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HILL, S. Y. AND B. J. POWELL. Cocaine and morphine selj:administration: effects of differential rearing. PHARMAC. 
BIOCHEM. BEHAV. 5(6) 701-704,  1976. - Two groups of Wistar rats were reared in either enriched or impoverished 
conditions for 100 days postweaning. These two groups were further divided and tested for cocaine or morphine 
preference in a two-bottle choice (water alternative) for 16 days. Enriched and impoverished rearing has previously been 
found to alter emotionality, conditionability, and-body weight of adult rats. Validating previous reports of differential 
rearing effects on body weight, the enriched animals in the present study weighed less than their litter mates reared in 
impoverished conditions. Animals reared in the enriched environment consumed significantly more cocaine than animals 
reared in an impoverished one. No significant differences were observed for morphine self-selection as a result of 
differential rearing. 

Cocaine Morphine Differential rearing 

A V A R I E T Y  of  early exper iences  have been  s h o w n  to 
affect  the  phys io logy  and  behav io r  of  adu l t  animals .  The  
abil i ty of  adu l t  an imals  to pe r f o r m  learning tasks and  the  
degree of  e m o t i o n a l i t y  d isplayed in a d u l t h o o d  appear  to  be  
re la ted b o t h  to genet ic  [5 ,15]  and  exper ien t ia l  factors  [1, 
3, 6 ] .  Reduced  e m o t i o n a l i t y  is typica l ly  def ined opera-  
t ional ly  in t e rms  of  fewer  de feca t ions  and  more  ambula -  
t ions  in the  open  field. 

The early exper ience  received by rats  dur ing  the  pre- 
weaning  per iod has been  s h o w n  to be an i m p o r t a n t  
d e t e r m i n a n t  of  e m o t i o n a l i t y  in the  adu l t  rat.  Increased 
s t imula t ion  dur ing  the  first week of  life p roduces  extensive  
effects  in adul t  animals .  These inc lude  increased  act iv i ty ,  
decreased de feca t ion  rate  in the  open  field, and  reduced  
plasma co r t i cos t e rone  levels [ 1, 3, 61 indica t ive  of r educed  
emot iona l i t y .  Similarly,  charac ter is t ics  of  the  pos t -weaning  
e n v i r o n m e n t ,  such as increased s t imu la t ion ,  have been  
shown to a f fec t  the  phys io logy ,  emo t iona l i t y ,  and learn ing  
abil i ty o f  adu l t  rats [2, 3, 7, 10, 16, 17 ] .  Physiological  
a l te ra t ions  inc lude  r educed  rat ios  of  cort ical  to sub-cor t ica l  
chol ines terase  act ivi ty  and  s ignif icant ly  lower  body  weights  
in animals  reared in enr iched  e n v i r o n m e n t s  [ 1 0 ] .  Facili ta- 

t ion of  learning in adul t  rats has been  repor ted  to occur  as a 
result  of  exposure  to  enr iched  rear ing [2, 7, 16] .  

A l t e ra t ions  in adul t  rats  are typical ly  b r o u g h t  a b o u t  by  
varying e n v i r o n m e n t a l  complex i ty  a n d / o r  social grouping of  
animals.  E n v i r o n m e n t s  having a high degree o f  s t imula t ion ,  
e i ther  in the form of  greater  visual s t imul i  or mul t ip le  
housing cond i t ions ,  are usually referred to as enr iched  or 
free env i ronmen t s .  Those employ ing  a lesser degree of  
visual s t imula t ion  or isolated hous ing  are t e r m e d  im- 
pover ished or res t r ic ted.  

The effects  of  pos t -weaning  rear ing cond i t ions  has 
received l i t t le  a t t e n t i o n  wi th  respect  to drug-seeking be- 
havior  in l abo ra to ry  animals.  One repor t  [9] is available 
conce rn ing  a lcohol  c o n s u m p t i o n  in rats  reared in e i ther  
en r i ched  or impover i shed  env i ronmen t s .  In t ha t  s tudy,  
animals  were hand led  on  each day pr ior  to  weaning and 
reared in an enr iched  e n v i r o n m e n t  fol lowing weaning.  No 
signif icant  d i f ferences  in a lcohol  c o n s u m p t i o n  were found  
as a resul t  of  these  exper iences .  

The  p resen t  s tudy  was designed to d e t e r m i n e  if d i f feren-  
tial rearing cond i t ions  migh t  al ter  self-select ion of  cocaine 
or m o r p h i n e  in adul t  animals .  Changes in free-choice 
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drinking might  be expec ted  to occur  as a resul t  of a l tered 
emot iona l i t y  a n d / o r  learning abi l i ty  as a resul t  o f  dif feren-  
tial rearing. 

M E T H O D  

Animals 

Twenty - fou r  male Wistar rats, bred  in our  l abora to ry ,  
were used. At  20 days of age the  animals  were weaned and 
assigned to one of  two living condi t ions .  F i f teen  animals  
were assigned to the  enr iched e n v i r o n m e n t  and nine to the 
impover ished  one. Since the  impover i shed  e n v i r o n m e n t  is 
most  like s tandard  l abora to ry  condi t ions ,  it was o f  mos t  
in teres t  to  de t e rmine  the  effects  of  enr iched  rearing,  and 
thus more  animals  were assigned to the  enr iched  group. 

The impover i shed  groups  were indiv idual ly  housed  in 
s tandard  l abora to ry  cages (17.8 x 24.1 x 17.8 c m ) , l o c a t e d  
in a room where quiet  cond i t ions  could be main ta ined .  The  
enr iched groups were housed  in a single large chambe r  
(121.0 x 121.9 × 60.9 cm),  covered wi th  a removable  
screen. The chamber  f loor  was covered wi th  sand and 
con ta ined  two act ivi ty wheels,  plastic toys,  and small  
wooden  p la t fo rms  con ta in ing  enclosures.  This m e t h o d  of  
producing  increased s t imu la t ion  was mode led  af ter  tha t  of  
Krech [ 1 0 ] .  The animals  had  ad lib access to food and 
water f rom two water  bot t les  f ixed to each wall of  the  
chamber ,  while food was sca t te red  on the  cham be r  floor.  

When the  animals  had reached  100 days of  age, all were 
individual ly  housed  in s tandard  l abora to ry  cages equipped  
with two Kimax graduated  dr inking  tubes.  During the next  
5 days, they  were adap ted  to a 7-hr /day dr inking  schedule.  
A single bo t t l e  of water  was used for this purpose.  
Fol lowing the  acc l imat ion  per iod and when  7-hr intakes 
had stabil ized,  the (E) animals  were divided in to  two 
groups. One group (N = 9) was offered a choice be tween  
morph ine  sulfate (0.5 mg/ml )  and water,  the o ther  group 
iN = 6) was offered a choice between cocaine  hydro -  
chlor ide (0.1 mg /ml )  and water.  Similarly,  the  (I) animals  
were divided in to  two groups.  One group (N = 4) was 
offered a choice be t w een  m o r p h i n e  and water,  while the  
o ther  group (N = 5) was offered a choice be tween  cocaine 
and water.  

The two-bo t t l e  choice was available 7 hours  a day from 
9 a.m. until 4 p.m. each day for 16 days. This was the only  
t ime tha t  fluid was available. The two bot t les  were ro ta ted  
daily to avoid fo rma t ion  of pos i t ion  preferences.  Animals  
were handled  three  t imes dur ing the dr ink ing  period,  on the  
first, e ighth,  and s ix t een th  days in order  t ha t  body  weights  
could be recorded.  

R E S U L T S  

In order  to validate the eff icacy of  the  di f ferent ia l  
rearing p rocedure ,  body  weight  data  ob ta ined  before  
initiation of drug t r e a t m e n t  were analyzed for the  two 
groups.  In agreement  with previous repor t s  [101,  the  
enr iched animals  weighed less (mean of 298 g) than  the  
impover i shed  animals  (mean  of 379 g), a s tat is t ical ly 
significant  di f ference (t = 4.56,  a(( = 22, p < 0 , 0 0 1  ). 

A two-way analysis of  variance with repeated  measures  
was pe r fo rmed  on the mg/kg in take  of the  two m o r p h i n e  
groups,  (E) and (1) and the  two cocaine groups,  (E) and (I). 
The effects of increased exposure  to the drugs was 
evaluated by grouping the s ix t ten  choice  days in to  four  
four-day periods.  This variable will be referred to sub- 
sequent ly  as " t i m e . "  

The analysis of variance of the drug c o n s u m p t i o n  
measures showed  a significant drug ef fec t  (F = 181.2, dr= 
1, p < 0 . 0 0 0 1 )  and a s ignif icant  e n v i r o n m e n t  by drug 
in te rac t ion  (F = 25.0, df  = 1, p < 0 . 0 0 0 2 ) .  The significant  
in t e rac t ion  was found  because of the  s ignif icant ly  greater 
intake of cocaine by the enr iched group. 

The effects  of repeated  exposure  to the  drug ( t ime)  did 
not  show signif icant  effects.  As may be seen in Fig. 1, 
c o n s u m p t i o n  varied s o m e w h a t  across t ime but  no t  in a 
l inear way. In te rac t ions  of t ime  wi th  e n v i r o n m e n t  or t ime 
with drug were also nons ign i f ican t  as was the  three-way 
in te rac t ion  of t ime x drug × env i ronmen t .  
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FIG. 1. The effect of differential rearing on flee-choice drinking of 
cocaine and morphine. Intake is expressed in mg/kg of drug during 
lbur time periods. Each time period (I-IV) represents the mean of 
four 7-hr drinking trials. Vertical bars represent the standard error 

of the mean. 

A compar i son  of the fluid in takes  for  the two groups 
was made  to insure t ha t  the  greater mg/kg in take  of cocaine 
by the enr iched  group was not  due to the  smaller  body  
weight of  this group (Table 1). While the  enr iched  animals  
weighed 22% less than  thei r  impover i shed  l i t ter  mates ,  thei r  
a sympto t i c  in take  of  cocaine solut ions  ( tr ial  b lock IV) was 
approx ima te ly  42% greater  (12 ml vs 17 ml). 

D I S C U S S I O N  

Sel f -adminis t ra t ion  of  m o r p h i n e  in animals  has been 
amply  d e m o n s t r a t e d  using b o t h  in t r avenous  delivery con- 
t ingent  upon  bar-pressing [ 18] and  oral c o n s u m p t i o n  [ 11, 
12, 13, 19] .  Cocaine se l f -adminis t ra t ion  has also been 
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T A B L E  l 

TOTAL FLUID CONSUMPTION (ml) OF MORPHINE AND COCAINE GROUPS. PROPORTION OF DRUG 
INTAKE TO TOTAL FLUID INTAKE IN PARENTHESES 

Trials (4-Day Blocks) 

I II III IV 

Morphine E 20.1 (1.9) 22.3 (5.3) 23.0 (1.5) 24.3 (1.9) 
I 20.2 (2.6) 25.1 (1.0) 24.2 (1.3) 23.7 (1.1) 

Cocaine E 19.0 (60.8) 20.9 (45.9) 25.4 (47.6) 22.1 (53.6) 
I 20.4 (79.5) 21.5 (57.5) 22.1 (53.6) 23.0 (71.6) 

shown  to occur  b o t h  in ra ts  and  in m o n k e y s  [4,8]  using the  
in t r avenous  m e t h o d .  

Ma in tenance  of  drug-seeking behav io r  in animals  may be 
p resumed  to be a f fec ted  by the  c o n d i t i o n i n g  p rocedure  
employed .  Oral m e t h o d s  of delivery general ly have met  
with  greater  diff icul t ies  in es tabl ishing sus ta ined  drug- 
seeking. This may  be due to the  longer  l a tency  of  the  
reward when  drugs are c o n s u m e d  ra the r  t h a n  delivered 
in t r avenous ly .  The present  s tudy  was u n d e r t a k e n  to deter-  
mine if  e n v i r o n m e n t a l  fac tors  leading to reduced  emo t ion -  
ali ty and  super ior  cond i t i onab i l i t y  would  similar ly af fec t  
the rap id i ty  wi th  which  oral drug-seeking behav io r  is 
acquired.  

The  highly  s ignif icant  i n t e rac t ion  of  e n v i r o n m e n t  and  
drTag c o n d i t i o n  in the  p resen t  s t udy  indica tes  t h a t  d i f feren-  
tial rear ing apprec iab ly  affects  the  f ree-choice  c o n s u m p t i o n  
of  cocaine  solut ions .  The  ef fec t  of  e n v i r o n m e n t a l  rear ing on  
m o r p h i n e  c o n s u m p t i o n  remains  to  be d e t e r m i n e d  due to 
the  small  q u a n t i t y  of  drug c o n s u m e d  dur ing  the  16 choice  
trials. Extens ive  t ra in ing  trials are o f t en  needed ,  however ,  
to es tabl ish  op ia te -d i rec ted  behav io r  in l a b o r a t o r y  rats  by  
the oral rou te  [ 1 2,13 ] .  

The no tab le  f ind ing  in this  s tudy  is t ha t  enr iched  rear ing 
increases f ree-choice  cocaine  c o n s u m p t i o n .  This f inding is 
open to a var iety of  in t e rp re t a t ions .  Enr iched  e n v i r o n m e n t s  
have been  shown  to reduce  e m o t i o n a l i t y  an faci l i ta te  

cond i t i oned  learning.  Reduced  emo t iona l i t y  may have 
c o n t r i b u t e d  to the  ini t ial  accep tance  of  the  novel  taste  of  
cocaine solu t ions .  Fu r the r ,  e n h a n c e d  cond i t i onab i l i t y  may  
have served to sustain drug dr inking  behav ior  once  it had  
c o m m e n c e d .  Each of  these fac tors  a lone or in c o m b i n a t i o n  
may have c o n t r i b u t e d  to the  greater  c o n s u m p t i o n  of 
cocaine observed in enr iched  animals.  

A l t h o u g h  the  present  results  are pre l iminary ,  it may be 
conc luded  tha t  rats  reared in an enr iched  e n v i r o n m e n t  
consume  s ignif icant ly  more  cocaine than  those  reared in 
res t r ic ted ones.  Tha t  pharmacolog ica l  effects  may  have 
c o n t r i b u t e d  to the increased c o n s u m p t i o n  observed,  is 
s t rongly  suggested by  the  q u a n t i t y  of  cocaine  consumed ,  an 
a s y m p t o t i c  level of  6.45 mg/kg. In a n o t h e r  s tudy  (Hill et 
al., in press),  this dose was admin i s t e red  to rats immed ia t e ly  
preceding  7-hr sleep recordings,  wi th  s ignif icant  changes 
resul t ing in to ta l  sleep t ime.  A l though  the  cocaine was 
consumed  over a 7-hr per iod  in the  present  s tudy ,  whereas  a 
single 6.0 mg/kg  dose was admin i s t e red  in the  sleep s tudy,  
sleep recordings  were m o n i t o r e d  for 7-hr and a l te ra t ions  
no t ed  over the en t i re  recording.  It is qui te  p robable ,  
the re fore ,  t ha t  cocaine  in the  dose range freely selected by  
these animals  had  pharmacolog ica l  effects  for several hours.  
Tha t  the  effects  of  low doses of coca ine  persist  for several 
hours  has also recen t ly  been  d e m o n s t r a t e d  in h u m a n s  [ 14] 
where 8-hr sleep recordings  were ob ta ined .  
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