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S u m m a r y  

5, 7-Dihydroxytryptamine (10 and 20 #g) was microinjected bilaterally 
into the amygdaloid complex of rats and resulted in 55 % and 80 % 
depletion in 5-hydroxytryptamine concentration, respectively. The lesioned 
animals exhibited fewer dominance behaviours and submitted more often 
to an intruder into their home-cages than did the vehicle-injected controls. 
The lesioned rats were also more submissive than were the controls when 
they were intruding into another rat's territory. Only the higher dose of 
toxin altered social investigatory behaviour when this was measured in an 
arena in which neither rat had established territory. The lesioned rats 
displayed less social interaction and had reduced levels of motor activity. 
The results are compared with those of other studies in which there has 
been regional or general depletion of brain 5-hydroxytryptamine con- 
centration. 

Introductions 

Several sources of evidence support the suggestion of Stein et al. 
(1973) that  a reduction in serotonergic neurotransmission results in 
a reduction in anxiety. Parachlorophenylalanine, an inhibitor of 
5-hydroxytryptamine (5-HT) synthesis, produces an anxiolytic profile 
in several animal tests (Robichaud and Sledge, 1969; Geller and Blum, 
1970; Cook and SepinwalI, 1975; File and Hyde, 1977; File and 
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on a video monitor in an adjacent room. The following behaviours were 
scored as active social interaction: sniffing, following, grooming, kicking, 
boxing or wrestling with, mounting and crawling under or over the partner. 
At the end of the trial, the rats were removed from the arena and the floor 
wiped clean. 

The rats were tested in a randomized order, between 7.30 a.m. and 
11.30 a.m. 

The pairs of rats allocated to the LF test condition were given two 
further tests, on the following two days. On the first day half of the 
lesioned rats and half of the controls were tested 5 rain after an i.p. injection 
of ACTHI_~4 (50#g/kg); the others were tested after a saline injection. 
On the second day, those previously tested with ACTH now received saline, 
and vice versa. 

Half  of the lesioned and control rats from the LU, HF and H U  test 
conditions were singly housed for a further 5 days after the social inter- 
action test. An unoperated intruder rat was then introduced into the home- 
cage of each rat and the interactions that occurred between the two rats 
were scored for 5 min. A different intruder rat was used for each experi- 
mental rat. 

The remaining lesioned and control rats were housed in groups of six 
for 10 days after the social interaction test. They were then introduced as 
intruders into the home-cages of singly-housed unoperated rats, and the 
interactions were scored for 5 min. The unoperated rats had been singly 
housed for 10 days before this test and a different resident rat was used for 
each experimental rat. 

At the end of behavioural testing, the rats were stunned and decapitated 
and their brains rapidly dissected out and frozen. 5-HT concentrations in- 
the amygdala were estimated by the method of Curzon and Green (1970). 
Since 5, 7-DHT is also taken up into noradrenaline-containing neurones, 
noradrenaline concentrations were also estimated, by the method of ]acobs 
et al. (1977). 

Results  

Biochemical Verification of Lesions 

The mean (_-4-S.E.M.) 5 - H T  concentration in the amygdala  of  
the vehicle-injected control rats was 2.36_+ 0.06/~g/g. The data f rom 
any lesioned rat  not showing 50 % depletion were excluded. Table 1 
shows the number  of  pairs of  rats for which scores were included in 
the social interaction test. These lesioned rats had a mean (_+ S.E.M.) 
5 - H T  concentration of 1.07_+ 0.06/~g/g, a 55 % depletion. The neuro- 
toxin injections also resulted in a small depletion (20 % )  in nor- 
adrenaline concentrat ion in the arnygdala. The mean (_+ S.E.M.) con- 
centration in control rats was 1.53_+0.08/zg/g and in lesioned rats 
1.23 + 0.11/~g/g. 
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Social Interaction 

Table 1. Active social interaction scores (in secs) (mean + S.E.M.) for pairs 
of lesioned and control rats tested for 10 rain in four different test 
conditions. Low and high refer to the light levels in the test arena and 

familiar~unfamiliar to the rat's familiarity with the test arena 

Low High 

Familiar Unfamiliar Familiar Unfamiliar 

Lesioned rats 
Active social 

interaction 245--_34.5 210___23.5 133__24 .2  91+_19.1 
Number of pairs 

tested 6 4 6 5 

Vehicle-injected controls 

Active social 
interaction 224+34.2 215_+28.8  122+_29.5  83+_19.0 

Number of pairs 
tested 6 5 6 4 

Table 1 shows the mean time spent in active social interaction by 
the pairs of lesioned and vehicle-injected control rats tested in the 
4 test conditions. It can be seen from this table that the lesion did 
not alter the amount of social interaction in any of the test conditions. 
The level of motor activity was also unaffected by the lesion, with the 
control animals having a mean (• S.E.M.) score of 458.1 • 34.2 and 
the lesioned rats a score of 490.9 • 34.6. 

The control rats that were given two further tests in the low light, 
familiar condition had a mean score of 331 sec aider a saline injection 
and this was significantly reduced to a mean of 226 sec a~er 50/~g/kg 
of ACTH (t (5) = 2.97, p < 0.025). The lesoned rats showed a 
similar reduction in their social interaction scores when given ACTH, 
from a mean of 294 to 208 sec (t (5) = 2.7, p < 0.025). 

Home-cage Aggression 

Table 2 a shows the mean incidence of each type of interaction 
that took place between lesioned rats and unoperated intruders placed 
in the home-cages; and the interactions between vehicle-injected con- 
trol rats and unoperated intruder rats. The lesioned and control rats 
did not differ in the total number of interactions that took place with 
the intruder. The intruders sniffed the lesioned rats significantly more 
(6.7 times more, see Table 2) than they sniffed the control rats. The 
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lesioned rats in turn groomed, jumped, kicked and stood on the 
intruder less (half as much, see Table 2) than did the controls and 
submitted more often to the intruder than did the control rats. The 
lesioned rats, therefore, showed a reduction of dominance behaviours 
when faced with a home-cage intruder. 

Table 2 b shows the mean incidence of each type of interaction 
that  took place when lesioned and vehicle-injected control rats were 
introduced as intruders into the home-cages of unoperated resident 
rats. The lesioned rats showed significantly more defensive behaviours 
- - box ing  and submitting. 

E x p e r i m e n t  2 

Methods  

Animals and Surgery 

These were similar to those for Experiment 1 but a higher dose of toxin 
was injected, 20 #g bilaterally in a volume of 5 #I. This high dose was 
chosen to ensure a major degree of 5-HT depletion, since the lower dose had 
only produced a 55 ~ depletion of amygdaloid 5-HT concentration. 
Control rats received equal-volume injections of vehicle. 

In order to assess the extent of any damage resulting from the neuro- 
toxin injections, rats were injected either with 5, 7-DHT (20 #g bilaterally) 
or with vehicle. Two weeks after injection, the animals were anaesthetized 
and perfused with formol saline. The brains were removed and serial 
sections taken of the amygdaloid nuclei were stained with cresyl violet 
(1%).  

Apparatus 

As for Experiment 1. 

Procedure 

Within each group (lesioned rats or vehicle-injected controls), rats were 
randomly allocated to two light levels: low and high. They were allocated 
to test partners on the basis of weight. 

On the first test day all rats were unfamiliar with the test arena. Each 
pair was observed and scored for 10 min, as in Experiment 1. The next day 
each rat was placed singly in the test arena for a 10-rain familiarization 
period. The following day every pair of rats was given a second social 
interaction test. 

At the end of behavioural testing, the rats were killed and their brains 
dissected out and assayed, as in Experiment 1. 
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Results  

Biochemical Verification of Lesions 

The 5-HT concentration (mean _4- S.E.M.) in the amygdala of the 
lesioned rats was 0.53_+ 0.06 #g/g, representing an 80 % depletion. 
The noradrenaline concentration was depleted by 29 %. Five pairs 
of lesioned rats were tested in the low light condition, and 6 pairs in 
the high light. Six pairs of vehicle-injected controls were tested in 
each light condition. 

Histological Evidence 

Careful examination of the amygdala from control and lesioned 
rats showed little non-specific damage deriving from the toxin 
injection. 

Social Interaction 

Fig. I shows mean social interaction scores for lesioned and 
control rats, tested under low or high light. Lesioned rats showed 
significantly less social interaction than controls (F [1, 19] = 4.94, 
p < 0.05). All animals manifested significantly more interaction when 
they were familiar with the test arena (F [1, !9] = 24.5, p < 0.001) 
and under low rather than high light (F [1, 19] = 11.5, p <~ 0.005). 
The lesion • light and lesion X drug interactions were not significant, 
i.e. lesioned rats were as responsive as controls to changes in test 
conditions. 
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Fig. 1. Mean time (secs) spent in active social interaction by pairs of rats tested 
under low and high light level. Each pair of rats was tested when it was unfamiliar 
with the test arena and then retested aRer a further 10-min familiarization period. 

5, 7-DHT lesioned rats (([D O ) ,  vehicle-injected controls ( 0  ~ O )  
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As well as having reduced social interaction scores, the lesioned 
rats also showed significantly reduced motor activity (mean • S.E.M.) 
compared with controls (459.5 _+_ 44.9 vs. 586.5 • 26.7, t [22] = 2.44, 
p < 0.05). 

Discuss ion  

Compared with controls, rats that received the high dose of 
toxin showed significantly less social interaction and had reduced 
motor activity in the social interaction test. This finding is similar 
to the pattern of results previously observed after acute administration 
of benzodiazepines (File, 1978) or after joint lesions of the dorsal and 
median raph~ nuclei resulting in 90 % depletion of forebrain 5-HT 
(File and Deakin, 1980). However, the data contrast with the 
"anxiolytic" profile seen a~er treatment with parachlorophenylalanine 
(File and Hyde, 1977) and after chronic administration of benzo- 
diazepines (File and Hyde, 1978), where there is no hypoactivity and 
social interaction scores remain high throughout all the test conditions. 
We think it unlikely that depletion in amygdaloid noradrenaline con- 
centration is responsible for the behavioural changes found in the 
present study because the change was only small and there was no 
difference between low and high toxin-treated animals, whereas the 
behaviour of these two groups was different. Also, there was no 
evidence, from light microscopic examination of the lesion site, of 
non-specific damage. However, any relationship between 5-HT and 
anxiety reduction is clearly a complex one and depends on extent 
and regional distribution of depletion, as well as on possible changes 
in receptor sensitivity. 

ACTH reduced social interaction in both lesioned and control 
animals. Thus, either there were sufficient 5-HT receptors still 
available in the lesioned animals to mediate the behavioural effects of 
ACTH, and/or the amygdala is only one of several sites of action of 
ACTH. 

Although the animals that received the low dose of toxin did not 
differ from controls in the social interaction test, where the behaviour 
is mainly investigatory, they did show differences in the home-cage 
intruder tests where most of the behaviours exhibited are aggressive. 
When the lesioned rats were on their home territory, they exhibited 
fewer dominance behaviours to the intruder and indeed submitted to 
him more often than did the controls. The lesioned rats were also 
more submissive than were the controls when they were intruders 
into another rat's home-cage. This loss of dominance is similar to 
that reported for rhesus monkeys following amygdalectomy (Rosvold 
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et al., 1954) and suggests that a reduction in amygdaloid 5-HT may 
underlie such a change in aggressive behaviour. The roles of specific 
amygdaloid nuclei were not studied in this experiment since it was 
not possible to localize the toxin injections to this extent. The 
investigation of whether 5-HT depletion in particular nuclei will 
produce distinctive changes in aggression behaviour will have to 
await the refinement of existing techniques. But within the raphd 
nuclei, there is evidence that the effects of 5-HT depletion on 
aggressive behaviour depend on the particular regions depleted. Rats 
with 5, 7 -DHT lesions of the median raph~ nucleus showed increases 
in dominance behaviours, those with dorsal raph~ lesions showed a 
decrease in both dominance and submissive behaviours when faced 
with an intruder (File et al., 1979) and those with joint lesions of 
both raph~ nuclei showed no significant changes in home-cage 
aggression (File and Deakin, 1980). 
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