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VAN WlMERSMA GREIDANUS, T. B., G. CROISET, E. BAKKER AND H. BOUMAN. Amygdaloid lesions block the 
effect of neuropeptides (vasopressin, ACTH4_m) on avoidance behavior. PHYSIOL. BEHAV. 22(2) 291-295, 1979.- 
Lesions in the amygdaloid complex result in an increased activity of rats in open field behavior in that generally more 
exploration and rearing is observed as compared with sham-operated animals. No effect of the lesion was observed on 
acquisition and extinction of an active avoidance response, but the amygdala lesions block the inhibitory effect of the 
neuropeptides vasopressin and ACTH4_~,, on extinction of a conditioned avoidance response. 

Amygdaloid complex Avoidance behavior ACTH4 to Vasopressin 

PEPTIDES from pituitary origin such as the posterior lobe- 
principle vasopressin and the intermediate or anterior lobe 
hormones ACTH and MSH affect behavior by a direct action 
on the central nervous system (CNS) and are designated as 
neuropeptides. Vasopressin is known to affect several types 
of behavior such as active [38,47] and passive [1] avoidance 
behavior, approach behavior [3], self-administration [26], 
etc.,  and generally these effects are of long term nature. With 
respect to these effects vasopressin is supposed to affect 
memory processes [41,46] and by use of  specific antisera 
evidence has been obtained that vasopressin is essentially 
involved in consolidation or storage processes as well as in 
processes related to the retrieval of stored information [45]. 
ACTH, MSH and the behaviorally active fragments of the 
ACTH family such as A C T H H o  and ACTH4_~o influence 
motivational processes [39], attention or vigilance [30,32]. 
These peptides are supposed to be involved in retrieval 
rather than in storage processes.  They affect active and pas- 
sive avoidance behavior [39,42], reversal learning perform- 
ance [31], approach behavior, conditioned taste aversion 
[28], sexual excitement, etc. ,  and generally these effects are 
of short term nature. 

Searching for the CNS sites of  action of these neuropep- 
tides in relation to avoidance behavior several brain areas 
appear to be involved in their inhibitory effects on extinction 
of  an active avoidance response. Implantation studies point 
to the posterior thalamic area including the parafascicular 
nuclei as a site of  action of  ACTH [43] as well as vasopressin 
[47]. Lesion studies however indicated that this parafascicu- 
lar area is less essential for vasopressin in relation to its 
inhibitory effect on avoidance extinction than for ACTH4_., 
[48]. Subsequent experiments in which additional limbic 
structures were destroyed such as the rostral septal area 
[42,49] and the dorsal hippocampal complex [44] revealed 

that these structures are important for the behavioral effects 
of vasopressin and ACTH4-1o. From these data it has been 
suggested that the limbic system needs to be intact in order 
to allow the neuropeptides vasopressin and ACTH4-10 to 
display their inhibitory action on active avoidance extinc- 
tion. 

Since the amygdaloid complex is an essential part of the 
limbic system the present study was performed in which the 
effects of the behaviorally active vasopressin analogue 
desglycinamide-lysine-8-vasopressin (DG-LVP) [40] and of 
ACTH4_,, on extinction of an active avoidance response 
were studied in animals with lesions in the amygdala nuclei. 
In addition the effect of the amygdaloid lesion itself was 
studied on exploratory behavior. 

METHOD 

Animals 

Male rats of an inbred Wistar strain weighing 130-150 g 
were used for the experiments.  Stereotaxic lesions were 
made bilaterally in the amygdaloid complex using radiofre- 
quency lesioning. The procedure in the sham-operated rats 
was identical to that in the amygdaloid lesioned animals ex- 
cept for the current. In the lesioned rats bilateral electrolytic 
lesions were placed in the baso-lateral amygdala by passing a 
2 mA anodal current through the uninsulated 0.5 mm tip of  a 
stainless steel electrode for 40 sec. A rectal cathode com- 
pleted the circuit. With the incisor bar  set 5 mm above the 
interaural plane and using bregma at the zero point, the fol- 
lowing coordinates were employed: posterior -1.0 ram, lat- 
eral 4.7 mm and ventral -8.5 mm. 

Procedure 

After recovery from the operation, which usually took 
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FIG. 1. Schematic representation of bilateral amygdaloid lesions. 
The shaded area shows the maximum extent of the lesion, the dark 
area represents the area that was destroyed in all animals. CAI 
capsula interna; CC crus cerebri; CP nucleus caudatus putamen; 
FMP fasciculus medialis prosencephali; VL ventrieulus lateralis (see 

also Krnig and Ktippel, [19]. 

4-6 days, lesioned and sham-lesioned animals were observed 
for exploratory behavior during 3 min session on 4 consecu- 
tive days in a circular open field (dia. 82.5 cm). The open 
field was illuminated by a 100 W bulb, attached 75 cm above 
the field center [36]. Ambulation was measured by counting 
the number of floor units entered by the animal during the 3 
min session, in addition the frequency of  rearing wall, rear- 
ing free and grooming was scored as well as the number of 
boluses produced during the observation period. 

Other groups of  lesioned and sham-operated animals were 
trained to acquire a pole-jumping avoidance response during 

4 days. Ten trials were given each day with a mean inter-trial 
interval of 60 sec (ranging from 20--100 sec). On Days 5, 6 
and 8 exinction sessions of 10 trials each were run during 
which shock was not applied anymore 148]. Immediately 
after the first extinction session on Day 5 animals were in- 
jected SC with either 0.5 ml saline or DG-LVP. In sham- 
operated animals 3 p~g DG-LVP was injected whereas in 
lesioned animals doses up to 5/zg of this peptide were ad- 
ministered: the effect of this treatment was studied 4 hr later 
in a second extinction session on Day 5 and in extinction 
sessions on Day 6 and 8. In a second series of experiments 
the same procedure was used, but this time the lesioned or 
sham-operated animals were injected 1 hr prior to each ex- 
tinction session on Day 5 and 6 with either saline or 3 p~g 
ACTH4 ,, (sham-operated animals) or 9 ~g ACTH~ m,, 
(amygdala lesioned rats) [44,48]. 

After termination of the experiments,  the localization and 
size of the lesions were determined by histological examina- 
tion of 100/z sections of the brain of lesioned animals follow- 
ing thionine staining. Only the data obtained from animals in 
which the lesions had destroyed extensive parts of the 
amygdaloid complex bilaterally, were included (Fig. 1). 
Statistical analysis was performed using the Kruskal-Wallis 
test or the U test of Mann-Whitney, respectively [33]. 

RESULTS 

Lesions 

The extensiveness of the lesions is depicted in Fig. 1. In 
general the central and basolateral parts of  the amygdaloid 
complex were destroyed at either site and the lesions ex- 
tended from A 3800/x to A 5200/~ according to K6nig and 
Klippel [191. 

Open Field Behavior 

Animals bearing lesions in the amygdala generally display 
a higher level of activity which is observed in particular in 
the frequency of  crossings (ambulation) and of rearing wall 
(Table 1, Part A). Sometimes this difference is not present 
during the first days of  observation but appears during the 
sessions held at Day 3 and 4 (Table 1, Part B). No differences 
were observed in the frequencies of free rearing and of 
grooming and in the number of boluses. 

Conditioned Avoidance Behavior 

Lesions in the amygdaloid complex did not affect the ac- 
quisition or extinction of the pole jumping avoidance re- 
sponse, but they block the inhibitory influence of the 
neuropeptides on extinction of the conditioned avoidance 
response (CAR). 

A single injection of  3 p.g DG-LVP induced a marked 
inhibition of extinction in sham operated animals, whereas 
no effect of 5 /xg of  this peptide could be observed in rats 
bearing amygdaloid lesions (Fig. 2). Daily injections of 3/xg 
ACTH4 ~o prior to each extinction session resulted in an in- 
hibition of extinction of the CAR in sham operated rats, 
whereas treatment with even higher doses (9/zg ACTH4_,,) 
was completely ineffective in animals with lesions in the 
amygdala (Fig. 3). 

DISCUSSION 

The present results from the open field experiment are in 



A M Y G D A L A ,  N E U R O P E P T I D E S  A N D  A V O I D A N C E  

T A B L E  1 

293 

Day Ambulation Rearing Wall Rearing Free Grooming Boluses 

Part A 
I (11) 84.2 ± 7.9 13.4 ± 1.3 9.3 ± 1.8 3.9 ± 0.7 3.0 ± 0.5 Lesion 

(7) 60.1 ± 5.7 12.1 ± 1.6 5.0 ± 1.8 3.0 ± 0.5 4.6 ± 0.5 Sham 

II 67.2 _+ 7.6 8.6 ± 1.2 4.4 _+ 1.1 4.1 ± 0.6 1.4 ± 0.5 Lesion 

39.4 _ 8.9 4.0 ± 1.0 2.3 --- 1.2 6.1 ± 1.3 2.9 - 1.1 Sham 

III 63.9 _+ 7.6 8.6 ± 1.1 2.4 ± 1.2 4.4 --- 0.6 3.0 ± 1.0 Lesion 

40.4 _ 9.3 2.1 ± 0.9 1.4 --- 0.7 5.1 --- 1.1 3.9 --- 1.5 Sham 

IV 71.7 ± 8.9 7.4 - 0.5 4.3 ± 1.5 4.8 ± 0.5 1.7 - 0.8 Lesion 

33.4 ___ 6.9 2.9 --- 1.4 0.6 ± 1.5 3.9 ± 1.1 2.9 --- 0.9 Sham 

Part B 
I (13) 63.5 _ 3.3 11.3 --- 0.6 6.8 -*- 1.1 4.5 --- 0.4 5.5 ± 0.6 Lesion 

(6) 74.3 ± 5.1 12.8 ± 0.5 8.8 ± 2.2 3.2 --- 0.4 3.7 --- 1.4 Sham 

II 62.8 ± 3.6 7.2 --- 0.8 4.7 ± 1.2 4.6 --- 0.7 3.9 ± 1.0 Lesion 

63.8 ± 7.3 6.3 ± 1.7 6.0 ± 2.6 5.7 ± 1.6 3.8 ± 0.6 Sham 

III 55.2 ± 4.6 6.5 --- 1.7 4.1 ± 0.9 3.8 --- 0.7 2.6 --- 0.7 Lesion 

51.2 __. 6.4 3.8 - 0.8 3.8 --- 1.2 6.0 --- 1.4 2.5 ± 1.0 Sham 

IV 54,8 __ 6.0 6.2 --- 0.9 2.2 - 0.8 4.5 - 0.8 1.8 -- 0.7 Lesion 

38,7 ± 5.2 3.0 _+ 0.7 1.5 ± 0.8 5.2 -- 1.0 3.0 ± 1.1 Sham 

( ) number of animals per group. 
*p<0.05. 
Frequency of crossings (ambulation), rearing wall, rearing free and grooming and number of boluses 

scored during 3 rain sessions in an open field during 4 consecutive days in rats with lesions in the amygdala 
and in sham operated animals. Parts A and B summarize the data of two different experiments which were 
performed in a similar way. 

good  a g r e e m e n t  wi th  those  ob ta ined  by  S lo tn ick  [34] and  
C o o v e r  et al. [6], who  genera l ly  r epo r t ed  less immobi l i ty  in 
an  o p e n  field, p r o b a b l y  due to a r educ t ion  in the  a rousa l  of  
fear  [2, 6, 34, 35]. 

H o w e v e r  the  major  f inding of  the  p r e s e n t  e x p e r i m e n t s  is 
the  obse rva t i on  tha t  amygda lo id  les ions  b lock  the  inh ib i to ry  
effect  of  the  n e u r o p e p t i d e s  D G - L V P  and  ACTH4_I0 on  ex- 
t inct ion o f  an  ac t ive  avo idance  re sponse .  

The  amygda lo id  com pl ex  is par t  of  the  l imbic sys t em and  
is k n o w n  to p lay  a role  in severa l  types  o f  behav io r .  Amyg-  
daloid damage  has  b e e n  s h o w n  to in ter fere  wi th  r e s p o n s e  
suppres s ion  [25], to p r e v e n t  the  fo rma t ion  o f  induced  t a s t e  
ave r s ion  [16, 21, 24], to  a t t e n u a t e  emo t iona l  and /o r  emo-  
t ional  r eac t ions  in a n u m b e r  of  s i tua t ions  [8, 11, 15], to el imi- 
na te  se l f -puni t ive  b e h a v i o r  [27], to p r oduce  s ignif icant  learn-  
ing defici ts  for  pass ive  a v o i d a n c e  cond i t ion ing  [34] and  to 
induce  an  inc rease  in sniffing, rear ing  and  exp lo ra t ion  [6,37]. 

M o r e o v e r  the  a m y g d a l a  con t r i bu t e s  to  m e c h a n i s m s  invo lved  
in r a t ' s  m o u s e  killing b e h a v i o r  [ 14]. Bu t  conf l ic t ing  da ta  exis t  
in l i te ra ture  on  the  behav io ra l  effects  o f  amygda lo id  les ions  
wi th  r e spec t  to  a v o i d a n c e  learn ing  s ince  R o b i n s o n  [29] re- 
po r t ed  an impa i red  acquis i t ion  o f  a v o i d a n c e  b e h a v i o r  in 
amygda lo id  les ioned  rats ,  wh ich  was con f i rmed  by  H o r v a t h  
[12], G o d d a r d  [8], M c K e w  et al. [22], C o o v e r  et al. [6] and  
Mol ino  [23], whe rea s  K e m b l e  and  Tapp  [17] and  King  [18] 
could  not  o b s e r v e  a d i s t u rbance  in ac t ive  a v o i d a n c e  b e h a v i o r  
o f  ra ts  fol lowing a m y g d a l e c t o m y  and  G r o s s m a n  [10] suggests  
tha t  les ions  in each  of  the  6 ma jo r  subd iv i s ions  o f  the  amyg-  
daloid complex  induce  fac i l i ta tory  effects  on  ac t ive  
avo idance  behav io r .  Bes ides  chol inerg ic  c o m p o n e n t s  of  the  
amygdalo id  complex  m a y  be  invo lved  in the  med ia t ion  o f  
e s c a p e - a v o i d a n c e  b e h a v i o r  [9], w h e r e a s  a role for  an  amyg-  
dala  /3-adrenergic s y s t e m  in m e m o r y  p r o c e s s e s  ha s  b e e n  
sugges ted  as well  [7]. 
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FIG. 2. Effect of DG-LVP on extinction of a pole jumping avoidance 
response in rats with lesions in the amygdaJoid complex and in sham 

operated animals. 

Explanation for these discrepancies may be found in 
damage of additional structures in the different experiments, 
such as interference with transversing fibers tracts, differ- 
ences in the behavioral situations used by the various 
authors, etc. 

In addition to the important role of the antero-dorsal hip- 
pocampus [44], of the septal region [42,49] and of the 
parafascicular area [43, 47, 48] in the effect of vasopressin 
and ACTH on avoidance extinction we now report an essen- 
tial function of the amygdaloid complex in this respect. This 
does not necessarily mean that the amygdaloid complex is 
the site of action of these neuropeptides in relation to 
avoidance behavior. It may be that this part of the limbic 
system needs to be intact in order to allow the neuropeptides 
to display their behavioral effect, or more generally, that the 
limbic brain, where emotions are situated, needs to be intact 
to permit the neuropeptides to affect emotional or fear moti- 
vated behavior. 

In this respect it is worthwhile to note that recent obser- 
vations point to several brain structures containing vaso- 
pressin like material. These studies indicate that, among 
others, limbic system structures such as the septum, the dor- 
sal hippocampal region, the parafascicular area and the 
amygdaloid complex contain amounts of vasopressin which 
are significantly higher than other brain regions such as the 
thalamus or the cortex (Dogterom, personal communica- 
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FIG. 3. Effect of ACTH4., on extinction of a pole jumping 
avoidance response in rats with lesions in the amygdaloid complex 

and in sham operated rats. 

tion). In addition vasopressin-neurophysin containing 
neurones have been described in these structures [4, 5, 20]. 

In conclusion it can be stated that the amygdaloid com- 
plex is one of the brain areas which seem to play an impor- 
tant role in the brain modulating effects of neuropeptides 
such as vasopressin and ACTH which are reflected in 
changes in avoidance behavior. 
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