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Effect of Amygdaloid Lesions on 
Ethanol Intake in Rats 
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KOLAKOWSKA. L., C. I,ARUE-ACHAG1OTIS AN D J. LE MAGNEN. I~/~,~t q/'anty,£,daloid le.~iotls on ethamd intake 
in rats. PHARMAC BIOCHEM BEHAV 23(3) 333-338, 1985.--The effect of electrolytic lesions of the amygdala on 
ethanol intake in ethanol na)'ve rats has been studied. Rats with basolatera[ nuclei and lateral nuclei lesions showed a 
reduced neophobic response to an ethanol sohnion. However, the ethanol intake was too small in normal and lesioned rats 
to augment aversion through conditioning. Oral intake of ethanol supplemented by intraperitoneal ethanol injection to 
reach 2 g/kg indeed enhanced the initial sensory aversion to ethanol. This induced aversion was anenuated after busolateral 
lesions. An initial aversion to a mixed ethanol-sucrose solution was abolished after basolateral lesions, while the lateral 
lesions induced an initial preference for this solution. The initial oral intake of ethanol-sucrose in normal rats was again too 
small to induce the conditioned taste aversion (C.T.A.). Despite the high oral intake of this solution, rats with basolateral 
lesions did not show a conditioned aversion while laterally lesioned rats exhibited a strong conditioned aversion to the 
ethanol-sucrose mixture. The results which confirm the suppression of the C.T.A. by basolateral amygdala lesions are 
discussed in relation to the role of toxicophobia in ethanol intake by rats. 

Basolateral and lateral amygdala Ethanol intake Neophobia C.T.A. 

E X P E R I M E N T A L  da ta  suggest  tha t  the s p o n t a n e o u s  low 
in take  of  e thy l -a lcohol  so lu t ions  by rats  is due to two com- 
p l e m e n t a r y  m e c h a n i s m s .  In a cho ice  s i tua t ion b e t w e e n  a low 
c o n c e n t r a t i o n  e thanol  so lu t ion  and water ,  an un lea rned  sen- 
sory  ave r s ion  ana logous  to that  exhib i ted  toward  a b i t te r  
solut ion limits in take  to 1-2 g/kg of  body  weight .  Ol fac tory  
b u l b e c t o m y  modi f ies  the r e s p o n s e  [ 10-201. S w e e t e n i n g  the 
so lu t ion  e n h a n c e s  in take  w i t hou t  de lay  [13, 14, 17]. In 
individual  ra ts  the e thanol  ave r s ion  is cor re la ted  to the aver-  
sive th re sho ld  toward  a b i t te r  qu in ine  solut ion [16]. This  sen- 
sory ave r s ion  is not r eve r sed  but o v e r c o m e  in a single bot t le  
ad lib p r e sen t a t i on  of  the e thanol  solut ion as the only source  
of  fluid. E thano l  intake is also a u g m e n t e d  by food depr iva-  
t ion or  res t r ic t ion  [22-251. H o w e v e r ,  in these  cond i t ions  of  
forced intake,  it was s h o w n  that  the daily in take  does  not 
exceed  6 to 7 g/kg [23], This  limit c o r r e s p o n d s  to the daily 
ox ida t ive  capac i ty  of  e thanol  by rats,  d e t e r m i n e d  to be 300 
mg/hr/kg.  This  limit of  the rate of  intake at the level of  the 
rate of  e l imina t ion  o f  e thano l  f rom the body  has  been  ex- 
pla ined by the o c c u r r e n c e  of  an e thanol  induced  taste  aver-  
sion [15-18].  W h e n  e t h a n o l  c o n s u m p t i o n  c o m e s  to exceed  
its e l imina t ion  f rom the b lood,  the b lood  e thano l  level ,  
t h r o u g h  its acu te  toxic  ac t iv i ty  on the  cen t ra l  n e r v o u s  sys- 
tem ( C . N . S . )  ac t s  as an u n c o n d i t i o n e d  s t imulus  ( U . C . S . )  
to re inforce  the  s enso ry  avers ion .  This  has  been  direct ly  
d e m o n s t r a t e d .  The  in t raper i tonea l  tIP) in ject ion of  e thanol  
( 1.5-2.0 g/kg) like tha t  of  toxic LiC1 salt fo l lowing the free 
in take  of  a sacchar in  solut ion induces  ave r s ion  to the solu- 
tion 12,5]. 

'Requests fl~r reprints should be addressed to J. Le Magnen. 

In rats  this e thanol  induced  avers ion  to sacchar in  is indi- 
vidually cor re la ted  to the ne rvous  sens i t iv i ty  to e thanol ,  as 
tes ted  by mo to r  impa i rmen t  or  h y p o t h e r m i a  unde r  e thanol  
[241. 

In a p rev ious  work,  we have  s h o w n  that  les ions  of  the 
baso la te ra l  nuclei  of  the amygda la  in rats  abo l i shed  the  
neophob ic  r e sponse  to a shor t ly  p resen ted  sacchar ine  solu- 
t ion and  suppres sed  the LiCI induced ave r s ion  [12]. In the  
p resen t  work,  we have  s tudied the cond i t ion ing  of  an en- 
hanced  ave r s ion  to an e thanol  solut ion,  th rough  its post-  
ingest ive  toxic act ivi ty  in normal  and amygda l a  les ioned rats. 
It was an t ic ipa ted  that  the  d i s rup t ion  o f  the tox icophob ic  
cond i t ion ing  by the baso la te ra l  nuclei lesion would lead to a 
sus ta ined  high level of  a c c e p t a n c e  of  an e thanol  solut ion by 
rat  s. 

M E T H O D  

Animals 

Male Wis ta r  ra ts  weighing 250-300 g at the beg inn ing  of  
the expe r imen t  were  used.  They  were individual ly  housed .  
Food  and  wa te r  were  ava i lab le  ad lib pr ior  to surgery.  A 12 
hr l ight-dark cycle was mon i to red  (light 7 a . m . - 7  p.m.).  

SioL, cry Procc¢[tqrc 

Surgery  was pe r fo rmed  unde r  pen toba rb i t a l  anes thes ia .  
Bilateral  e lec t ro ly t ic  les ions  were a imed s te reotaxica l ly  in 
the baso la te ra l  or  lateral nuclei of  the amygda la  using the 
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FIG. 1. Examples of the amygdala lesions from Group ABL (A) and Group AL IB}. 

fol lowing coordinates  [4]: for the basolateral  nucleus (AB): 
A P = 4 . 6  mm anter ior  to the ear bar; L = 5  mm lateral to the 
sagittal sinus; H=7 .35  below the cortical  surface;  for the 
lateral  nucleus (AL): A P = 5 . 4  mm; L=5 .3  mm: H=6 .75  mm. 
Stainless steel e lec t rodes  were  used. They were  isolated ex- 
cept for 0.3 mm at the tip. 

Lesions  were  made by passing a direct anodal  current  of  2 
mA for 30 sec for A B L  and 20 sec for AL.  The indifferent 
e lect rode was a t tached to the tail. 

Histology 
At the end of  the exper iment  animals were anesthet ized 

with pentobarbital  and perfused with physiological saline fl~l- 
lowed by 10c/b Formalin.  The brains were removed  and 
stored in 1(}'~ Formalin for 48 hours and were then cut into 
40 micron coronal  sect ions (on a freezing stage microtome).  
The sections were stained with blue toluidine. Size and lo- 
cal izat ion of  lesions were examined by light microscopy.  

This histological examinat ion revealed that 26 of  the 30 
animals in Group A B L ,  and 24 of  27 in Group AL were 
effect ively lesioned in the basolateral or lateral nuclei of  the 
amygdala  respect ively.  Figure 1 illustrates the well cir- 
cumscr ibed lesions in the 2 groups:  no over lap exists in these 
selected rats be tween  the 2 types of  lesion. 
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TABLE 1 

PURE ALCOHOL INTAKE (g/kg) IN ETHANOL INJECTED (N~:, ABLy,, AL~:) AND NONINJECTED 
RATS (N, ABL, AL) 

Rats conditioned by oral intake Rats conditioned by oral intake of 
of ethanol ethanol + ethanol injection 

Day N ABL AL N~: ABL~: AL~: 

6 0.89 0.97 0.99 H= 1.12 0.86 0.85 1.00 H= 1.46 
_+0.05 +0.09 _+0.15 n.s. _+0.04 _+0.07 _+0.08 n.s. 

9 1.70 0.96 1.48 H=5.28 0.19 0.50 0.68 H=7.71 
+0.3 _+0.09 _+0.3 n.s. _+0.06 _+0.09 _+0.1 p<0.05 

General L\~pcrimental Procedure 

After surgery rats were given free access to food and 
water for 5-6 days. Then lesioned and normal animals were 
placed on a daily schedule of water drinking. They were 
offered a graded drinking tube from 9 to 9.30 a.m. and from 
4.00 to 6.00 p.m. No food was available during the morning 
session. Baseline water intake during the morning sessions 
was measured for 5 consecutive days. 

On Day 6, conditioning day, rats were offered a novel 
ethanol or ethanol-sucrose solution instead of water during 
the 30 min morning presentation. 

On Days 7 and 8, all rats received water in the morning 
session. 

On Day 9, test day, rats were offered the solution they 
had been given on Day 6. 

From Day 10 to Day 18, rats were maintained on the same 
solution as on Day 6 and 9. 

EXPERIMENT 1 

The effects of amygdala lesions upon the oral intake of an 
ethyl-alcohol solution were studied in the first experiment. 

Twenty-five rats were used and ascribed to I of 3 groups, 
namely, normal (N, n -8 ) ,  basolateral (ABL, n=9) and lat- 
eral (AL, n=8). On Day 6, rats were offered an ethanol solu- 
tion (8% w/v) to drink during the morning session. The test 
procedure from Days 7 to 18 was the same as indicated 
above. 

RESULTS 

Water intake for the 5 consecutive days of control was 
significantly lower in both lesioned groups compared to un- 
operated animals (F(2.22)=11.42, p<0.01: Dunnett test: 
ABL/N: t=4.15, p<0.01: AL/N: t=4.16, p<0.01). 

In the 3 groups, rats receiving ethanol for the first time 
showed a sharp decrease in consumption of fluid as com- 
pared to their own water baseline (N: t=16.07, p<0.01; 
ABL: t -8 .78 ,  p<0.01; AL: t=6.84, p<0.01; Fig. 2). In N, 
ABL and AL groups, the reduction in intake was 8.1 -+0.5 ml, 
4.8_+0.5 ml and 5.2_+0.7 ml respectively. The reductions in 
ABL and AL groups were both significantly lower than in 
normal rats (F(2,22)=8.67, p<0.01; Dunnett test: N/ABL: 
t=3.86, p<0.01; N/AL: t=3.32, p<0.01). Proportionally to 
their lower previous water intake, these reductions are also 
lower than in unoperated controls so that alcohol intake be- 
comes not significantly different in the 3 groups, 
F(2,22)=0.22, n.s. 

On Day 9, ethanol consumption increased in Groups N 

N 

12t 6 o 

ABL 
W 

z_ 

, ,  A I  

C/'I '11111 

8 

6 9 12 15 18 DAYS 

FIG. 2. Ethanol intake (mean_+SEM) on conditioning day (Day 6), 
test day (Day 9) and consecutive days (10-18) compared to water 
baseline (shaded bars) in normal (N), basolateral lesioned (ABL) and 
lateral lesioned (AL) rats. 

and AL (N: t =2.3,p =0.05; AL: t =2.63, 0.01<p<0.05) while 
it did not in Group ABL (t=0.37, n.s.; Fig. 2). However,  
these changes were not significantly different in these 3 
groups, F(2,22)=3.29, n.s. 

Pure alcohol intake (g/kg of body weight) on conditioning 
and test days for these 3 groups is represented in the Table 1. 

Oral intake of alcohol was unchanged for 9 consecutive 
days (from Days 10 to 18) in normal and lesioned animals 
(Fig. 2). Normal rats drank slightly more ethanol than 
lesioned rats. 

EXPERIMENT 2 

The results of the preceding experiment indicated that the 
initial oral intake of 0.89 g/kg, 0.97 g/kg and 0.99 g/kg of pure 
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FIG. 3. Ethanol intake (mean_+SEM) on conditioning day (Day 6), 
test day (Day 9) and consecutive days (10-18) compared to water 
baseline (shaded bars) in ethanol injected normal (N j.), basolateral 
lesioned (ABL~.:) and lateral lesioned (AL~) rats. 

alcohol in N, ABL and AL groups respectively was not suf- 
ficient to reinforce aversion to ethanol through the 
postingestive effect. In the second experiment we have at- 
tempted to establish a conditioned taste aversion to an 
ethanol solution by increasing the postingestive effects 
through pairing oral intake and IP injection of ethanol. 

Twenty-four rats were used (normal: N~:, n=8,  basolat- 
eral: ABL~.:, n=9;  lateral: AL~.:, n=7). Food and water condi- 
tions were identical to those of Experiment 1. After 5 days of 
water presentation (water baseline), rats were offered an 
ethanol solution (8% w/v) to drink on Day 6. Oral intake was 
followed by an IP administration of an ethanol solution ( 10% 
w/v). The dose injected was adjusted to the preceding oral 
intake so as to achieve a total dose of ethanol of 2 g/kg (oral 
intake plus IP injection). The test procedure from Days 7 to 
18 was the same as indicated above. 

R E S U L T S  

Like in Experiment 1, the 3 groups showed a significant 
decrease in consumption of the ethanol solution on Day 6 as 
compared with water baseline (N~.:: t = 16.92, p<0.01; ABL..:: 
t=9.69, p<0.01; AL~:: t=14.67, p<0.01; Fig. 3). Again we 
observed a lower water baseline in lesioned rats 
(F(2,21)=3.99, 0.01<p<0.05: Dunnett test: ABL:/N~.:: 
t=2.49, 0,01<p<0.05; AL~.:/N~:: t=2.39, 0.01<p<0.05). 
However, the relative reductions of alcohol intake in ABL~.: 
(5.3+_0.5 ml) and AL~,: (4.8+_0.3 ml) groups as in Experiment 
1 were less than that of group N~: (7.1+0.4 ml; F(2,21)=6.42, 

p<0.01; Dunnett test: NE/ABL~:: t=2.75, 0.01<p<0.05: 
N~,:/AL~.:: t=3.36, p<0.01). 

The oral intake supplemented by IP ethanol led to a signif- 
icant reduction in intake on test day in the 3 groups (N..:: 
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FIG. 4. Ethanol-sucrose intake (mean-SEMi on conditioning day 
(Day 6), test day (Day 9) and consecutive days (10-18) compared to 
water baseline (shaded bars} in normal (Nm). basolateral Fesioned 
(ABL~) and lateral lesioned (ALO rats. 

t=11.83, p<0.01: ABLe:: t=2.37, p<0.05: AL: t -3 .29 ,  
0.01<p<0.05: Fig. 3). The decrease was 2.5+0.2 ml: 1.1 ~_0.4 
ml; and 1.8+_0.5 ml in groups Nm, ABL~.: and ALl: respec- 
tively. The decrease in ABL~: rats was significantly less than 
in N~: rats (F(2,21)-3.76, 0.01~-p<0.05: Dunnett test: 
t =2.73, 0.01<p<0.05). Groups N~.: and AL~: were not signifi- 
cantly different, t -  1.4, n.s. The intake of pure alcohol on 
conditioning and test days for these 3 groups (N~., ABLe, 
ALK) is represented in Table 1. In this table, it is shown that 
the amounts of pure ethanol drank by lesioned rats on Day 9 
was significantly higher than in unoperated animals 
(ABLI./N~:: U-12 .5 ,  0.01<p<0.05: AL~/N~: U=7.0. 
0.01<p<0.05). 

Normal rats (N~.:) increased their consumption from days 
10 to 13. Like in nonsupplemented animals, the consumption 
of alcohol in Group N~.: was slightly higher than in ABLt and 
ALj. groups. 

E X P E R I M E N T  3 

It has been shown that the lesion of the amygdala at- 
tenuates neophobia to sweet solutions in rats [1, 15, 24]. This 
suggests that intake of a sucrose-ethanol mixture would be 
enhanced in amygdala lesioned rats. The postingestive toxic 
effect of this enhanced voluntary intake might introduce a 
conditioned taste aversion to the ethanol-sucrose solution. 
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Twenty-four rats were used (normal, Ns~:, n=7;  basolat- 
eral, ABL~:, n=8; lateral, AL~:, n=9). On Day 6, rats were 
offered an ethanol solution (8% w/v) mixed with sucrose 
(20% w/v). The test procedure from Days 7 to 18 was the 
same as indicated above. 

RESULTS 

Normal rats (N~.:) drank significantly less ethanol-sucrose 
solution than water (t =9.8, p<0.01, Fig. 4). After basolateral 
nuclei lesion (ABL~:) rats drank slightly more ethanol- 
sucrose solution than water drank, t = 1.72, n.s. In lateral rats 
(AL~0, intake of the ethanol-sucrose solution was signifi- 
cantly higher than their own previous intake of water, 
t =5.92, p<0.01. The amount of pure alcohol drunk with this 
solution was 1.1_+0.2 g/kg (0.5-1.8), 3.3_+0.4 g/kg (2.0-5.5) 
and 4.1-+0.3 g/kg (2.8-5.0) in N~.:, ABL~.: and AL~I.: groups 
respectively. 

During the second presentation of the ethanol-sucrose 
solution, normal rats (N~O showed a significant increase in 
consumption (t =9.41, p<0.01), which was not different from 
water-baseline (t=0.24, n.s., Fig. 4). The mean alcohol in- 
take reached 3+0.3 g/kg (2.1-4.1) on Day 9. In ABL~j rats, 
the ethanol-sucrose intake on Day 9 (9.4 ml) was slightly 
reduced as compared to Day 6 ( 11.6 ml; t = 1.23, n.s.). Alco- 
hol consumption was almost identical: it was 2.7_+0.4 g/kg 
(0.%4.2). Thus, neither normal nor ABL~: rats displayed a 
conditioned taste aversion on test day. 

By contrast in AL~.: rats, the preference for the ethanol- 
sucrose solution manifested on Day 6 disappeared on Day 9. 
On test day, AL~.: rats drank significantly less of an ethanol- 
sucrose solution than on conditioning day, t=6.9, p<0.01, 
and less than water baseline, t =4.61, p<0.01. Alcohol intake 
dropped from 4.1-+0.3 g/kg (2.8-5.0) to 1.3-+0.2 g/kg (0.6- 
3.0) on Day 9. Thus, AL~: rats exhibited a strong con- 
ditioned taste aversion to the ethanol-sucrose solution. 

From Days 10 to 18, the ethanol-sucrose consumption 
was not significantly different from day to day in N~.: group 
(F(6,9)-2,52, n.s., Fig. 4) and was not significantly different 
from water baseline. ABL~j.: rats showed a little increase in 
ethanol-sucrose consumption from Days 10 to 12. From 
Days 11 to 18, their consumption of ethanol-sucrose was 
significantly higher than water-baseline (t values are respec- 
tively for each day: 3.22; 2.82; 3.58: 4.81; 2.30: 3.56: 3.75; 
5.33, p<0.05). AL,~.: rats showed a characteristic behavior 
during consecutive days of ethanol-sucrose presentation, ln- 
take of this solution increased in all animals from Day 9 to 
Day I0. On Day l l. some rats showed a renewed con- 
ditioned aversion by decreasing their consumption of the 
ethanol-sucrose solution. The general tendency is an alter- 
nation between raise and reduction in ethanol-sucrose con- 
sumption. 

DISCUSSION 

In a previous work we have shown that lesioning the 
basolateral nuclei of the amygdala suppressed the neophobic 
response to a saccharin solution while lesions of the lateral 
nuclei of the same structure entirely abolished this response 
to novelty [12]. This is consistent with other studies [1, 3, 7, 
9, 11, 21]. 

The results of Experiment 1 indicate that the initial 
ethanol intake relative to previous water intake of each 
group is larger in basolateral and lateral lesioned rats com- 
pared to intact controls. It is apparent despite the differences 

of water intake between lesioned and unlesioned rats. This 
difference also manifested in the two other experiments, in- 
dicating a tendency of basolateral and lateral lesions of 
amygdala to reduce the overall fluid intake. The relative 
higher intake of ethanol in lesioned rats could be tentatively 
interpreted as the effect of a suppression of the neophobic 
response identical to that observed with saccharin solution. 
However  the maintained low intake of ethanol (relative to 
water) in the two groups of lesioned rats may be interpreted 
as the manifestation not of neophobia but rather of the spon- 
taneous sensory aversion to an ethanol solution. This is 
consistent with published data showing that amygdaloid le- 
sions do not alter a spontaneous sensory aversion such as the 
response to a quinine adulterated fluid [1]. 

Thus the initial response of intact rats to ethanol solution 
would comprise two components, the neophobic response 
added to the spontaneous and persistent aversion, the former 
only being altered by amygdaloid lesions. 

Lesioned and non-lesioned rats did not exhibit a con- 
ditioned taste aversion on test day. This demonstrates that 
the amounts of alcohol consumed (0.89 g/kg; 0.97 g/kg; 0.99 
g/kg in N, ABL and AL groups respectively) were too small 
to induce a conditioned aversion. 

This ethanol induced aversion to an ethanol solution was 
obtained in Experiment 2. It was achieved by making the 
total dose of ethanol high enough: an ethanol injection fol- 
lowed the oral intake so as to make the total dose 2 g/kg. This 
dose was shown to be sufficient in intact rats to reinforce the 
spontaneous taste aversion to an ethanol solution. An en- 
hanced aversion was also observed in lateral lesioned 
animals. By contrast, this acquired aversion was attenuated 
after basolateral nuclei lesions. This result is consistent with 
the attenuation of the LiCI induced saccharin aversion by 
basolateral amygdala lesion previously demonstrated by us 
and other investigators [1]. 

In Experiment 3, we have demonstrated the conditioned 
taste aversion induced by the postingestive effect of the oral 
intake of an ethanol-containing solution, The neophobic re- 
sponse on the first presentations of the ethanol-sucrose mix- 
ture in unlesioned rats did not allow the rats to ingest more 
than 1.3 g/kg alcohol. Again it was observed that the 
postingestive effect of this dose of alcohol did not induce a 
taste aversion. A C.T.A. to a flavored solution, induced by 
the oral ingestion of 1.2 g/kg of alcohol, has been demon- 
strated by Eckard [6]. But, in this case, conditioning was 
achieved by pairing the U.C.S. and C.S. for 4 consecutive 
days. The first pairings failed to produce a significant de- 
crease in the intake of a flavored ethyl solution. This con- 
firms that the one-trial learning of an ethanol aversion, as 
shown in our experiment, can only be obtained with a dose 
higher than 1.3 g/kg. 

In lesioned rats the neophobic response was suppressed 
in ABL~. rats and abolished in ALso: rats, as is the case with 
the saccharin sweet tasting solution. This effect of lesions 
which contrast with the slight effect on a pure ethanol solu- 
tion suggests that the sweet taste of sucrose entirely masks 
the taste of ethanol in the mixture. 

After this suppression of  neophobia due to basolateral 
nuclei lesions and because of the initial preference exhibited 
after lateral nuclei lesions, the initial intake of ethanol- 
sucrose solution in the two lesioned groups was very high (3 
g/kg and 4. I g/kg in ABL~.: and ALso: groups respectively). 
As expected on the basis of a previous experiment, the proc- 
ess of association of postingestive effects with the taste of 
the solution was completely abolished in the basolateral 
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les ioned  rats .  On the con t r a ry ,  a C . T . A .  was  ach i e ve d  in 
la teral ly  les ioned rats .  H o w e v e r ,  in these  an ima l s ,  the in- 
duced  a v e r s i o n  did not  p e r m a n e n t l y  limit the  oral in take of  
a lcohol  and we o b s e r v e d  s u c c e s s i v e  i nc rease s  and  d e c r e a s e s  
in in take  of  the e t h a n o l - s u c r o s e  solut ion.  

T h e s e  da ta  provide  new ev idence  for the  role o f  con-  
d i t ioned tas te  ave r s ion  in the  control  and  the  l imitat ion of  
oral in take o f  e thy l -a lcoho l  so lu t ions  by rats .  The  fact that  

the  basola te ra l  lesion o f  the  a m y g d a l a  impairs  the C .T .A .  
p roc e s s  sugge s t s  that  a high and p rogress ive ly  increas ing  
oral intake o f  e thanol  could  be obta ined  unde r  single bottle 
ad lib cond i t ions  or unde r  food res t r ic t ion [23]. Th i s  
i nduced-h igh  vo lun ta ry  in take of  e thanol  in rats  th rough  the 
s u p p r e s s i o n  of  t o x i c o p h o b i a  could  be used as a model  in 
s tud ies  of  d e p e n d e n c e  and to le rance  acqui red  unde r  chronic  
high oral intake of  e thanol .  
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