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(;RUPP, L. A., M. A. LINSEMAN AND H. CAPPELL. Effects of amygdala lesions on the taste aversions produced by 
amphetamine and LiCl. PHARMAC. BIOCHEM. BEItAV. 4(5) 541-544,  1976. - Rats which sustained bilateral damage to 
the amygdala were treated with one of two diversely acting agents (either d-amphetamine sulphate 4 mg/kg, or lithium 
chloride 0.24 M) in a taste aversion paradigm. Both groups of animals showed an attenuation of the aversion on the first 
test day after the initial pairing with the drug thus demonstrating that this effect of the lesion was not UCS specific. The 
implication of these findings for the hypothesis concerning the role of the amygdala in taste aversion conditioning is 
discussed. 

Amphetamine l.ithium chloride Taste aversion Amygdala lesions 

WtlEN the ingest ion of  a so lu t ion  wi th  a d is t inc t ive  taste is 
fol lowed by a s tate  of general  malaise induced  by the  
in jec t ion of  a tox in  (e.g., l i th ium chlor ide  [7] or by 
exposure  to X- i r radia t ion  [ 6 ] ,  an imals  qu ick ly  learn to 
avoid c o n s u m i n g  tha t  so lu t ion .  I Iowever ,  it has also been  
d e m o n s t r a t e d  t ha t  such c o n d i t i o n i n g  can be b r o u g h t  a b o u t  
when  psychoac t ive  drugs such as a m p h e t a m i n e  or m o r p h i n e  
at dose levels normal ly  self  admin i s t e r ed  by animals  are 
used as the  u n c o n d i t i o n e d  s t imulus  [ 4 , 5 ] .  It is clear t hen ,  
tha t  while  all these  u n c o n d i t i o n e d  s t imuli  (UCS)  may  differ  
widely in the i r  sys temic  effects ,  t hey  never the less  have 
similar func t iona l  proper t ies .  In recent  years  a n u m b e r  o f  
s tudies  have been  devo ted  to the  u n d e r s t a n d i n g  of  the  
neural  basis of  this gus ta to ry  c o n d i t i o n i n g  p h e n o m e n o n  and 
a wide var ie ty  of  s t ruc tu res  inc lud ing  the  dorsal  h ippo-  
campus  [ 2 ] ,  lateral  h y p o t h a l a m u s  [ 9 ] ,  ven t r om ed i a l  hypo-  
t ha l amus  [10]  and cor tex  [3] have been  impl ica ted .  

in a r a the r  deta i led s tudy  of  tile role of  the basola tera l  
amygdala  in taste aversion cond i t ion ing ,  N a c h m a n  and  Ashe 
[8] have suggested tha t  the  i m p a i r m e n t  tha t  results  f rom 
bilateral  lesions to this  s t ruc tu re  is a resul t  of  the  loss of  an 
"ab i l i ty  to recognize  and  r e spond  to the  s ignif icance or  
mean ing  of  s t imu l i "  [8] p. 640) .  Such a c o n t e n t i o n  implies 
that  regardless of  the  na ture  of  the par t icu lar  UCS used, 
damage to the amygda la  should  resul t  in a decreased 
t endency  to learn an aversion.  A n u m b e r  of  s tudies,  
however ,  suppo r t  tile n o t i o n  that  the  choice of  the  UCS 
itself is an i m p o r t a n t  variable in de te rn f in ing  cer ta in  
features  of  taste aversion cond i t ion ing .  For  example ,  Berger 
et al. [1] s tudied  the ef fec ts  of  area pos t r ema  damage on 
the aversion p roduced  by two diversely ac t ing  agents  
( m e t h y l s c o p o l a m i n e  and  a m p h e t a m i n e )  and f o u n d  that  the 
lesion was effect ive in a t t e n u a t i n g  tile aversion p roduced  by 
the fo rmer  agent but  ineffec t ive  in the case of  the lat ter .  
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Similarly,  Cappel l  et al. [5] in a s tudy  of  the  effects  o f  
chronic  pre-exposure  to the  UCS on the  s u b s e q u e n t  
f o rma t ion  of  a taste aversion found  tha t  while the  previous  
exposure  to a m p h e t a m i n e  was ef fec t ive  in a t t e n u a t i n g  the  
cond i t ion ing  by b o t h  itself  and  by m o r p h i n e ,  pr ior  ex- 
posure to m o r p h i n e  did not  reduce  the  aversion p roduced  
by a m p h e t a m i n e .  Thus  the  ef fec t iveness  of  the p reexposure  
man ipu la t i on  appeared  to be d e p e n d e n t  on the par t icu lar  
UCS involved. 

In light of  these f indings  suppo r t  for  the  hypo thes i s  of  
Nachman  and Ashe could come f rom the  d e m o n s t r a t i o n  
that  the i r  resul ts  using the  sickness induc ing  agent  l i th ium 
chlor ide  as the  UCS could also be had  using an agent  wi th  
very d i f ferent  u n c o n d i t i o n e d  effects.  The fo l lowing ex- 
per iment  was carried ou t  in an a t t e m p t  to examine  this  
possibil i ty.  

METHOD 

Animals 

The  animals  were 98 naive male Wistar rats weighing 
a p p r o x i m a t e l y  3 0 0 - 3 5 0  g at the beg inn ing  of  the ex- 
per iment .  The  an imals  were individual ly  housed  wi th  food  
and wate r  available ad lib pr ior  to surgery.  A 12 hr 
l ight-dark cycle was in effect  t h r o u g h o u t .  

Surgical Procedure 

Ste reo tax ic  surgery was pe r fo rmed  on all an imals  while 
anaes the t i zed  wi th  p e n t o b a r b i t a l  sod ium (50  mg/kg) .  For  
the animals  receiving bi lateral  amygda la  lesions, a n i ch rome  
wire e lec t rode  250 u in dia. and to ta l ly  insula ted  excep t  for 
0.5 mm at the t ip was pos i t ioned  at the coord ina tes  
2.0--2.5 mm pos te r ior  to bregma,  4 .0  5.0 mm lateral to 
e i ther  side of  the midsagi t ta l  su ture  and  9.0 mm below the  
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cort ical  surface. Anoda l  DC cur ren t  of  2 mA was passed for 
20 sec be tween  the t ip of  the e l ec t rode  and  the  ind i f f e ren t  
a t t a ched  to the  an imal ' s  ear. The  an imals  which  served as 
con t ro l s  were t r ea ted  ident ica l ly  to the  e x p e r i m e n t a l  
animals  excep t  tha t  no  cur ren t  was passed ( sham opera ted ) .  

His to logy 

At the conc lus ion  of  the e x p e r i m e n t  all of  the  ex- 
pe r imenta l  an imals  and  a n u m b e r  of  the  con t ro l  animals  
were anaes the t i zed  and per fused  in t racard ia l ly  wi th  i so tonic  
saline fo l lowed by 10% Formal in .  The i r  b ra ins  were 
removed ,  s tored in formal in  and  t hen  frozen sec t ioned  at 
50u,  m o u n t e d  and  s ta ined  wi th  cresyl violet .  The  sec t ions  
were e x a m i n e d  to  d e t e r m i n e  the  locus and  e x t e n t  of  the  
lesion. 
Testing Procedure 

For  3 days fo l lowing surgery all an imals  were given wet  
mash in add i t i on  to the  ad lib food  and  water .  Beginning on 
the f o u r t h  pos topera t ive  day the  wet  mash  and the  ad lib 
wate r  were d i s con t i nued  and  access to fluid was res t r ic ted  
to a 15 min dr ink ing  per iod given at 24 hr intervals .  Dur ing 
this per iod the an imals  were r emoved  f rom the i r  home  
cages, weighed,  and  placed in a d r ink ing  cage which  di f fered 
from the i r  home  cage on ly  in tha t  a 100 ml R ich te r  tube  
was a t t a c h e d  to the  f ron t .  No food  was available in the 
d r ink ing  cage. At  the end  of  the  15 min per iod,  the  a m o u n t  
of fluid c o n s u m e d  was recorded  and the animals  were 
replaced in the i r  h o m e  cages. 

F r o m  the fou r th  to the  n in th  pos topera t ive  day,  the  
R ich te r  tubes  were filled wi th  room t e m p e r a t u r e  tap water :  
this per iod served to adap t  the  an imals  to the  d r ink ing  cage 
and to d r ink ing  f rom the tubes .  On the  t e n t h  pos topera t ive  
day [8] b o t h  the  amygda la  lesioned an imals  and  the sham 
ope ra t ed  an imals  were each r a n d o m l y  divided in to  3 groups  
one of  which  was to receive a series of  4 IP in jec t ions  of a 4 
mg/kg  dose of  d - a m p h e t a m i n e  su lpha te  (1 ml per  1 0 0 g ) ;  
the second ,  a series o f  4 IP in jec t ions  o f  a 0 .24 M so lu t ion  
of l i th ium chlor ide  (12.5 ml per kg);  and  the  third ,  a series 
of 4 IP in jec t ions  of  i so tonic  saline (1 ml per 100 g). Six 
groups  were thus  fo rmed :  (a) G r o u p  LA rats with  
amygdala  lesions in jected wi th  a m p h e t a m i n e  (N = 2 1 ) ( b )  
G r o u p  LL - rats with  amygda la  lesions in jec ted  with 
l i th ium chlor ide  (N = 21) (c) G r o u p  LS rats  wi th  
amygdala  lesions in jected with saline (N = 2 0 ) ( d ) G r o u p  
SA sham rats in jected wi th  a m p h e t a m i n e  (N = 13) (e) 
G r o u p  SL - sham rats in jected wi th  l i th ium chlor ide  (N = 
13) (f)  G r o u p  SS - sham rats  in jec ted  wi th  saline (N = 10). 
All in jec t ions  occur red  on  the  t e n t h ,  t h i r t e e n t h  and  
s ix t een th  pos topera t ive  days and were given 5 rain af te r  the  
animal  had been replaced in his home  cage (i.e. 20 rain af te r  
the beg inn ing  o f  the d r ink ing  per iod) .  It was on these 3 
days as well as on the n i n e t e e n t h  day tha t  a 0.1% sacchar in  
so lu t ion  was subs t i t u t ed  for  lhe  normal  tap wate r  dur ing  
the daily 15 rain d r ink ing  period.  Thus  each group  was 
given four  15 rain exposures  to the sacchar in  so lu t ion ,  the 
first three  of  which were paired wi th  drug or saline 
inject ions.  Each of  these  exposures  or test days  was 
separa ted  by 2 days on which access to no rma l  tap water  
was given. 

RESULTS AND DISCUSSION 

l t is tological  e x a m i n a t i o n  revealed tha t  19 of  the 21 
animals  in G r o u p  l.A, 14 of  tile 21 in G r o u p  L L a n d  14 of  

the 20 in G r o u p  LS sus ta ined extensive  bi la teral  damage to 
the basola tcra l  a n d / o r  media l  nuclei  of  the  amygdala  
w i t h o u t  no t ab ly  enc roach ing  on  ne ighbour ing  s t ruc tures .  
The data  r epor t ed  here are based on the results  o b t a i n e d  
only  f rom these animals.  Figure 1 provides  represen ta t ive  
examples  of  the  lesions. 

(A) 

(B) 

(C) 

FIG. 1. Examples of the amygdala lesion from (,roup LA (A) Grot, p 
EL (B) and Group LS (C). Most of the animals in all three lesion 

groups had sustained similar damage. 

An initial  s ta t is t ical  analysis  revealed tha t  (.;rout~ I.A 
drank s ignif icant ly  more  sacchar in  on tile first test day than 
did tile SA cont ro l  group.  I lowever .  since a similar 
d i f ference  was not  found  in tile compar i son  be tween  the LS 
and l.[. groups  and the i r  sham opera ted  controls ,  it is 
there fore  a t t r i bu t ab l e  to sampl ing error  and not  t¢~ any 
effect  of  the lesion per se on saccharin  intake.  In order  Io 
c o m p e n s a t e  for this, an analysis  of  covar iance  was carried 
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A M P H E T A M I N E  S A L I N E  LITHIUM C H L O R I D E  
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I:IG. 2. Relative amount of saccharin consumed for the 6 groups across the 3 test days. Inserts give the various statistical comparisons done 
between groups and the stars indicate those that attained statistical significance (p<0.01). 

out using the scores of  test Day 1 as the covariate.  This 
analysis revealed a significant effect  o f  the lesion, F(1,76)  = 
19.57, p<0 .001 ,  a significant drug effect ,  F(2 ,76)  = 173.26, 
p<0 .001 ,  a significant effect  of  the condi t ioning trials, 
F(2,153)  = 15.81, p<0 .001 ,  and a significant interact ion 
between drug and condi t ioning trials, F ( 4 , 1 5 3 ) =  15.76, 
p<0 .001 .  The nature of  the lesion effect  was further  
analyzed by making mult iple  comparisons  on the adjusted 
means for the final 3 test days using the Tukey  test. Figure 
2 shows the adjusted mean saccharin intake on the test days 
for all six groups and the various group comparisons which 
at tained statistical significance. 

It is clear from Fig. 2 that both  the amphe tamine  treated 
and lithium chloride treated animals drank significantly less 
saccharin (p<0 .01 )  than the saline treated animals across all 
3 test days. This was true for both  the lesioned and sham 
operated groups (comparisons SA vs SS and L A v s  LS for 
the amphe tamine  animals and SL vs SS and LL vs LS for 
the l i thium chloride treated animals) and demonst ra tes  the 
ability of  both drugs at the doses used, to produce a 
gustatory aversion. The effect  of  the amygdala lesion in 
both drug condi t ions  was to significantly a t tenuate  the 
resulting aversion. Thus on test Day 2 both the LA and LL 
groups drank significantly more (p<0 .01)  of  the saccharin 
solution than did their unlesioned counterpar ts ,  groups SA 

and SL respectively, l towever ,  only for the LA group did 
the a t tenuat ion  persist for the subsequent  2 test days. This 
could, in part,  be due to a difference in tile relative strength 
of the 2 drug doses used and not to an interact ion be tween 
a particular drug and the lesion. For  this reason, no 
inferences about  the differences between the two drug 
groups on test Days 3 and 4 can be made. 

The aim of  this study was to determine  whether  the 
a t tenuat ion in the l i thium chloride induced taste aversion 
brought about  by lesions to the amygdala would also occur  
when a UCS with different  systemic effects  was used. A 
positive answer to this quest ion was considered basic to the 
hypothesis  of  Nachman and Ashe [8] concerning the role 
of the amygdala in taste aversion condi t ioning in view of 
the findings that under some circumstances,  the nature of  
the UCS can be an impor tant  variable in determining the 
strength of  an aversion. The present findings which demon-  
strate an a t tenuat ion by amygdala lesions of an amphet-  
amine induced aversion as well as a l i thium chloride 
induced aversion tend to support  this hypothesis  by 
indicating that regardless of  the particular effects  any one 
UCS may have, the ability of  that substance to produce a 
taste aversion is, in part, dependent  on the normal 
funct ioning of  the amygdala.  
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