These 
observations are dmcussed m relation to the effects of prenatal morphine exposure on uncondmoned behaviors 

Prenatal morphine Fixed-interval schedule Amphetamine Monoammes 

RATS treated prenatally with morphine exhibit pronounced 
physiolog~cal and behavioral deficiencies (for a recently 
compiled literature review see [12]) However, despite ex- 
tensive investigation of other aspects of this syndrome, there 
have been few, if any, studies conducted on the responsive- 
ness of adult rats which have been prenatally exposed to 
morphine to a subsequent, acute administration of morphine 
in a schedule-controlled behavioral paradigm Accordingly, 
the present study was designed to determine if adult rats 
which have been prenatally exposed to morphine exhibit 
either a tolerance or a sensitization to the effect of morphine 
on operant responding upon its readministratlon In addition, 
since the endogenous opiates have been linked to the central 
catecholamlnerglc systems [2,5], the responsiveness of these 
prenatally-treated rats to a catecholaminergic agonlst (am- 
phetamine) as well as their central monoamlne levels were 
examined 

METHOD 

SubJects 

Sprague-Dawley female rats (Charles River) were 
housed two per cage in standard pan cages and maintained 
on a 14 hr hght/10 hr dark cycle (lights on at 0500) Sexually 
experienced male rats were introduced to each cage and 
once mating had occurred, the female rats were transferred 
to individual cages The pregnant female rats were randomly 
assigned to one of two groups (1) a morphme sulfate (MS)- 

treated experimental group, or (2) a saline (S)-treated control 
group The experimental group was injected twice on day 
five post-conception (once at 0730 and once at 1630) with 5 0 
mg/kg MS (Merck & Co ) subcutaneously On day six they 
were rejected with 5 0 mg/kg MS in the morning and 10 0 
mg/kg MS in the evening On day seven and thereafter 
through day twelve, they received two daily injections of 
10 0 mg/kg MS The control group of females received two 
injections of 0 9% NaCI on days five through twelve These 
subjects were derived from an ongoing series of studies in- 
volving prenatal MS treatment Gestational and birth statis- 
tics have been presented elsewhere [8] 

The offspnng of each group were culled to eight per htter 
and then left undisturbed until weaning at 21 days of age As 
m previously reported studies [7, 8, 11], cross-fostering was 
not incorporated into the design of the present study They 
were then housed individually in suspended metal cages and 
maintained on a 12/12 hght/dark cycle with hghts on at 0700 
Punna  rat chow and water were freely available Training on 
the fixed-interval schedule was started when the rats were 
approximately 120 days old At that time the offspnng were 
divided into four groups experimental male (n=6) and 
female (n=5) rats born to MS-treated mothers and control 
male (n= 6) and female (n= 5) rats born to S-treated mothers 

Apparatus 

Experimental sessions were conducted in an operant box 
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FIG 1 Response rate as a funct.on of morphine dose for adult rats 
treated prenatally with morphine (closed c~rcles) or sahne (open 
circles) Percent baseline refers to the ratio of drug response rate to 
control response rate Rats received IP morphine 10 mm prior to the 
start of the FI session Vertical bars=SEM 
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FIG 2 Response rate as a function of amphetamine dose for adult 
rats treated prenatally with morphme (closed orcles) or saline (open 
circles) Percent basehne refers to the ratio of drug response rate to 
control response rate Rats received IP amphetamine 15 mln prior to 
the FI session Verhcal bars=SEM 

( 5 1 × 3 3 × 4 8  cm) enc lo sed  in a ven t i l a ted ,  sound  a t t enua t ing  
c h a m b e r  The  m a m p u l a n d u m  was a G e r b r a n d s  model  G6312 
lever  m o u n t e d  12 cm a b o v e  the  f loor  and  6 cm be low a G E  
1813 sess ion  l ight  A wa te r  d ipper  (which  de l ivered  0 1 ml 
tap wate r )  was  located  4 cm to the r ight  of  the  l ever  and  0 5 
cm a b o v e  the  f loor  An ima l s  had  free  access  to food and  
were  w a t e r  depr ived  23 25 hr /day  T he  e x p e n m e n t a l  sess ion  
was  30 m m  The  ra ts  were  a l lowed 15 mln acces s  to w a t e r  
beg inn ing  15 m m  af ter  the sess ion  

Pro( edut e 

Rats were first trained to lever press for water reinforce- 
ment on a continuous remforcement schedule When animals 
were rehably responding, they were shifted to a fixed- 
interval 90s (FI-90) schedule of  reinforcement When re- 
sponding on  the FI-90 schedu le  had  b e c o m e  s table ,  0 9% 
sal ine or  MS was  admin i s t e r ed  IP  20 mln  pr ior  to the  sess ion  
The  doses  of  MS were  v a n e d  In a r a n d o m  m a n n e r  unti l  a 
comple t e  d o s e - r e s p o n s e  cu rve  was  ob ta ined  T he  MS (or 
sal ine)  was  admin i s t e r ed  no  more  of ten  t han  eve ry  third day  
and  only  af ter  a s tab le  base l ine  was  ach ieved  Sess ions  were  
c o n d u c t e d  s e v e n  days /week  W h e n  the  MS d o s e - r e s p o n s e  
cu rve  was  comple t ed ,  the en t i re  p r o c e d u r e  was repea ted  
wi th  a m p h e t a m i n e  (Sigma Chemica l  Co ) T he  a m p h e t a m i n e  
was admin i s t e r ed  IP  15 m m  be fo re  the  sess ion  Fo l lowing  the  
MS and  the a m p h e t a m i n e  d o s e - r e s p o n s e  cu rve  de t e rmlna -  

t lons ,  ra ts  were  sacr i f iced and neu rochemlca l  a s says  were  
c o n d u c t e d  accord ing  to the me thod  of  W a g n e r  et al [9,10] 

RESULTS 

C o m p a n s o n s  of  b a s e h n e  r e sponse  ra tes  b e t w e e n  the ex- 
pe r imen ta l  and  con t ro l  ra ts  revea led  shght  bu t  nons igni f ican t  
dLfferences There fo re ,  all drug effects  were  eva lua ted  us ing 
analys is  of  c o v a n a n c e  of  drug r e sponse  rate wi th  b a s e h n e  
r e spond ing  serv ing  as the  c o v a n a t e  [1] In all four  g roups  
m o r p h i n e  p roduced  a d o s e - d e p e n d e n t  dec rea se  in r e sponse  
ra te  (Fig 1) The  r e s p o n s e  ra te  ED-50 of the prena ta l  
m o r p h i n e - t r e a t e d  rats  (8 86-+1 56 mg/kg) was  s ignif icant ly  
g rea te r  than  that  o f  the prenata l  s ahne - t r ea t ed  rats  
(4 79-+0 58 mg/kg) ( S t u d e n t ' s  t - tes t ,  p < 0  05) Ana lys i s  of  
c o v a n a n c e  revea ls  a s ignif icant  t r e a t m e n t  × dose  interac-  
t ion,  F(3 .26J=3 47, p < 0  05. b e t w e e n  the  e x p e n m e n t a l  and 
cont ro l  males  S u b s e q u e n t  pos t  hoc  analys is  via F l s h e r ' s  
L S D  test  ( p < 0  05) revea led  s ignif icant  d i f ferences  b e t w e e n  
the  e x p e r i m e n t a l  and  cont ro l  males  at  morph ine  4 0 and  8 0 
mg/kg T h e r e  were  no  s ignif icant  d i f fe rences  for t r e a t m e n t  or  
t r e a t m e n t  × dose  in te rac t ions  b e t w e e n  the e x p e n m e n t a l  and  
con t ro l  females  

In th ree  of  the  four  groups ,  a m p h e t a m i n e  p roduced  a 
b iphas lc  effect  on  r e sponse  ra te  with  the  lowes t  dose  increas-  
ing and  the  h igher  doses  dec reas ing  r e spond ing  (Fig 2) The  
expe r imen t a l  males ,  howeve r ,  exh ib i t ed  on ly  a dose-  
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dependent decrease m respondmg Analys~s of covanance 
revealed no slgmficant dtfferences between the experimental 
and control groups for the mare effect of treatment or treat- 
ment × dose mteractmns Two of the experimental males 
d~ed before completton of the amphetamine dose response 
determination and were therefore excluded from the analys~s 
of  the amphetamine data 

Two weeks after the last drug administration all rats were 
sacrificed and brains removed for monoamlne assay Pre- 
natal morphine treatment did not produce any (permanent) 
changes in central monoamme content m any of the regmns 
assayed compared to the sahne treated controls wtth one 
exception the experimental female rats had slgmficantly 
lower telencephahc dopamlne levels than the control females 
(data not shown) 

DISCUSSION 

Prenatal exposure to opmtes has been shown to (1) dt- 
rectly affect a variety of developmental processes such as 
growth rate [3,6] and vaginal opening [7], (2) alter uncon- 
dttloned behavtors such as sexual behavior [7] and locomo- 
tor activity [5], and (3) result m a shift m the analgesic effects 
of morphine and morphme-hke agents [6] The present study 
was designed to evaluate the effects of prenatal morphine 

treatment on responding maintained by a fixed-interval 
schedule of  water dehvery in the adult offspnng It was ob- 
served that prenatal morphine-treated rats exhibited a s~gmf- 
tcant tolerance to the disruptive effects of  morphine This 
tolerance was evident m the males but not m the female 
subjects 

The endogenous optates have been hnked to the central 
catecholamlne systems [2,4] and prenatal opmte exposure 
has been shown to reduce the uptake of labeled dopamme 
and norepmephnne [3] and cause a depletion of central 
dopamme and norepmephrlne [5] However,  tt should be 
noted that, as m the present study, Rech et al [5] found that 
the depletion of central catecholamlne steady state levels 
which they observed in young offspnng, was no longer ap- 
parent m 90 day old rats The lack of  an effect of the prenatal 
morphine treatment on the sensttlvtty to the dtsrupttve ef- 
fects of amphetamine on operant responding m these adult 
rats is consistent w~th th~s latter observahon 

In summary, prenatal exposure to morphine was found to 
produce a tolerance to the response rate-d~srupuve effects of 
acutely admlmstered morphine in the adult offspnng These 
prenatally treated rats had normal central catecholamlne 
levels and were equally sensitive to the dtsruptlve effects of 
the catecholammerg~c agonlst, amphetamine, on operant re- 
spondmg as compared to control rats 
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