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MACKEY, W. B., J. KELLER AND D. VAN DER KOOY. Visceral cortex lesions block conditioned taste aversions 
induced 13)' morphine. PHARMACOL B1OCHEM BEHAV 24(1) 71-78, 1986.--Rats with bilateral ibotenic acid or sham 
lesions of the visceral (agranular insular) cortex were tested for a conditioned taste aversion (CTA) to saccharin after five 
pairings of morphine sulphate injections (15 mg/kg IP) with consumption of a novel solution (0.1% saccharin). Lesioned 
animals demonstrated no evidence of the morphine-induced CTA that was seen in the sham operated animals. A third group 
of rats received ibotenic acid lesions but had saccharin consumption paired with saline vehicle injections. This group had 
the normal preference (seen in naive rats) for saccharin on testing, showing that the visceral cortex lesion had no effect on 
the ability of the rats to discriminate saccharin from water. In order to test if visceral cortex lesions abolish specifically the 
CTA induced by morphine, we ran a similar set of CTA experiments using two new novel flavours and either 15 or 75 mg/kg 
IP lithium chloride (LiCI) as the unconditioned stimuli. Dose dependent CTA's to the LiCI were established in all groups 
indicating that the visceral cortex plays no role in mediating the aversive effect of LiCI. Using the condition place 
preference paradigm we investigated the role of the visceral cortex in the expression of morphine's rewarding aspects. 
Identical place preferences were found in groups of rats with or without visceral cortex lesions suggesting that this cortical 
region plays no role in either the perception of morphine's rewarding effects or the association of morphine's rewarding 
properties with sensory stimuli. Visceral cortex lesions also had no effect on the establishment of a conditioned place 
aversion to a high dose of LiCI (75 mg/kg IP). Thus. visceral cortex appears critical for the establishment of a morphine- 
induced CTA, but is not crucial for mediating gross taste discrimination, the aversive aspects of LiCI nor the rewarding 
properties of morphine. 
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Conditioned taste aversion 

M O R P H I N E ,  along wi th  o t h e r  p s y c h o a c t i v e  drugs  [13, 14, 
34, 35, 36, 37, 48, 51], has  been  shown  to possess  bo th  posi- 
t ive [22, 24, 25, 42, 46] and  nega t ive  re inforc ing  cha rac -  
ter is t ics  [7, 12, 37, 43, 47]. T h e s e  pa radox ica l  re inforc ing  
effects  are not  a c c o u n t e d  for  by var iab les  such  as dose ,  t ime 
course  of  effect, route of  adminis t ra t ion  or  previous  drug expe-  
r ience [7,47]. M o r p h i n e ' s  reward ing  aspects  may  be demon-  
s t ra ted  t h rough  the i n t r a v e n o u s  se l f -admin i s t ra t ion  pa rad igm 
[42] or  t h rough  the  cond i t i oned  place p re fe rence  parad igm in 
wh ich  m o r p h i n e ' s  r eward ing  p rope r t i e s  are pa i red  wi th  vis- 
ual, o l fac tory  and  tact i le  s t imuli  f rom dis t inct ly  c o n s t r u c t e d  
e n v i r o n m e n t s  [22, 25, 44]. M o r p h i n e ' s  ave r s ive  a spec t s  may  
be d e m o n s t r a t e d  via the  cond i t i oned  tas te  ave r s ion  (CTA)  
pa rad igm wh ich  also m a k e s  use  o f  a nove l  e n v i r o n m e n t a l  
s t imulus ,  but  in this  case  invo lves  only the  sense  of  tas te  [7, 
11, 47]. It appea r s  tha t  the  ave r s ive  aspec t s  of  m o r p h i n e  in 
ra ts  are pre fe ren t ia l ly  a s soc iab le  with  tas te  st imuli ,  
p r e s u m a b l y  ref lect ing the  inna te  " w i r i n g "  of  the  rat .  

G iven  the  preferen t ia l  assoc iabi l i ty  of  the  ave r s ive  as- 
pec t s  of  ce r t a in  drugs  to t as te  in rats ,  m a n y  inves t iga t ions  

~Requests for reprints should be addressed to D. van der Kooy. 

into neura l  m e c h a n i s m s  of  CTA have  looked at the  role of  
the  t as te  co r t ex  and  n e a r b y  s t ruc tu res  [10, 17, 18]. The  gen-  
eral  f inding has  been  that  this  region plays a mino r  role in the  
e s t a b l i s h m e n t  of  C T A ' s  induced  by  l i th ium chlor ide ,  c o p p e r  
su lpha te  and  scopo lamine  me thy l  n i t ra te  [11], howeve r ,  con-  
t r ad ic to ry  ev idence  does  exis t  [17,18]. 

The  tas te  cor tex  has  been  def ined ana tomica l ly  as the  
cor tex  rece iv ing  af ferent  c o n n e c t i o n s  f rom the tha lamic  tas te  
area  in the ven t romed ia l  tha lamus .  The  tas te  co r t ex  is thus  
the insu lar  cor tex ,  and  deba te  con t inues  as to w h e t h e r  it is 
the  g ranu la r  or  ag ranu la r  insu lar  cor tex  tha t  pr imar i ly  re- 
ce ives  the  tas te  in fo rmat ion  f rom the  t ha l amus  [29,53]. The  
ag ranu la r  insu lar  cor tex  has  b e e n  re fe r red  to, in b r o a d e r  
te rminology,  as the visceral  cor tex  because  of  a n u m b e r  of  its 
o ther  connec t ions  [45]. First ,  there  is a direct  project ion from 
the  pa rab rach ia l  nuc leus  ( the s econd  order  relay s ta t ion  in 
the  pons  for  tas te  and  o t h e r  v iscera l  in fo rmat ion)  to the  
g ranu la r  and  agranu la r  insu lar  co r t ex  [19,38]. Second ,  the  
ag ranu la r  co r t ex  (especia l ly  its ven t ra l  and  pos t e r io r  di- 
v is ions)  sends  d i rec t  p ro jec t ions  down  to the  nuc leus  of  the  
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FIG. 1. Representative examples of sham <A) and ibotenic acid <B) lesions of the visceral cortex. 
Arrows indicate the location of the rhinal sulcus near the site of the agranular insular cortex injection. 
Needle tracts are not visible with the lengthy survival times post-injection, 

solitary tract, the first order relay station in the medulla for 
taste and other visceral information [45]. Third, the agranular 
insular or visceral cortex is innervated by dopamine fibers 
[20,23]. Because dopamine has been implicated in the psy- 
choactive properties of many drugs including the aversive 
and positive reinforcing aspects of morphine [43,51], we 
sought to examine the role of the visceral cortex in 
morphine-induced CTA. Few of the investigations into de- 
termining the brain sites involved in morphine's psychoactive 
properties have considered its aversive properties [37,43]. 
Determination of the brain structures involved in the expres- 

sion of these properties is important, however, to shed light 
on the mechanisms behind the differential associability of the 
rewarding aspects of psychoactive drugs to certain sense 
modalities and the aversive aspects of these drugs to other 
modalities. 

In the present experiments we used morphine injections 
to attempt to form a CTA to saccharin in rats which had 
received ibotenic acid lesions to their visceral cortex and 
others which were sham-operated. We then repeated these 
procedures with two doses of LiCI in order to test the speci- 
ficity of the visceral cortex lesion to morphine effects. Fi- 



VISCERAL CORTEX AND MORPHINE CTA 73 

25 

20 

Liquid 15 
Consumed 
During 
20 Min, Test 
(ml) 10 

Lesion 
Morphine 
(15 mg/kg) 
N = 1 6  

Paired solution 

_~_ ~ Non-paired solution 

Lesion Sham Lesion 
~aline Morphine 
N - 13 (15 mg/kg) 

N ~ 16 

FIG. 2. Conditioned taste aversions elicited by five pairings of mor- 
phine (15 mg/kg 1P) or physiological saline in rats with either bilat- 
er~d ibotenic acid or sham [esions of the visceral cortex. 

nally, using the place preference paradigm we investigated 
the effect of the visceral cortex lesions on morphine's re- 
warding properties. 

We now report that the visceral cortex does indeed play a 
role in the establishment of a morphine-induced CTA. The 
visceral cortex, however, plays no role in associating the 
aversive qualities of LiCl with any sensory modality or in 
associating morphine's motivational properties with sensory 
stimuli other than taste. 

METHOD 

Fifty-seven adult male Wistar rats (Charles River) weigh- 
ing 300-400 g were used. The rats were housed individually 
in suspended grey wire cages throughout all handling and 
conditioning procedures in a room kept at 22°C and lit from 
0900 to 2100 hr. Purina rat chow was available ad lib 
throughout all procedures. Water was also continuously 
available except during CTA training and testing. 

Surget:v 

Under general anesthesia (Nembutal) 48 of the 57 rats were 
operated upon. Each of the rats was placed in a stereotaxic 
apparatus, a scalp incision was made and two small holes 
were drilled in the skull to allow passage of a needle. Each 
rat was either bilaterally injected with 0.1 tzl of a 4% ibotenic 
acid solution via a 1 p.I Hamilton microsyringe over 10 min- 
utes (32 rats) or with physiological saline (16 rats). The nee- 
dle was left in place for 5 minutes following the infusions. 
The injection co-ordinates as taken from the atlas of Paxinos 
and Watson [32] were AP +0.2 mm anterior to bregma, L 
-+4.8 ram, and DV -5 .5  mm below the dura, with the mouth 
bar set at -3 .3  mm below the interaural line. 

Two weeks were allowed for recovery from surgery be- 
fore any experiments were begun, during which each rat was 
handled at least four times for three minutes at a time. Han- 
dling was also performed between experiments since each 
was separated in time by one month. 

Taste Aversion Conditions 

Morphine CTA. Two weeks postsurgery all rats were 
trained to consume water on a limited access regime of 20 

minutes a day for five days. On the first experimental day 
0.1% saccharin was made available for 20 minutes instead of 
water and immediately afterward each rat was given an ap- 
propriate injection. The rats in group 1 (n= 16) had bilateral 
ibotenic acid lesions of the visceral cortex and were injected 
intraperitoneally with 15 mg/kg morphine sulphate dissolved 
in physiological saline. The rats in group 2 (n= 13) were also 
lesioned but were injected with the physiological saline ve- 
hicle (three of the 16 original rats from this group died during 
the experiment). The rats in group 3 (n= 16) were the sham- 
lesioned animals and, like group 1, were injected with 15 
mg/kg morphine sulphate. On the second experimental day 
each rat was merely provided with water for 20 minutes. 
Treatment on subsequent experimental days continued to 
alternate between each of these procedures for a total of ten 
days (i.e., 5 drug pairings). The following day (day 11) a 
two-bottle choice test was given to each rat by simulta- 
neously presenting both saccharin and water for 20 minutes 
and the amount consumed of each liquid was recorded for 
each rat. The two-bottle choice method has been shown to 
be the most sensitive and reliable of the various CTA testing 
methods [11]. Glass calibrated drinking tubes held each of 
the liquids, and the side of the cage where the saccharin tube 
was placed during conditioning and testing was counterbal- 
anced within each group but remained consistent throughout 
the experiment for each rat. 

LiCI CTA. One month after the morphine CTA experi- 
ment, during which time the rats were rehandled, two of the 
groups of rats were split into two groups of eight (the saline 
injected group remained intact) and the experiment was re- 
peated except that the morphine injections were replaced by 
injections of either 15 or 75 mg/kg IP LiCI, and the saccharin 
solution and water were replaced by solutions of un- 
sweetened grape and cherry Kool-Aid (each 0.3% in tap 
water). The groups, then, consisted of lesioned rats in- 
jected with saline vehicle (n= 13, the lesioned, saline injected 
ras from the first experiment), lesioned and sham-operated 
animals conditioned with 5 pairings with 15 mg/kg IP of LiCl 
(n" s = 8, halves of each of the lesioned, morphine injected, and 
sham operated, morphine injected groups from the first ex- 
periment) and lesioned, and sham operated, animals con- 
ditioned with 5 pairings with 75 mg/kg IP LiC1 (n 's=8,  halves 
of each of the lesioned, morphine injected, and sham oper- 
ated, morphine injected groups from the first experiment). 
Unlike saccharin, which is greatly preferred over water by 
the rats, no preference was expected for one flavour of 
Kool-Aid over the other. Thus, the flavours were counter- 
balanced within groups with respect to which flavour was to 
be paired with the drug injection. Two doses of LiCI were 
used to increase our chances of finding an effect of the vis- 
ceral cortex lesion. The 75 mg/kg dose was chosen because it 
has been shown to be very effective at producing CTA's [34]. 
The 15 mg/kg dose was chosen since it too produces CTA's 
[34], but to a lesser degree. It was felt that this lower dose of 
LiCI would produce an aversion closer in magnitude to the 
aversion expected of morphine. 

Place Conditioning 

Place conditioning took place one month after the comple- 
tion of the second CTA experiment, During this time the rats 
were rehandled. The procedures used were very similar to 
those described previously [25]. Briefly, conditioning took 
place in one of two boxes which differed in colour, texture 
and smell. One had black walls and a black Plexiglas floor 
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which was wiped with a 2% vinegar solution just prior to 
placing each rat inside it. The other box had white walls and 
a wood chip floor which gave offa slight smell of wood. Each 
rat received a drug injection one day (15 mg/kg 1P morphine 
or 15 or 75 mg/kg IP LiCI) and a saline injection on the next, 
and these injections were alternated for a total of eight days 
(i.e., four drug pairings). When injected with a drug each rat 
was immediately placed into one box and on alternate days, 
when injected with saline vehicle, it was placed in the other 
box. Each pairing lasted 30 minutes. The order of drug and 
vehicle presentation and the choice of environment paired 
with drug injection were counterbalanced for the rats in each 
group. 

On the ninth day, each rat was placed into a larger 
rectangular test box which consisted of environments exactly 
the same as the two conditioning boxes at each end, sepa- 
rated by a smaller grey area ("neutral zone"). The time that 
each rat spent on each of the two ends was recorded over a 
10 minute period. Evidence exists that this unbiased method 
of running place preference conditioning is the most reliable 
[24,44]. 

Each lesioned and sham operated rat was conditioned 
with morphine at the dose it had received in the first CTA 
experiment. The lesioned group that was conditioned with 
saline in the CTA experiments was now split into two and 
underwent place conditioning with 15 or 75 mg/kg IP LiC1 as 
the unconditioned stimulus. Two new groups were added in 
order to test the effects of the two doses of LiC1 on place 
conditioning in naive rats. LiCI has previously been seen to 
produce place aversions at 60 mg/kg intravenously [25]. Dur- 
ing the place conditioning phase of the experiment four rats 
died from the group of animals which had been lesioned and 
were receiving morphine injections. Thus, the groups used 
consisted of lesioned rats conditioned with morphine (n= 12, 
from the lesioned, morphine injected group of the first exper- 
iment), sham lesioned rats conditioned with morphine 
(n= 16, the sham lesioned, morphine injected group from the 
first experiment), lesioned (from the lesioned, saline injected 
group of the first experiment) and naive groups conditioned 
with 15 mg/kg 1P LiCI (n ' s=8 and 4, respectively) and 
lesioned (from the lesioned, saline injected group of the first 
experiment) and naive groups conditioned with 75 mg/kg IP 
LiCl (n's=5).  

Histology 

After the place conditioning procedures all of the rats 
which were operated upon were deeply anesthetized with 
Nembutal and perfused through the heart first with saline 
and then 10% formalin. The brains were cut, mounted on 
gelatin coated slides, and stained with cresyl violet in order 
to verify the placement and extent of the lesions. Sections 
were examined and photographed in brightfield microscopy. 

RESULTS 

Histology 

Representative sections from ibotenic acid and sham 
lesioned animals are presented in Fig. 1. In all rats the 
ibotenic acid lesions produced bilateral destruction of the 
area around the rhinal sulcus, which included most or all of 
the agranuar insular cortex and large parts of the claustrum. 
The granular insular cortex was sometimes damaged, but in 
many rats this region was relatively unaffected by the le- 
sions. The extent of damage to the granular cortex did not 

seem to correlate with the behavioral results. As assessed in 
Nissl sections, subcortical structures, with the exception of 
the claustrum, were not damaged by the lesions. 

Morphine CTA 

Morphine induced clear CTA's in sham lesioned rats, but 
not in rats with ibotenic acid lesions of the visceral cortex. 
The results of the two-bottle choice test after morphine con- 
ditioning are presented in Fig. 2. Analysis of variance 
showed a significant interaction between flavour consumed 
and lesion in the morphine injected rats, F(1,30)=20.4, 
p<0.01. Group 3, which received sham visceral cortex le- 
sions and had morphine injections paired with saccharin 
consumption, showed the expected aversion to the normally 
preferred saccharin. On average, only 6.0±1.7 ml of saccha- 
rin were consumed during the test (34% of the total fluid 
intake) versus 11.8+1.8 ml of water. These amounts were 
significantly different, t(15)-2.38, p<0.05. In contrasl, 
group 1, which received ibotenic acid lesions of the visceral 
cortex and had morphine injections paired with saccharin 
consumption, drank 15.8-+ 1.5 ml of saccharin (83c~ of the 
total) versus 3.2+ 1.1 ml of water. These amounts were also 
significantly different, 1(15)=6.93, p<0.001. The saccharin 
preference shown in the ibotenic acid lesioned group was 
very similar to that seen in group 2, which received ibotenic 
acid lesions and had saline vehicle instead of morphine in- 
jections paired with saccharin consumption. The rats of this 
group on average drank 20.7+1.3 ml of saccharin 193c/~ of 
the total) versus 1.5±0.8 ml of water, which again were 
amounts tbund to differ significantly, t(12)-12.9, p<0.001. 
The normal saccharin preference in group 2 is similar to the 
normal saccharin preference seen on nonlesioned, saline in- 
jected rats, and served as a control showing that ibotenic 
acid lesions of the visceral cortex do not affect gross taste 
discrimination nor baseline taste preferences. 

LiCl CTA 

Ibotenic acid lesions of the visceral cortex had no effect 
on the acquisition of CTA's induced by LiC1. The results of 
the two-bottle choice test after LiCI conditioning are pre- 
sented in Fig. 3. The first group shown (to the far left) con- 
sisted of rats which were lesioned and received saline vehicle 
injections as the unconditioned stimuli. The average con- 
sumption from this group was 10.0_+ 1.8 ml of the Kool-Aid 
flavoured solution paired with the saline injection ( 4 ~  of the 
total) versus 11.7_ + 1.4 ml of the other Kool-Aid flavoured 
solution. No significant differences were seen between these 
two values, t(12)=0.22, p>0.25. An overall comparison of 
the consumption of grape vs. cherry Kool-Aid across all 
groups showed no preference for one or the other, t(44)= 1.4, 
p>0.25. Significant dose dependent CTA's were seen in the 
other four groups all of which were conditioned with LiCI. 
Analysis of variance showed a significant main effect of 
flavour paired with drug versus flavour not paired with drug, 
F(1,28)=53.34, p<0.001, but no main effect of lesion, 
F(1,28)=0.44, p>0.5.  At 15 mg/kg, the lesion group drank 
7.3+ 1.4 ml of the flavoured solution paired with the LiCI 
(28% of the total) versus 18.1 _+2.4 ml of the other, t(7)~ 3.85. 
p<0.01, and the sham-operated group drank 8.4_+2.2 ml of 
the flavoured solution paired with the LiCI (3 lc~ of the total) 
versus 18.6±1.6 of the other, t(7)=3.97, p<0.01. At 75 
mg/kg, the lesion group drank on average 1.1 _+0.3 ml of the 
flavoured solution paired with the LiC1 injection (9~/~ of the 
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FIG. 3. Conditioned taste aversions elicited by five pairings of LiCI 
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ibotenic acid or sham lesions of the visceral cortex. 
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FIG. 4. Place conditioning in groups of lesioned rats and their con- 
trols injected with either morphine (15 mg/kg IP) or LiC1 (15 or 75 
mg/kg 1P). 

total) versus 11.8-+1.4 ml of the other flavoured solution, 
t(7)=7.38, p<0.001, and sham-lesioned group drank 
0.3_+0.1 ml of the flavoured solution paired with the LiCI (2% 
of the total) versus 13.7_+3.5 ml of the other, t(7)=3.86, 
p<0.01. 

Place Conditioning 

Ibotenic acid lesions of the visceral cortex did not modify 
the place conditioning seen with either mophine or LiCI (Fig. 
4). The two groups (a lesion and a sham-lesion group) which 
received morphine as a conditioning agent showed signifi- 
cant place preferences for the environment in which the rat 
experienced the effects of the morphine injections. Analysis 
of variance revealed a significant main effect of morphine 
versus saline, F(1,26)=45.56, p<0.01, but no significant 
main effect of lesion, F(1,26)=0.67, p>0.25,  and no signifi- 
cant interaction between the variables. Comparing times 
spent in the morphine versus saline paired environments, the 
rats of the lesion group, t( 1 I)=5.41, p<0.001, and the sham- 
lesion group, t(15)=7.37, p<0.001, spent an average of 256 
and 260 seconds more, respectively, in the part of the test 
box resembling the environment where the morphine was 
experienced. Twenty-six of the 28 rats in these two groups 
showed preferences for the environment in which the effects 
of morphine were experienced. 

Only the groups conditioned with 75 mg/kg LiCI showed 
place aversions, and the lesioned and naive groups did not 
differ significantly at this dose. Analysis of variance revealed 
a significant main effect of LiCI paired side versus vehicle 
paired side, F(1,18)=7.19, p<0.05,  but no significant effect 
of lesions, F(1,18)=3.44, p>0.05.  At 15 mg/kg the lesion 
group, t(7)=0.08, p>0.25, and the naive group, t(3)=0.16, 
p>0.25, spent an average of 15 and 59 seconds less time, 
respectively on the side of the test box where the effects of 
the LiC1 were experienced. At 75 mg/kg, LiCI place aver- 
sions were seen in both of the groups which received this 
dose of drug. The lesion group, t(4)=5.24, p<0.01, and the 
naive group, t(4)=4.20, p<0.05, spent 276 and 129 seconds 
less time, respectively, on the side of the test box where the 
effects of the LiC1 were experienced. 

DISCUSSION 

The results of the CTA experiment utilizing morphine as 
the unconditioned stimulus demonstrated that ibotenic acid 

lesions of the visceral cortex disrupt the normal aversion 
developed to novel flavours paired with morphine injections. 
This is illustrated by the differences in liquid consumption 
between groups 1 and 3 of the first experiment. The results of 
Group 2 indicate that the lesion had no effect on the rats' 
abilities to taste saccharin since it was highly preferred over 
water when paired with presumably neutral saline injections. 
This preference is similar to that of normal naive rats (un- 
published observations). 

A number of studies have investigated the effects of le- 
sions in the area of the visceral cortex on the CTA's induced 
by a number of agents, but most often LiCI. Even large le- 
sions of the lateral cortex in rat do not abolish the ability to 
acquire CTA's [4, 5, 15, 16, 18, 21, 53], although in certain 
cases the CTA's are partially attenuated. Two previous 
studies employed electrolytic lesions that overlapped signifi- 
cantly the site of our ibotenic acid lesions in the agranular 
insular cortex. Lasiter and Glanzman [ 18] showed that dorsal 
prepiriform cortex lesions, but not lesions more dorsally in 
the traditional gustatory neocortex, produced a generalized 
suppression of both water and the flavoured LiCI solution 
paired on the first day. However, when fluid consumption 
recovered on the next day, Lasiter and Glanzman [18] re- 
ported that clear aversions to LiCI were seen. Yamamoto et 
a/. [53] found that electrolytic lesions of an area on the dorsal 
lip of the rhinal sulcus (ventral and posterior to the tradi- 
tional gustatory neocortex) diminished a LiCl-induced CTA 
that was acquired preoperatively. 

In order to test the effects of our more specific ibotenic 
acid lesions on LiCl-induced CTA's we ran two doses of 
LiCI on the lesioned rats that previously were found to be 
completely blocked from the acquisition of morphine- 
induced CTA. Results of the LiCI CTA experiment showed 
that LiCI produced dose dependent CTA's in both the sham 
operated and the visceral cortex lesioned rats. Thus, results 
employing the neurotoxin ibotenic acid, which spares fibers 
of passage, suggest that the visceral cortex appears to be 
specific to morphine in terms of its importance to CTA de- 
velopment. Our results also suggest that the slight impair- 
ment of LiCl-induced CTA acquisition found in previous 
studies [18,53] may have been due to the non-specific effects 
(on fibers of passage) of the electrolytic lesions employed. 
Visceral cortex, of course, may be involved in the develop- 
ment of CTA's when agents other than morphine or LiCI are 
used as unconditioned stimuli. The specificity of the visceral 
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cortex lesion to morphine-induced CTA's  further illustrates 
the fact that different drugs capable of  producing CTA"s may 
do so via different mechanisms [8, 37, 48]. Another example 
of this is the observation that lesions to the area postrema 
have no effect on amphetamine or morphine-induced CTA's  
but significantly disrupt scopolamine methyl nitrate-induced 
CTA's  [35,48]. 

In order to test if the visceral cortex had any effect on the 
expression of morphine 's  positive reinforcing properties,  
place conditioning with morphine was at tempted in lesioned 
rats and sham operated controls. All rats conditioned with 
morphine showed place preferences to the environment in 
which they experienced the effects of the morphine. The 
visceral cortex lesion had no effect on these place prefer- 
ences, supporting the notion that it is only the aversive prop- 
erties of morphine or their conditioning to taste stimuli that 
are affected. These results rule out the possibility that the 
lesion could have altered the CTA results through an effect 
on the rewarding characteristics of morphine or through an 
effect on both the aversive and rewarding aspects of  mor- 
phine. 

The aversive qualities of many drugs are preferentially 
associated with tastes in rats, rather than with other sensory 
modalities [11]. It is these other sensory modalities (vision 
and texture and possibly olfaction) which are exploited in the 
conditioned place preference paradigm. LiCI, which appar- 
ently has only aversive qualities, produced both CTA's  and 
conditioned place aversions. Visceral cortex lesions blocked 
neither of  these aversive effects. Of interest, however,  was 
the finding that only high doses of LiCI produced place 
aversions in either the sham operated or lesioned rats, 
whereas both high and low doses of LiC1 produce CTA's .  
This re-emphasizes the difficulty of demonstrating the aver- 
sive qualities of psychoactive drugs when employing con- 
ditioned stimuli from sensory modalities other than taste. 

There are two viable explanations for the blockade of  
morphine-induced CTA by ibotenic acid lesions of the vis- 
ceral cortex. First the lesion may have produced a reduction 
in the perception of morphine 's  aversive properties.  Second, 
morphine may have prevented the association of  the taste 
cues with morphine 's  negative aspects or the memory of this 
association. To differentiate these possible explanations a 
second measure of morphine 's  aversive qualities would be 
required. The recent discovery of a place aversion induced 
by morphine only at low doses and only via intraperitoneal 
administration [2], may be such a measure and may allow 
discrimination between these two possible explanations. 

The results of  the present experiment are important with 
respect to the neural mechanisms underlying the differential 
associabili ty of morphine 's  positive reinforcing and aversive 
effects with conditioned stimuli from different sensory mo- 
dalities. The ability of the visceral cortex lesion to disrupt 
the CTA's  produced by morphine, yet have no effect on 
morphine 's  rewarding qualities, demonstrates one 
anatomical dissociation of  these different motivational ef- 
fects. Other research from our lab has provided evidence 
which further anatomically separates the rewarding from the 
aversive aspects of morphine. Morphine 's  rewarding aspects 
have been shown to be mediated by central opiate receptors,  
whereas the aversive aspects appear  to originate at periph- 
eral opiate receptors primarily in the gut [2]. Transmission of  
the aversive information was shown to be via the vagus 
nerve since subdiaphragmatic vagotomy eliminated 
morphine-induced CTA's  [2]. 

Combining the present results with prior data, we can 

speculate on the structures and pathways involved in 
morphine-induced CTA's .  The transmission of tas te  infor- 
mation through the nervous system seems relatively 
straightforward. Taste sensations carried by cranial nerves 
VII, IX, and possibly X, terminate in the rostral nucleus of 
the solitary tract [ 1,27, 30] and from there are relayed to the 
pontine taste area in the parabrachial nuclei [27,30]. The 
efferent connections of the parabrachial nuclei in the rat in- 
nervate a large number of brain structures. One of these 
efferents is the classical taste pathway [6, 28, 30, 49], which 
involves projections from the pontine taste area ascending 
via the central tegmental bundle to synapse in the ven- 
tromedial thalamic nucleus [28,39]. The electrophysiological 
evidence for the transmission of taste information through 
the pontine taste area and ventromedial thalamus is well 
documented [27, 30, 53, 54]. From the ventromedial thalamic 
nucleus the pathway continues to the taste cortex [31, 52, 
53], which overlaps our visceral cortex lesion site, if recent 
evidence implicating the agranular insular cortex as taste 
cortex is correct [29]. We assume that the taste information 
from an ingested solution reaches the visceral cortex via this 
pathway. 

The aversiveness of opiates begins with morphine (or 
other opiate receptor agonists) binding to receptors located 
in the gut region [2]. Information from this binding site 
travels via the vagus nerve [2] to the caudal nucleus of the 
solitary tract within the medulla. The aversive information 
from the morphine injection continues (we speculate) from 
the caudal NTS via a pathway which may include the norad- 
renaline and dopamine systems at its synaptic points. From 
the caudal nucleus of the solitary tract the majority of the 
direct projections to the diencephalon are noradrenergic 
[40]. Lesions of this and other noradrenergic pathways with 
6-OHDA injections in the pons have been reported to at- 
tenuate morphine-induced CTA [37]. Previous experiments 
have also shown that 6-OHDA lesions of the nucleus accum- 
hens attenuate the development of  a morphine-induced CTA 
to the saccharin [43]. One explanation of these results is that 
the mesolimbic dopamine fibers which synapse in the ac- 
cumbens are involved in the perception of morphine 's  aver- 
sive qualities [43]. The mesolimbic dopamine system has 
been implicated in the psychoactive properties of many 
drugs [50,51]. 

An alternative explanation for the accumbens 6-OHDA 
results is that the aversive information about morphine is 
transmitted to the ventral midbrain, and then on to the vis- 
ceral cortex via the mesocortical dopaminergic fibers, some 
of which pass through the medial edge of the nucleus accum- 
hens [3,41]. Disruption of the morphine-induced CTA would 
then be possible because of the destruction of these fibers of 
passage by 6-OHDA lesion of the accumbens. CTA experi- 
ments utilizing fiber sparing ibotenic acid lesions of the nu- 
cleus accumbens would aid in distinguishing between these 
interpretations. A lack of  effect of these cell body specific 
lesions on morphine-induced CTA would support the sug- 
gestion that the mesocortical dopamine pathway carries in- 
formation about morphine 's  aversiveness directly from the 
midbrain to the visceral cortex. Recent anatomical evidence 
showing that many of the dopamine fibers projecting to the 
visceral cortex take an alternate lateral route over the optic 
tract [9] suggests that the transfer of information about mor- 
phine (through the nucleus accumbens to the visceral cortex) 
may be a multisynaptic process. 

From the results of the present experiments we speculate 
that it is at the point of the visceral cortex where the taste 
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in fo rmat ion  and  the  ave r s ive  in fo rma t ion  a b o u t  m o r p h i n e  are 
assoc ia ted .  The  p a t h w a y s  ca r ry ing  tas te  in fo rmat ion  and a- 
ve rs ive  opia te  in fo rmat ion  are also ana tomica l ly  close to- 
ge the r  at  the  level  of  the  nuc l eus  of  the  sol i tary t rac t  and  
poss ib ly  the  pa rab rach i a l  nucle i ,  and  some assoc ia t ion  of  
in fo rmat ion  may  take  place at  lower  levels  as well. The  
as soc ia t ion  mus t ,  of  course ,  be r e m e m b e r e d  by  the  rat  and  
Utilized on  fu ture  o c c a s i o n s  to re jec t  the  cond i t ioned  so lu t ion  
upon  tas t ing  it. H e n c e ,  the  v iscera l  co r t ex  may  be  crucial  for  
s torage of  the m e m o r y  tha t  the novel  tas te  is l inked to the 
ave r s ive  p roper t i e s  o f  morph ine .  Pe rhaps  the  assoc ia t ive  in- 
f o rma t ion  a b o u t  the  t as te  of  s accha r in  and  m o r p h i n e ' s  aver-  
s ive qual i t ies  are re layed  to the  nuc l eus  of  the soli tary t rac t  
or  the  pa rab rach ia l  nuclei  for  c o m p a r i s o n  wi th  s u b s e q u e n t  
t a s tes  via the  d i rec t  p ro j ec t ions  f rom the  v iscera l  cor tex  to 
the nuc leus  o f  the sol i tary t rac t  and  pa rab rach ia l  nuclei  [45]. 

Clear ly ,  the specu la t ions  p r e sen t ed  on  the s t ruc tu res  in- 
vo lved  in pe rcep t ion  of  the  ave r s ive  a spec t s  of  m o r p h i n e  and  
the i r  a ssoc ia t ion  wi th  t a s t e s  are incomple te .  If  ou r  a s sump-  
t ion is co r r ec t  tha t  the  v iscera l  co r t ex  lesion only  affects  the  
a s soc ia t ion  of  the  ave r s ive  qual i t ies  of  morph ine  and  tas te ,  
t hen  it still r ema ins  to desc r ibe  the  res t  of  s t ruc tu re s  invo lved  
in the  acquis i t ion  of  CTA.  Fo r  example ,  ex t ens ive  work  on  
the  neura l  m e c h a n i s m s  of  CT A  has  impl ica ted  the amygda l a  
as i m p o r t a n t  in a t t ach ing  mot iva t iona l  s ignif icance to t as tes  
[11, 26, 33]. A comple t e  desc r ip t ion  of  the  s t ruc tu res  in- 
vo lved  in the pe rcep t ion  of  the  ave r s ive  qual i t ies  of  mor-  

ph ine  is also lacking a l t hough  the  r ecep to r  popu la t ion  and  
the  init ial  p a t h w a y s  n o w  seem c lear  [2]. G iven  tha t  the  vis- 
cera l  co r t ex  les ions  specif ical ly d i s rup t  m o r p h i n e - i n d u c e d  
CTA,  it is imposs ib le  at  this  t ime  to p rov ide  a s t ra ightfor-  
ward  genera l  exp l ana t ion  of  the  neura l  m e c h a n i s m s  under ly-  
ing the  C T A ' s  induced  by all p s y c h o a c t i v e  drugs.  

To summar ize ,  the  v i scera l  co r t ex  appea r s  to be  cri t ical  
for  the  e s t a b l i s h m e n t  of  a m o r p h i n e - i n d u c e d  CTA.  It  r ema ins  
unc lea r  w h e t h e r  this  effect  is due to a dec rea se  in the per- 
cep t ion  of  the ave r s ive  qual i t ies  of  m o r p h i n e  or  w h e t h e r  it is 
due to the  d i s rup t ion  of  the  assoc ia t ion  of  these  qual i t ies  wi th  
tas te .  The  v iscera l  cor tex  appea r s  to play no role in the  
assoc ia t ion  of  any cond i t i oned  s t imuli  wi th  the  ave r s ive  ef- 
fects  of  LiCI no r  in the  assoc ia t ion  of  s enso ry  s t imuli  wi th  
the pos i t ive  re inforc ing  p rope r t i e s  of  morph ine .  These  re- 
sults p rov ide  an ana tomica l  d i ssoc ia t ion  of  m o r p h i n e ' s  posi- 
t ive and  nega t ive  mot iva t iona l  p roper t i e s ,  and  p rov ide  a lead 
into the  p rob lem of  the  different ia l  associabi l i ty  of  these  
mot iva t iona l  e f fec ts  wi th  s t imuli  f rom different  sensory  mo- 
dali t ies.  
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