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LINSEMAN, M. A. Effects of lesions of the caudate nucleus on morphine dependence in the rat. PHARMAC. 
BIOCHEM. BEHAV. 5(4) 465'-472, 1 9 7 6 . -  Naloxone-precipitated withdrawal and oral self-administration of 
morphine were compared in morphine-dependent caudate-lesioned and sham animals, and drug-naive caudate-lesioned 
and sham animals. The lesion failed to suppress any signs of withdrawal in the dependent-lesioned animals as compared 
with the shams. However, the dependent-lesioned animals self-administered less morphine than their sham controls. The 
withdrawal results differed from others previously reported and it was hypothesized that the possibility of development 
of processes compensatory to the lesion among animals of this experiment, might account for the difference. The 
results were also discussed in relation to possible dissociation of mechanisms governing physical dependence and 
self-administration. 
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THERE are now several converging lines of  evidence to 
suggest that  the str iatum may be an impor tan t  site of act ion 
of morphine  in the brain. The highest p ropor t ion  of opiate  
receptor  binding is repor ted ly  to be found in the str iatum 
in rat [17 ,20] .  Acute  behavioral  effects  of  morphine  have 
been repor ted  to be media ted  via the str iatum [1 ,2] .  
Neurochemical ly ,  acute adminis t ra t ion of  morph ine  and 
adminis t ra t ion of  na loxone  to morph ine-dependen t  animals 
have been found to alter neuro t ransmi t te r  levels in the 
str iatum [14, 15, 24] .  Addi t ional ly ,  there is evidence that  
the behavioral ly reinforcing effects of morphine  may  be 
mediated via this area of  the brain [8 ,22] .  There were, 
however,  no neuroana tomica l  studies of  the role of  the 
caudate nucleus in regard to chronic  behavioral  effects of 
morphine ,  unti l  Glick el al [11] recent ly  repor ted  that  
lesions of  the caudate  nucleus suppressed morph ine  with- 
drawal and morph ine  self-administrat ion,  two indices of  
morphine  dependence ,  in the rat. The present  exper iment  
was also designed to assess the effect  of caudate lesions on 
morphine  dependence ,  though slightly different  me thods  
were chosen.  The results have implicat ions for the gen- 
erality of the Glick et al. findings, which will be enlarged 
upon in the subsequent  discussion. 

METHOD 

Animals 

Sixty-four  male Sprague-Dawley rats weighing approx-  
imately 4 0 0 - 4 5 0  g at the t ime of  surgery were used in the 
exper iment .  These were r andomly  divided into 4 groups: 
Group 1, initially comprising 20 animals, received extensive 
bilateral caudate lesions and were made progressively 
dependent  on morphine ,  eventual ly receiving a daily injec- 
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tion of 200 mg/kg ( lesioned-morphine,  LM Group);  Group 
2, also initially 20 animals, also underwent  surgery for 
bilateral caudate lesions, but  received only saline injections 
(lesioned-saline, LS Group);  Group 3, 12 animals, received 
sham surgery and were made dependent  upon morphine  
( in tac t -morphine ,  IM Group);  Group 4, 12 animals, were 
sham-operated and received saline inject ions (intact-saline, 
IS Group).  

Surgical Procedures 

Animals were initially anesthet ized with a dose of 50 
mg/kg pentobarbi tal .  Lesions were made via 0.010 in. dia. 
plat inum-ir idium electrodes insulated except  for 0.5 mm at 
the tip. The cranium was removed bilaterally to allow 
penetra t ion of the brain by the lesioning electrode at 
several loci within the caudate nucleus. The coordinates  of 
these loci, calculated perpendicular  to bregma from the 
skull surface, were: A +1.5, L 2.2, H 5.5 and 6.5 mm;  A 
+1.5, L 3.5, H 6.0; A +0.5, L 2.2, H 6.0; and A +0.5, L 3.5, 
H 5.5. A lesion was made at each point  by passage of a 
direct current  of 2 ma for 20 sec. The lesions were 
monopolar  wi th  the second electrode at tached to the 
animal 's  ear. More extensive damage was made in a small 
number  of animals in each group by including similar 
bilateral lesions at A - 1 . 0 ,  L 3.9, H 5.5 as well. Sham 
animals were similarly t reated except  for insertion of the 
electrode.  

Postoperat ively,  lesioned animals typical ly did not  eat or 
drink, and required extensive care. This consisted initially 
of intragastric in tubat ion  of nutr i t ional  liquids (Metrecal,  
Enfalac) fo l lowed by feeding of wet mash, unti l  eating of 
pellets and drinking resumed. This required f rom 3 24 
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days. A to ta l  of 7 animals ,  3 in G r o u p  1, and 4 in Group  2 
died pos topera t ive ly .  All animals  were al lowed a m i n i m u m  
of 23 days to recover  before  the  beginning  of m o r p h i n e  
inject ions.  Animals  were fed so as to ma in t a in  the i r  weights  
at 350 4 5 0 g .  

Induction o f  Dependence 

Morph ine - t r ea ted  animals  were made  d e p e n d e n t  by  a 
series of single daily in t r ape r i tonea l  in jec t ions  admin i s te red  
at app rox ima te ly  9 :30  a.m. beginning  wi th  a dose of  10 
mg/kg. The dose was increased daily by  10 mg/kg  up to 100 
mg/kg,  t hen  every o the r  day by 10 mg/kg  un t i l  animals  
received 200 mg/kg /day .  They  were t hen  ma in t a ined  on 
single daily in jec t ions  of 200 mg/kg  for  an add i t iona l  13 
clays before  wi thdrawal  tests were begun.  Saline animals  
received equal  vo lumes  of 0.9% saline on the same in jec t ion  
schedule.  

Withdrawal Testing 

Withdrawal  was prec ip i ta ted  by  an in t r ape r i tonea l  injec- 
t ion of 4 mg/kg n a l o x o n e  hydroch lo r ide .  Animals  were 
tes ted individual ly ,  4 per  day, beg inning  a p p r o x i m a t e l y  1 
hou r  af ter  the  last m a i n t e n a n c e  in jec t ion  and ending  
app rox ima te ly  6 hours  later. The  order  of tes t ing wi th in  a 
day, as well as over days, was ba lanced  across the  4 groups  
such tha t  an equal  p r o p o r t i o n  of animals  in each group 
were tested af ter  similar m o r p h i n e - n a l o x o n e  intervals,  and  
af ter  the  same a m o u n t  of m o r p h i n e  experience.  A scoring 
procedure  similar to tha t  of B1/isig et al. [3] was used. An 
initial reading of  rec ta l  t empera tu re  was taken ,  fo l lowing 
which the  rat  was placed in to  a Plexiglas box  (17 × 22 × 
23.5 cm) for observa t ion .  The  observa t ion  per iod  s tar ted  10 
minu tes  pr ior  to the  na loxone  in jec t ion  and c o n t i n u e d  for  
30 min fo l lowing the in ject ion.  At  the  end of  this  t ime 
rectal  t e m p e r a t u r e  was again recorded.  

The incidence  of the  fol lowing behaviors  was coun ted .  
Circling ( comple t e  circies wi th in  the  box,  an index  of  
l o c o m o t o r  act ivi ty) ;  Rearing (s tanding  on  h ind  legs, an 
index of exp lo ra to ry  act ivi ty) ;  J u m p i n g  ( leaping o n t o  the  
edge of the  box,  four  feet off  the  g round  at same t ime) ;  
Wet Dog Shakes:  Tee th  Cha t t e r ing  (episodes) ;  Wri th ing  
( abdomina l  s t re tching) .  

The presence of the fo l lowing signs was checked every 
10 rain: Sc ream-on-Touch ,  Host i l i ty-on-Handl ing ,  Ptosis,  
Eye Twi tching ,  Rh ino r rhea ,  Lacr imat ion ,  Diarrhea,  Penile 
Erec t ion  (e jacula t ion ,  presence of discharge),  Sal ivat ion (or  
licking movemen t s ) .  

Oral Sel¢:Administration Test 

Animals  were ma in t a ined  on 200 mg/kg  m o r p h i n e  for  an 
add i t iona l  8 days fol lowing the  last w i thdrawal  test  and 
prior to the se l f -adminis t ra t ion  test.  The  oral self- 
admin i s t r a t i on  tes t  was similar to those  descr ibed pre- 
viously by Cappel l  and Le Blanc [6]  and  Tra f ton  and 
Marques [ 2 3 ] .  The animals  were subjec ted  to 8 successive 
5-day cycles as follows: Day 1, water  depr iva t ion ,  and the  
regular 200  mg/kg  in jec t ion  of m o r p h i n e ;  Day 2, a single 
morph ine  so lu t ion  of 0.5 m g / m l  c o n c e n t r a t i o n  to dr ink 
(forced m o r p h i n e  dr inking) ,  no  drug in jec t ion  (animals  
were the re fo re  24 hr  drug-deprived as well as 24 hr  
f luid-deprived at the  beg inning  of the  day) ;  Day 3, a single 
tube of water  to dr ink  placed on the  side of the  cage 
opposi te  to tha t  of the  m o r p h i n e  the  day before ,  and a 

ma in t enance  in jec t ion  of m o r p h i n e  (i.e., such tha t  the  
ma in t enance  in jec t ion  plus the  a m o u n t  of m o r p h i n e  d runk  
on Day 2 were equivalent  to  a dose of 200 mg/kg  - this  
was done  so the rats  could no t  vo lun ta r i ly  wi thdraw f rom 
morph ine ) ;  Day 4 choice dr ink ing  be tween  one tube  of  
water  and one tube  of m o r p h i n e ,  placed in the i r  respect ive 
pos i t ions  of Days 2 and 3 ( these  pos i t ions  were reversed on  
a l te rna te  cycles),  no  drug in jec t ion;  Day 5, 2 tubes  of water  
only,  a m a i n t e n a n c e  in jec t ion  of m o r p h i n e  as on Day 3. 
Fluid in take  readings and refil l ing of tubes  were done  daily 
in the  m o r n i n g  jus t  pr ior  to in jec t ion  t ime.  A summary  of  
these p rocedures  is f o u n d  in Table 1. 

T A B L E  1 

SUMMARY OF PROCEDURES 

Day Procedure 

1-19 
20-42 
43-72 

73-85 

86-102 

103-110 
111-150 
151 and following 

Surgery 
Additional recovery time. 
Daily A.M. injections, morphine 
animals receiving increasing doses 
of from 10 mg/kg to 200 mg/kg as 
described in text. 
Additional daily A.M. injections, 
morphine animals receiving 200 mg/kg. 
Withdrawal testing, daily injection 
schedule maintained. 
Additional daily A.M. injections. 
Oral self-administration test. 
Histology. 

Histology 

At the  end of the se l f -adminis t ra t ion  test,  all les ioned 
animals  were given an overdose  of  pen toba rb i t a l ,  and 
perfused t h r o u g h  the  hear t  wi th  physiological  saline fol- 
lowed by a 10% formal in  solut ion.  The  forward  par t  of 
each brain  was sliced in to  50 u sect ions.  A l t e rna te  sect ions  
were m o u n t e d  on slides and s tained wi th  a cresylecht  violet  
stain. 

Statistical Analysis 

Since o f t en  the  data  were marked ly  skewed,  the  Mann-  
Whi tney U-Test was used to compare  groups in regard to 
t e m p e r a t u r e  change,  coun t ed  s y m p t o m s  and self- 
admin is t ra t ion .  F isher ' s  Exac t  Test  was used to compare  
groups in the  case of checked  sumptoms .  If  the  d e p e n d e n c e  
man ipu l a t i on  were effective,  Group  IM would differ  f rom 
Groups  IS. If the lesion al tered the  effect ,  Group  LM would  
differ f rom Group  IM. A signif icant  d i f ference  was con-  
sidered to be one wi th  a p~<0.05 by a 2-tailed test.  

RESULTS 

Histology 

Lesioned animals  sus ta ined varying a m o u n t s  of damage 
including a lmost  to ta l  caudate  des t ruc t ion ,  to des t ruc t ion  
pr imari ly  of the  vent ra l  area of the  nucleus  (see Fig. 1). 
Occasional ly  the  lesions also spread slightly to  the  dorsal 
p reop t ic  area and  adjacent  cortex.  When  the  results  of the  
subsets  of animals  wi th  the  mos t  extensive  damage were 
compared  to those  of thei r  respect ive lesion groups  as a 
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FIG. 1. Histological sections from three animals of the LM group, 
showing (a) almost total caudate destruction (b) substantial caudate 
destruction and (c) damage confined mostly to ventral caudate. The 
three types of lesions were approximately equally represented 

within the two lesion groups. 

whole,  however ,  no  cons i s t en t  d i f ferences  were f o u n d .  
Accord ingly ,  all animals  were re ta ined  in Groups  LM and 
LS for  s ta t is t ical  analysis.  

Morphine Injections 

A n u m b e r  of an imals  died over the  course  of the  
e x p e r i m e n t ,  o f t en  of a p p a r e n t  m o r p h i n e  tox ic i ty .  These  
inc luded 8 animals  before  w i thd rawa l  tes t ing  (5 in G r o u p  
LM, 2 in G r o u p  LS and  1 in G r o u p  IM), and  an add i t iona l  6 

animals  before  the  c o m p l e t i o n  of the  se l f -admin i s t r a t ion  
tes t  (3 in Group  LM and 3 in G r o u p  IM). An add i t iona l  3 
animals  in G r o u p  LM could  no t  be inc luded  in the  

se l f -admin is t ra t ion  tes t  as they  had  rever ted  to ea t ing on ly  
mash.  A l t h o u g h  the  p r o p o r t i o n  of casualt ies in the  les ioned 
m o r p h i n e  group was the  largest,  it did no t  differ  sig- 
n i f icant ly  f rom t h a t  in the  in tac t  m o r p h i n e  group.  The 
casualt ies in the  LM Group ,  however ,  t e n d e d  to be those  
animals  w i th  the  mos t  ex tens ive  lesions,  such t ha t  no  LM 
animals  w i th  lesions as r ep resen ted  in Fig. 1 (a) comple t ed  
the  f inal  se l f -admin is t ra t ion  test ,  t h o u g h  several had  com- 
p le ted  w i thd rawa l  test ing.  When  the  w i thd rawa l  da ta  of 
on ly  those  an imals  w h o  comple t ed  the  se l f -admin is t ra t ion  
test  as well  were c o m p a r e d  to the  to ta l  who  comple t ed  
wi thdrawal ,  the  resul ts  did no t  differ,  Accordingly ,  the  
wi thdrawal  resul ts  p resen ted  are for  the  c o m b i n e d  n u m b e r  
of animals .  

Naloxone-Induced Withdrawal 

Rectal temperature. The  m e a n  changes  in rectal  t em-  
pera ture  for  all groups f rom before  to  30 rain fo l lowing 
n a l o x o n e  are shown  in Fig. 2. The  change was s ignif icant ly  
greater  for Group  IM t h a n  G r o u p  IS and  for  G r o u p  LM 
t h a n  G r o u p  LS, bu t  G r o u p  LM did no t  differ  f rom Group  
IM. Tha t  is, the re  was a s ignif icant  drug effect ,  bu t  the 
lesion had  no  effect .  
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FIG. 2. Mean change in rectal temperature as measured 10 min prior 
to and 30 min following naloxone administration. The narrow bars 
above the histograms indicate the standard error of the mean. LM = 
Lesioned-Morphine, n = 13; LS = Lesioned-Saline, n = 16; IM = 

Intact-Morphine, n = 10; IS = Intact-Saline, n = 12. 

Counted symptoms. The mean  n u m b e r  of t imes  per  
an imal  these  s y m p t o m s  occur red  is i l lus t ra ted  in Fig. 3. 
G r o u p  IM dif fered s ignif icant ly  f rom G r o u p  IS in regard to 
j ump ing ,  t e e t h  cha t te r ing ,  and  wet  dog shakes.  The  dif- 
ference  in wr i th ing  a p p r o a c h e d  signif icance ( p < 0 . 1 2 ) .  
A l t h o u g h  o f t en  the  m e a n  f r equency  of  s y m p t o m s  in Group  
LM exceeded  t ha t  of Group  IM, the  di f ferences  were no t  
s ignif icant ,  p r o b a b l y  due to the  increased var iabi l i ty  in the  
LM group.  However ,  w i t h  regard to t ee th  cha t t e r ing  
( p < 0 . 1 0 )  and  wr i th ing  ( p < 0 . 0 6 )  they  app roached  sig- 
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COUNTED S Y M P T O M S  
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S c o r e  
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8 

0 
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Group  

FIG. 3. Histograms showing, for each of the withdrawal symptoms 
that were counted, the mean number of times in each group the 
symptoms occurred, and the mean intensity scores (see text) for 
animals in each group. The narrow bars indicate the standard error 

of the mean. Key: same as above. 

nificance, the s y m p t o m s  being more  f requent  among 
lesioned animals. Therefore ,  in several cases, there was a 
significant drug effect ,  but  there was no evidence that  it 
was diminished by the lesion. Group LS differed sig- 
nif icantly f rom Group IS with regard to tee th  chat ter ing 
but this d i f ference appeared to be a result of  the lesion 
alone as it was present  even before adminis t ra t ion of 
na loxone.  

Checked symptoms. The percent  of animals in each 
group showing each of these s y m p t o m s  is i l lustrated in Fig. 
4. Group IM differed significantly f rom Group IS with 
regard to scream-on- touch,  host i l i ty-in-handling,  ptosis, 
rh inorrhea,  diarrhea, and salivation. In no case did Group 
LM differ f rom Group IM; that  is, there was of ten  a 
significant drug effect ,  but again the lesion did not  alter it. 

Overall intensity score. In addi t ion,  an overall score of 
the intensi ty of wi thdrawal  was compu ted  by adding one 
point  for each s y m p t o m  occurr ing within each 10 min 
period pos tna loxone  (15 s y m p t o m s  x 3 10-min periods,  
allowing a max imum score of 45 per animal).  This 
considered bo th  the total  number  of s y m p t o m s  an animal 
manifes ted  and the dura t ion of t ime in which they  were 
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FIG. 4. Histograms showing, for each of the withdrawal symptoms 
whose occurrence was checked the percent of animals in each group 

in which they were" present. Key: same as above. 

present  (see Fig. 3). The mean intensi ty  score for Group IM 
was greater than that  of Group IS, and that  of Group LM, 
greater than Group LS. There was no difference be tween  
Groups LM and IM. In addi t ion,  the Group LS score was 
greater than that  of Group IS but this difference was 
primarily due to the increased f requency  of tee th  chat ter ing 
in the LS Group,  which appeared to result f rom the lesion 
alone. 

Order of  Testing. Although the order of testing for 
wi thdrawal  on each day was balanced across groups, it is 
possible that  d i f ferent  s y m p t o m s  might  p redomina te  when 
withdrawal  is precipi ta ted  at different  intervals fol lowing 
the last morph ine  injection.  The lesion might  have an effect  
at a particular interval and such a difference would be 
obscured by combing  the data. Accordingly,  animals of the 
IM Group who were tes ted at the first two  intervals were 
compared  to those tested at the final two intervals with 
regard to all symptoms .  There was a t endency  among 
several s y m p t o m s  toward  greater f requencies  at the longer 
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FIG. 5. Mean amounts of morphine drunk by each group on forced 
morphine days, expressed (a) as absolute amounts and (b) as a 
percent of the mean amount of water drunk on the 5 days 

immediately preceding morphine treatment. 

in tervals  bu t  on ly  in the  case of d iar rhea  and  the  to ta l  
in t ens i ty  score was it s ignif icant .  A similar compar i son  
a m o n g  an imals  of  the  LM G r o u p  had  similar resul ts  w i th  
the  e x c e p t i o n  tha t  there  was no  s ignif icant  d i f fe rence  in 
to ta l  in tens i ty  scores at  early and  late intervals.  However ,  
the  to ta l  in t ens i ty  scores of the  LM G r o u p  at the  early 
in terval  was no t  so great  as to  be s ignif icant ly  d i f fe ren t  
f rom those  of the  IM animals .  

Oral self-administration test. The resul ts  of the  8 days of  
forced  m o r p h i n e  d r ink ing  are i l lus t ra ted in Fig. 5, those  of 
the  choice  d r ink ing  days, in Fig. 6. On the  fo rced  days, the  
m o r p h i n e  d r u n k  is s h o w n  b o t h  in abso lu te  terms,  and  as a 
pe rcen t  of  the  m e a n  a m o u n t  of water  d runk  on  the  5 days 
tha t  immed ia t e ly  preceded  m o r p h i n e  t r e a t m e n t ,  to  correc t  
for  possible overall  d i f fe rences  in f luid c o n s u m p t i o n .  
Similarly,  m o r p h i n e  d r u n k  on  choice days is s h o w n  b o t h  as 
abso lu te  a m o u n t s  and as pe rcen t  of to ta l  f luid c o n s u m p t i o n  
on the  choice  days. 
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FIG. 6. Mean amounts of morphine drunk by each group on choice 
days expressed (a) as absolute amounts and (b) as a percent of the 
total amount of fluid consumed on that day. It is difficult to 
discriminate the curves of the LS and IS Groups from the abscissa as 
the amounts drunk by them were zero, or approximately zero, on 

all choice days. 

Stat is t ical ly,  on  forced  dr ink ing  days, in regard to 
absolu te  a m o u n t s  of m o r p h i n e  (da ta  in Fig. 5a), G r o u p  IM 
cons i s ten t ly  d rank  more  t han  G r o u p  IS: G r o u p  LM drank  
more  t h a n  Group  LS on  Days 2, 3, 5, 6, and  8 and  over the  
8 days c o m b i n e d .  G r o u p  LM, however ,  also d rank  less t han  
G r o u p  IM on Days 3, 4, 5, 6, 7, and  8 and over the  8 days 
combined .  

When the  pe rcen t  scores (Fig. 5b) were cons idered ,  
G r o u p  IM still cons i s t en t ly  d rank  s ignif icant ly  more  mor-  
ph ine  t h a n  G r o u p  IS. G r o u p  LM, however ,  d r ank  more  t h a n  
G r o u p  LS on Days 5, 6, and  8 and over the  8 days 
c o m b i n e d ;  and  G r o u p  LM, less t h a n  G r o u p  IM on Days 3 
and  7 and  over  the  8 days combined .  

On choice  days, in regard to abso lu te  a m o u n t  of 
m o r p h i n e  d r u n k  (Fig. 6a),  G r o u p  IM drank  more  t h a n  
Group  IS on  Days 2 t h r o u g h  8 and over the  8 days 
c o m b i n e d ;  Group  LM, more  t han  G r o u p  LS on Days 2, 4, 7 
and  over the  8 days c o m b i n e d ;  bu t  Group  LM less t han  
G r o u p  IM on Days 5, 6, and 8 and over the  8 days 
combined .  These d i f ferences  r ema ined  w h e n  the  pe rcen t  
scores (Fig. 6b)  were cons idered  wi th  the  excep t ion  of the  
d i f ference  b e t w e e n  the  LM and IM groups on  Day 6. 

In s u m m a r y ,  the  m o r p h i n e - t r e a t e d  animals  d r ank  more  
m o r p h i n e  t h a n  the  sal ine- t reated animals  there  was a 
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signif icant  drug effect .  However,  les ioned m o r p h i n e - t r e a t e d  
animals  d rank  less m o r p h i n e  than  the  in tac t  morph ine -  
t rea ted  animals.  

DISCUSSION 

Lesions of  the  cauda te  nuc leus  did no t  al ter  na loxone-  
induced  wi thdrawal  in m o r p h i n e - d e p e n d e n t  rats,  but  they  
did suppress  oral se l f -adminis t ra t ion  of  m o r p h i n e  in the  
same d e p e n d e n t  rats. These results  appear  d i f fe rent  f rom 
those of Glick e t  al. [ 11] in regard to wi thdrawal  bu t  are 
cons i s ten t  wi th  those  in regard to se l f -adminis t ra t ion .  

Lesions sus ta ined by animals  of this  e x p e r i m e n t  were 
general ly larger t han  those  described by Glick et  al. so tha t  
the  d iscrepancy  in wi thdrawal  results  would no t  appear  to 
be due to size of lesion,  larger lesions general ly resul t ing in 
greater,  no t  lesser, effects  [11 ]. The  con t ro l  morph ine -  
t rea ted  animals  showed  signif icant ly  more  wi thdrawal  
s y m p t o m s  than  did the  sal ine- t reated animals ,  indica t ing  
the drug m a n i p u l a t i o n  had been effective.  However ,  par- 
t icular ly in regard to coun t ed  s y m p t o m s ,  the  absolu te  
f requencies  were o f t en  small  ind ica t ing  t ha t  a less than  
max imal  wi thdrawal  s y n d r o m e  was induced .  Nevertheless ,  
if a m a n i p u l a t i o n  were to reduce  the  in tens i ty  of wi th-  
drawal one  would expec t  it to be even more  appa ren t  at a 
developing ra the r  t han  at an a s y m p t o t i c  phase  of  wi th-  
drawal when  the  overall  i n t ens i ty  could be so great  as to 
mask the  effect .  The lesion, in this  expe r i m en t ,  however ,  
never  reduced  the  in tens i ty  of wi thdrawal  there  was even 
some ind ica t ion  it may  have enhanced  it. There  is in fact  a 
recent  r epo r t  tha t  p imozide  (a d o p a m i n e  r ecep to r  b locker )  
enhanced  some s y m p t o m s  of  m o r p h i n e  wi thdrawal  [8 ] .  

This expe r imen t ,  however ,  also dif fered f rom tha t  of 
Glick et  al. [ 11 ] in tha t  a greater  l eng th  of t ime of recovery 
f rom the  lesion was al lowed prior  to m o r p h i n e  ad- 
min i s t ra t ion ,  m o r p h i n e  was admin i s t e red  over a greater  
per iod of t ime,  and there  was, consequen t ly ,  a greater  
length of  t ime  be tween  lesion and wi thdrawal .  The m a n n e r  
in which  m o r p h i n e  was admin i s te red  was also d i f fe rent  
i.e., d iscrete  in jec t ions  of increasing doses over at least six 
weeks, as opposed  to c o n t i n u o u s  exposure  for  three  days. 

Wikler [25]  has recent ly  drawn a d i s t inc t ion  b e t w e e n  
acute and ch ron ic  lesions, referr ing to the  a m o u n t  of  t ime 
prior  to tes t ing they  are made.  He suggested t ha t  in the  case 
of chronic  lesions,  it was possible tha t  a r e s t i t u t ion  of 
f unc t i on  might  occur.  Since the t ime be tween  lesion and 
wi thdrawal  was m u c h  greater  in this  e x p e r i m e n t  t han  in 
tha t  of Glick et  al., it is possible t ha t  the  longer interval  was 
suff ic ient  for some mechan i sms ,  c o m p e n s a t o r y  to the 
lesion, to  have developed in the  brain  resul t ing eventual ly  in 
the full express ion of the  wi thdrawal  syndrome .  The  
possibi l i ty  of d e v e l o p m e n t  of c o m p e n s a t o r y  processes has 
been raised by  o thers .  Blasig et  al. [4 ] ,  in an ana logous  
neu rochemica l  s tudy,  r epo r t ed  tha t ,  whereas  acute de- 
p le t ion  of  ca techo lamines  jus t  pr ior  to na loxone- induced  
wi thdrawal  suppressed wi thdrawal  s y m p t o m s ,  chronic  de- 
p le t ion  dur ing  induc t ion  of d e p e n d e n c e  did not .  They  
hypo thes i zed  tha t  the  f o r m a t i o n  of add i t iona l  r ecep to r  sites 
dur ing the  m o r p h i n e  exper ience  may  have accoun ted  for  
the wi thdrawal  in spite of the chronic  lesion. 

Wikler [25]  also d is t inguished be tween  acute  and 
chron ic  d e p e n d e n c e  - the  fo rmer  resul t ing f rom one  
exposure  to the  drug ( c o n t i n u o u s  infus ion,  pellet  implan t ) ,  
the  lat ter ,  f rom mul t ip le  exposures  over some per iod  of 
t ime. Mart in  and Eades [19] r epor t ed  there  were quan-  

t i ta t ive  and qual i ta t ive di f ferences  in prec ip i ta ted  with- 
drawal  be tween  acute  and chronical ly  d e p e n d e n t  dogs, and 
h y p o t h e s i z e d  tha t  d i f fe rent  mechan i sms  may be responsible  
for  these syndromes .  Thus,  it is possible t ha t  these  results 
and  those of Glick et  al. may differ  no t  on ly  because 
c o m p e n s a t o r y  mechan i sms  may have developed among  
animals  of this expe r imen t ,  bu t  also because the mech- 
anisms of d e p e n d e n c e  init ial ly induced  may have been 
d i f fe rent  as well. 

It is in teres t ing  to no te  tha t  some of  the  s y m p t o m s  of 
wi thdrawal  occur red  even in the  lesioned-sal ine animals.  It 
was observed here and previously  [18]  t ha t  some symp- 
toms  eye twi tch ing ,  licking, penile  d i s c h a r g e -  some- 
t imes occur  when  na loxone  is given to sham saline animals.  
S t imula t ion  of  the caudate  nuc leus  r epor ted ly  has in- 
h ib i to ry  effects  [5 ,16]  and a lesion could therefore  resul t  
in some release f rom inh ib i t ion .  It is possible,  the re fore ,  
tha t  the wi thdrawal  s y m p t o m s  in the LS group,  especially 
t ee th  chat te r ing ,  could be a resul t  of an increased re- 
sponsiveness  of  the  animals  in the  absence of normal  
caudate  inh ib i t ion .  

A l t h o u g h  the  lesion did no t  suppress  wi thdrawal ,  it did 
reduce oral se l f -adminis t ra t ion  of m o r p h i n e  by the  
m o r p h i n e - p r e t r e a t e d  animals  relative to the  i n t ac t  m o r p h i n e  
animals.  This d i f ference was no t  a result  of overall 
d i f ferences  in f luid c o n s u m p t i o n  be tween  the  two groups  
since the i r  baseline water  in take  was not  d i f ferent  (LM, 
28.2 ml /day ;  IM, 30.8 ml /day ;  n,s.), and the  di f ference was 
still s ignif icant  w h e n  the percen t  scores were considered.  
The lesioned-sal ine animals  who comple ted  the self- 
admin i s t r a t i on  test ,  however ,  had a s ignif icant ly  lower 
baseline (LS, 21.9 ml /day ;  IS, 28.4 ml /day ;  p < 0 . 0 5 )  than  
did the in tact -sa l ine  animals  bu t  this  was no t  ref lected in 
differences in m o r p h i n e  c o n s u m p t i o n  be tween  the  groups.  
The baseline c o n s u m p t i o n  levels of LM animals  who  
comple t ed  wi thdrawal ,  however ,  was 23.7 ml, s ignif icant ly  
less than  the  IM baseline,  and comparab le  to  the  LS group. 
However ,  as m e n t i o n e d  previously,  LM animals  wi th  the  
mos t  severe lesions (and  c o n s u m m a t o r y  defici ts)  did no t  
comple te  the se l f -adminis t ra t ion  test,  such tha t  the  base- 
lines of  the remain ing  LM animals  and the  IM animals  were 
not  d i f ferent .  

It could be, however ,  tha t  the reduced in take  of 
m o r p h i n e  in lesioned animals  might  s imply resul t  f rom 
increased m o t o r  i ncapac i t a t ion  tha t  is, t ha t  the  effects  of 
m o r p h i n e  and  lesion might  s u m m a t e  so as to make  the  LM 
animals  less capable  of pe r fo rming  the  m o t o r  acts necessary 
for dr inking.  This would be diff icul t  to  re fu te  on  the basis 
of  on ly  the  forced days data.  However ,  it could not  accoun t  
for  the low levels of m o r p h i n e  consumed  by the LM 
animals  on choice days, since they  had a l ready previously 
shown  they  were, in fact,  capable  of dr inking  several t imes 
tha t  a m o u n t  on  the  forced days. 

It is also possible tha t  the lesioned animals  might  dr ink 
less m o r p h i n e  than  the  in tac t  animals  if the  lesion made  
t h e m  more sensitive to the  aversive proper t i es  of  the 
morph ine  solut ion.  This could mani fes t  i tself  in e i ther  of 
two ways. First,  the lesioned animals  could be more  
sensitive to the u n c o n d i t i o n e d  aversive proper t ies  of the 
so lu t ion ,  i.e., the b i t te r  taste. This would not  seem to be 
true since there  was no signif icant  d i f ference in m o r p h i n e  
c o n s u m p t i o n  be tween  the lesioned and the i r  respective 
con t ro l  groups on first  exposure  to m o r p h i n e  (Forced  Day 
1), which  could be cons idered  largely a measure of  thei r  
response  to the  u n c o n d i t i o n e d  aspects of the  solut ion.  The 
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significant differences be tween groups LM and IM appeared 
on later exposures when the animals would  have had t ime 
to associate the taste of the solut ion with  its pharma- 
cological effect.  

Al ternat ively,  the lesioned animals could have developed 
a greater condi t ioned  aversion to the morph ine  solut ion 
than the intact  animals, or it may not  have been a t tenuated  
as greatly by pre t rea tment  wi th  morphine .  The latter is 
possible since the oral self-administrat ion procedure  has 
characteristics of  a taste aversion paradigm - the morphine  
solution is a novel solut ion,  and the psychoact ive  effects 
would  presumably fol low its ingestion. In addit ion,  it has 
been shown that  p re t rea tment  with morphine  can at tenuate  
such an aversion [7] .  In this exper iment ,  it is difficult  to 
tell whether  a condi t ioned taste aversion played a part since 
there is no evidence of  it among animals of the non- 
pre t reated LS and IS groups; the possibili ty may have been 
overshadowed by the effects of uncond i t ioned  propert ies  of 
the solution.  That  the increased consumpt ion  of morphine  
among the pretreated LM and IM groups is not  simply the 
reversal of a condi t ioned  taste aversion is at tested to by the 
fact that  final consumpt ion  levels not  only exceeded the 
initial morphine  consumpt ion  levels, but  the daily water 
baselines as well. 

Reduced oral self-administrat ion of morphine  in 
previous exper iments  has been interpreted as reflect ing a 
decreased level of  dependence  [6 ] ,  a defici t  in avoidance 
behavior [23] ,  decrease in re inforcement  propert ies  of the 
solut ion [ 12,26] or increased sensitivity to the rewarding 
propert ies  of  the solut ion [12] .  Glick et al. [11] inter- 
preted decreased intravenous self-administrat ion in caudate 
animals as increased sensitivity to the reinforcing propert ies  
of the morphine,  since lesioned animals would  self- 
administer  smaller doses than intact  animals. On the basis 
of the present results alone, one could not  distinguish 
be tween  decreased reinforcing efficacy and increased 
sensitivity to reinforcing effects. Perhaps one could do so, 
however,  in an addi t ional  exper iment ,  using the oral 
self-administrat ion model ,  by observing changes in re- 
sponses to decreasing concent ra t ions  of morphine  solutions 
be tween lesioned and sham animals once their  consumpt ion  
had reached asympto t ic  levels. 

It is interest ing that  the lesion had different  effects  on 
withdrawal  f rom morphine  and on morphine  self- 

adminis t ra t ion in already dependent  animals. That  is, even 
though the chronic  lesion failed to suppress withdrawal,  
possibly because of recovery of func t ion  in that  respect,  it 
still reduced self-administrat ion,  i.e., any such funct ional  
deficits were not  restored.  Similarly, it has been reported,  
in one instance, that  chronic lesions of the cingulate cortex,  
an adjacent area of the brain, had negligible effects  on 
morphine  withdrawal  in chronically dependent  animals 
[26] ,  and in another ,  that chronic cingulate lesions reduced 
self-administrat ion of morphine  in dependent  animals in a 
test similar to that  used here [23] .  It is possible that  the 
oral self-administrat ion tests were more sensitive than the 
withdrawal  tests. However ,  it is also possible that  the 
processes governing the two phenomena  are at least, in part,  
separable that  morphine  is administered not  only to allay 
incipient  withdrawal,  but  has independent ly  reinforcing 
propert ies,  wi th  a different  neural basis, as well. Perhaps 
also pre t rea tment  can increase the probabi l i ty  of self- 
adminis t ra t ion in ways other  than by inducing physical 
dependence.  Glick and Charap [10] also previously re- 
por ted a dissociation of the two processes. That  is, lesions 
of  the posterior  hypotha lamus  which suppressed morphine  
w i t h d r a w a l ,  never the less  increased morphine  self- 
administrat ion.  Behaviorally,  also, there is evidence of 
dissociation as opiates are repor ted ly  self-administered in 
amounts  believed to be too  small to create any physical 
dependence [11 ,21] .  

In summary,  the results of  this exper iment  bo th  limit 
and extend the generali ty of the Glick et al., findings. That 
is, chronic  lesions of  the caudate nucleus failed to suppress 
any sign of withdrawal  f rom morphine  in chronically 
dependent  as opposed to pel let- implanted animals. How- 
ever, the same lesions effect ively reduced oral morphine  
consumpt ion  in the same dependent  animals. The previous 
report  [11] was of a suppression of  intravenous self- 
adminis t ra t ion in non-dependent  animals. 
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