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CLARKE. A. AND S. E. FII,E. Seh,t'tive neurotoxin lesions of the lateral septum: ('hang¢'s in sot'ial and aggressive 
hehaviours. PHARMAC. BIOCHEM. BEHAV. 17(41623--628, 1982.--Bilateral microinjection of 5,7-dihydroxytryptamine 
into the lateral septum resulted in a behavioural profile in the Social Interaction test of anxiety similar to that seen after 
chronically-administered benzodiazcpines. In contrast, bilateral microinjection of 6-hydroxydopamine into this locus did 
not alter the profile of rats tested in this model. In a colony-intruder model of aggression, the 5,7-dihydroxytryptamine 
lesioned rats showed decreased dominance, while the 6-hydroxydopamine lesioned rats showed increased dominance and 
reduced subordination. The results suggest that lateral septal 5-hydroxytryptamine, but not catecholamines, is important in 
the control of anxiety, whereas both lateral septal 5-hydroxytryptamine and catecholamines are involved in the control of 
aggression. 

Aggression Anxiety Neurotoxins Septum Social interaction 

DESPITE the volume of work investigating the phar- 
macological effects of anxiolytic drugs such as the benzodi- 
azepines rather fewer studies have been aimed at determin- 
ing the neurochemical basis of anxiety itself. 

Early studies showed that benzodiazepines could reduce 
the turnover of both noradrenaline (NA) and 5-hydroxytrypt- 
amine (5-HT) in several brain regions [12,14J. The extent to 
which the effects of benzodiazepines on NA and 5-HT sys- 
tems contribute to the anxiolytic and sedative effects of 
these drugs has been investigated by Stein, Wise and Berger 
[291. These workers suggested that the sedative effects are 
largely a result of the reduction in the turnover of NA, 
whereas the reduced turnover of 5-HT appears to underlie 
the anxiolytic effects. Several other studies support this 
conclusion. The sedative effect ofoxazepam is reduced after 
chronic administration: the anxiolytic activity is not [241. 
The tolerance to the sedative effects correlates well with 
tolerance to the effects of oxazepam on the turnover of NA, 
whereas the reduction in the turnover of 5-HT persists dur- 
ing chronic administration 1321. 

Consistent with the view that a reduction in the turnover 
of 5-HT might underlie anxiolysis, Tye, Everitt and lversen 
[30] showed that selective lesions of 5-HT-containing 
neurones in the median forebrain bundle could elicit an 
anxiolytic profile in a conflict test. More specifically, selec- 

tive neurotoxin-induced lesions restricted to the dorsal, but 
not median, raphe area produces an anxiolytic profile in the 
Social Interaction test of anxiety [20], whereas large deple- 
tions of central NA produced by injection of 6ohydroxy- 
dopamine (6-OHDA) into the locus coeruleus do not [15,191. 

The limbic system has long been implicated in the control 
of anxiety. Since the ascending monoamine projections l¥om 
the locus coeruleus and the dorsal raphe nucleus innervate 
the lateral septum [4.5, 8], it was decided to investigate the 
effects of selective lesions of monoamine-containing 
neurones in this area on performance in an experimental 
model of anxiety. 

As the septum has been implicated in the control of ag- 
gression (e.g., [2]). the lesioned animals were also tested in a 
colony intruder aggression model. 

METHOD 

Drugs 

5,7-Dihydroxytryptamine creatine sulphate (5,7-DHT), 
6-hydroxydopamine hydrochloride (6-OHDA) and standards 
of 5-hydroxytryptamine creatine sulphate (5-HT), norad- 
renaline hydrochloride (NA) and dopamine hydrochloride 
(DA) were all obtained from Sigma Ltd., London, Des- 
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methylimipramine was supplied by Ciba-Geigy Ltd., Hor- 
sham. 

Apparatus 

The test arena for social interaction was 60×60× 36 cm, 
with wooden walls and floor. Rats in the box were observed 
via a closed-circuit television system, and a measure of lo- 
comotor activity derived from infra-red beams that crossed 
the box. All animals were tested between 0700 and 1130 hr. 
Two levels of  illuminance were used: 338 and 23 scotopic 
lux, for the high and low levels respectively. The aggression 
colony box was made of clear Perspex and had three storeys: 
each was 90x60 cm, the middle and lower storeys were 20 
cm high while the upper floor was 15 cm high. Water was 
available on the upper and lower floors; food was available 
on the upper floor only. Rats in the box had free access to 
each floor. During testing, the light levels (in scotopic lux) 
were as follows: upper 115, middle 41.5 and lower 3.32, The 
animals were tested between 1300 and 1730 hr. The colony of 
rats consisted of 10 animals, was established six months be- 
fore the beginning of these experiments, and had previous 
experience of intruder rats. 

Animals and Surgeo' 

Male hooded rats (Rattus norvegicus) from Olac Ltd., 
Bicester, weighing 100-120 g were anaesthetised with halo- 
thane ( 1% v/v in oxygen) and lesions of both lateral sepia (A 
7.4; L -+ 1, [23]) were induced by three injections of 5,7-DHT 
(0.4/xg in 0.05/,tl) or 6-OHDA (0.4/zg in 0.05 p,1) at levels V 
4.6, 4.2 and 3.8. Three injections of such small volume into 
each locus were made in order to localize the neurotoxins to 
as discrete an area as possible. Injections were delivered 
from a I /zl microsyringe (Hamilton, Nevada #7001): each 
injection was given gradually over 30 sec and the injection 
needle was left in place for 30 sec after the final injection. 
The animals in the 5,7-DHT group were pretreated with des- 
methylimipramine (25 mg/kg,lP) 60 minutes before surgery 
in order to prevent damage to NA-containing fibres [6]. The 
neurotoxins were dissolved in 0.9% (w/v) saline containing I 
mg/ml of ascorbic acid: control animals received equal vol- 
ume injections of vehicle only (as the 5,7-DHT and 6-OHDA 
experiments were performed at different times, there were 
separate controls for the two lesion groups). All animals 
were allowed two weeks postoperative recovery time. Dur- 
ing the second week after surgery, the water consumption of 
all animals was measured, as the increase in aggression seen 
after septal ablations has been reported to be secondary to 
hyperdipsia [21 ]. 

The animals were housed in groups of six in a room main- 
tained at 25°C, in a I1 hr light:f3 hr dark cycle (lights on at 
0700 hr). Food and water were available ad lib. 

Procedure  

Social Interaction test. The animals were singly housed 
for six days prior to testing and were allocated to a partner 
with whom they were to be tested (rats in a pair did not differ 
in weight by more than 10 g). The pairs of animals were 
randomly assigned to be tested in either high or low light: 
there were initially 7 pairs of animals in each test group. On 
the first day of testing, pairs of rats were placed together in 
the test arena (which at this time was unfamiliar to them) in 
the assigned light level, and the time spent in active social 
interaction was scored by two observers who had no knowl- 

edge of either the light level or the lesion-state of the 
animals. The behaviours scored included: sniffing, groom- 
ing, wrestling, following and crawling on or under the part- 
ner. The same afternoon, all rats were placed singly into the 
test box for 7.5 minutes in order to familiarise them, and on 
the second day. pairs of rats were re-tested in the now famil- 
iar arena. Each test lasted 7.5 minutes. At the end of each 
test, boluses were removed, and the test box was wiped with 
detergent then dried. For full details of this method see File 
[171. 

Colony intruder test. On the day after completion of the 
Social Interaction test, all animals (28 lesioned and 28 con- 
trol) were placed singly into the aggression colony in a ran- 
dom order, and the frequency of aggressive encounters with 
the residents scored. This test lasted 5 minutes. 

Behaviours scored included sniffing, grooming, wrestling, 
approaching, and attacking the resident (the total frequency 
of these bchaviours was calculated to give an index of domi- 
nance), being sniffed, being groomed, submitting, squeaking, 
boxing (the total frequency of these behaviours was calcu- 
lated to give an index of subordination). 

After all behavioural testing was complete, six animals 
from each lesion group and each of the control groups were 
randomly chosen, were killed by ccrvical dislocation, and 
their brains rapidly removcd and fixed in 10% Formalin in 
0.9e,4 salinc. Serial lateral sections of fixed brain 30 tzm thick 
were prepared and mounted, and the placements of injection 
sites were inspected. 

The remaining animals were killed by decapitation and 
their brains were quickly removed and frozen. The entire 
septal areas were dissected out, and assayed for either 5-HT 
[161 or NA and DA [28]. The cingulate cortex was chosen as 
a control area to determine whether the neurotoxins had 
leaked into non-septal loci, and thus 5-HT ur catecholamine 
content of the overlying cingulate cortex was also measured. 
Whole septal samples were used in order to provide suffi- 
cient tissue for assay. It is therefore not possible to deter- 
mine the extent of amine depletion within the lateral septum. 
however, as an approximate guide, the lateral scptum con- 
tains about 2(F/~ of total septal 5-HT and NA[  1 1,27]: thus the 
data from rats having greater than 90c/~ of control levels of 
5-HT or NA were discarded. Septal depletions to 909~ of 
control would represent a lateral septal depletion of approx- 
imately 50e/~. 

RESIJIJI~S 

Lesion Pla¢ements 

Inspection of the histological sections revealed that ves- 
tigial traces of the injection needle tract were located, with- 
out exception, in the lateral septum (i.e.. within the lateral 
boundaries described by the anterior horns of the lateral ven- 
tricles and the medial septum, and the rostro-caudal bound- 
aries located at A 7.2 to A 7.8 (Krnig and Klippel, [23]). It 
was assumed therefore that the microinjections into rats 
chosen for biochemical verification of the lesions were lo- 
cated likewise. 

Analysis o f  Results 

The data for the time spent in social interaction and the 
motor activity scores were analysed with three-way split- 
plot analyses of variance with lesion-state and light level as 
the independent factors and familiarity as the repeated 
measure. The water consumption data were analysed with 
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T A B L E  1 

M E A N  I = S .E .M. )  A M I N E  [ . E V E [ . S  (/~g/g W E T  W E I G H T )  IN T H E  
S E P T U M  A N D  C 1 N G U L A T E  C O R T E X  A F T E R  L A T E R A L  S E F I ' A I .  

I N J F C T I O N S  O F  N E U R O T O X I N  O R  V E H I C L E  

5-HT NA DA 

Septum 
Control 

i ,esion 

Cingulate 
Cortex 
Control 

Lesion 

0.85- 0.14 0.83 " 0.07 0.99 t 0.11 
(n:-22) (n 22) 

0.45 -0.007 0.61 ,- 0.09 0.83 ± 0.10 
In= 19) (n=22) 

0.17 .,. 0.02 0.13 ~ 0.08 0.26 ± 0.09 
In= 22) (n=22) 

0.18 ± 0.02 0.14 ± 0.08 0.26 y 0.10 
In -  19) (n =22)  

5-HT was measured after injection of 5,7-DHT and the catechol- 
amines were measured after injection of 6-OHDA. 

t- tests ,  and the aggression data were  analysed with Mann- 
Whitney U-tests.  

5.7-1)HT h,sions. In the lesion group,  1 rat from the low 
light and 2 rats from the high light groups failed to show 
reduct ions in septal 5-HT below the 90% of  control  level 
cri terion,  and hence the data  from these animals was ex- 
cluded from further analysis.  The mean (-+ SEM) 5-HT levels 
in the septum and cingulate cor tex  are shown in Table  1. 

The water  consumpt ion  of  lesioned animals did not differ 
significantly from that of  control  animals,  t(30)=0.79. Over-  
all, the t ime spent in act ive social interaction was increased 
in the lesion group,  F(I ,21)=7.7 ,  p<0.01 I. Manipulation of  
the light level did not havc a significant effect on social in- 
teraction.  Overal l ,  increasing familiarity resulted in signifi- 
cantly higher levels o f  social interaction.  F(1,21)=37.7,  
p<0.001 ,  but since in the lesion group the levels  o f  social 
interact ion were high regardless of  the test condit ion,  a sig- 
nificant lesion × familiarity interaction was obtained,  
F( 1,21 )= 13.2. p < 0 . 0 2  (scc Fig. 1 ). The le:don did not affect 
locomotor  activity,  F( 1.2 I) = 1.65. 

Al though the total aggression score of  lesioned rats was 
not significantly different from that of  control  rats, U=46 ,  
the lesion significantly reduced the f requency of  dominance  
behaviours ,  U=33 .  p < 0 . 0 5  [scc Table 2). 

6-OHI)A lesions. All rats in the lesion groups showed 
reduct ions in septal ca techolamines  below the 90% of  control  
levels criteria,  thus it was not necessary to exclude any data. 
The mean (_+SEM) levels of  NA and DA in the septum and 
cingulate cor tex  are shown in Table 1. 

The  lesion did not affect water  consumpt ion ,  t(30)=0.92. 
Overal l ,  the time spent in act ive social interaction was not 
altered by the lesion, F( 1,24)=0.37. Increasing the light level 
or  decreas ing familiarity resulted in overall  decreases  in the 
levels of  social interact ion,  F(I ,24)=16.3 ,  p<0.001 and 
F(1,24)= 144.45. p<0.001 ,  respect ive ly ,  but since the ma- 
nipulation of  the test condi t ions produced equal  changes in 
the levels of  social interact ion in both lesioned and control  
animals,  the lesion × light and lesion × familiarity interac- 
tions did not reach significance.  F( I ,24)=2.70 and 

A 
Ul 

300 
C 
0 

e 
,,,,,,, 
C 

121 

o 200 
O 

C 

C 
IIJ 
e~ 

E 
~_ 100 

L o w  H igh  L o w  H i g h  
F a m i l i a r  U n f a m i l i a r  

FIG. 1. The effects of 5.7-DHT-induced lesions of the lateral septum 
on the mean time spent in social interaction by pairs of male rats. 
The control responses tire shown as solid bars, and the responses of 
lesioned rats as hatched bars. There were 7 pairs of rats in each test 
condition, except the lesion group low and high light rats where 
there were 6 and 5 respectively. 5,7-DHT caused an overall increase 
in the levels of social interaction, F( 1,21)=7.7, p<0.011. 

F(1,24)=0.42, respect ively  (see Fig. 2). Locomoto r  act ivi ty 
was unaffected by the lesion, F(I ,24)=2.76.  

In the aggression colony,  the total f requency of  be- 
haviours  was not altered by the lesion, U=34.5 .  Howeve r ,  
the total f requency of dominance  behaviours  was increased,  
U =  18, p<0 .02 ,  and the total f requency of  subordinat ion be- 
haviours  decreased,  U=22 .5 ,  p<0 .05 .  The latter effect was 
due to significant reduct ions  in the number  of  submissions,  
U =  10, p<0 ,002  and the number  of  squeaks.  U=23 .  p<0 .05  
(see Table  3). 

D I S C U S S I O N  

The results presented  here demons t ra te  that deplet ion of  
lateral septal 5-HT results in a behavioural  profile in the 
Social Interact ion test similar to that seen after chronic  ad- 
ministration of  benzodiazepines .  It is thought,  therefore,  that 
this reflects an anxiolytic action of  this lesion. Although an 
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T A B L E  2 

E F F E C T S  O F  5.7-DHT L E S I O N S  ON THE M E A N  F R E Q U E N C Y  O F  
BEHAVIOURS IN THE AGGRESSION COLONY 

• A/'~, 

A 

Behaviour Control Lesion 
C 
O 

Sniff 1.00 0.30 "-- 
U Anogenital sniff 0.00 0.00 O 

Approach 1.83 I. 10" ~. 
Groom 0.08 0.08 
Wrestle 1.50 1.30 C 
Jump onto 0.00 0.00 
Bite 1.67 1.10 O 
Move between floors 0.92 0.90 u 

O 
Be sniffed 1.50 1.00 
Be anogenitally sniffed 0.08 0.08 t- 
Be groomed 0.17 0.40 " -  
Submit 1.25 1 .iX) c- 
Squeak 3.92 2.60 ~ .  

Total Dominance 5.42 3.70* 

Total Subordinate 7.92 5.50 
I.-..- 

Total Behaviours 13.33 9.20 

OF 

*p<0.05 ,  Mann-Whitney U-tests. 

T A B L E  3 

EFFECTS OF 6-OHDA IJ..SSIONS ON THE MEAN FRFQUENCY 
BEHAVIOURS IN THE AGGRESSION COI.ONY 

Behaviour Control Lesion 

Sniff 0.60 1.20 
Anogenital sniff 0.00 0.10 
Approach 0.70 1.50 
Groom 0.00 0.30 
Wrestle 2.811 3.50 
Jump onto 0.00 0.70 
Move between floors 1.20 0.90 
Box I. I0 1.90 
Be sniffed 2.60 3.10 
Be anogenitally sniffed I).40 0.10 
Be groomed 3.00 2.30 
Submit 3.20 0.60+ 
Squeak 7.10 3.30* 

lo ta l  Dominance 6.30 9.20+ 

Total Subordinate 17.40 11.20" 

Total Behaviours 23.711 20.30 

*p<0.05: +p<0.002. Mann-Whitney U-tests. 

effect  of  the  les ion on  social  in te rac t ion  per  se c a n n o t  be 
exc luded ,  it is t hough t  unl ikely tha t  such  an  exp lana t ion  is 
val id,  s ince  the  changes  in the  levels  of  social  in te rac t ion  
seen  in the  les ioned an imals  were  not  the  same in all test  
cond i t ions .  On the o t h e r  hand ,  dep le t ion  of  septal  N A  and 
DA to an ex t en t  which  was suff ic ient  to affect  aggress ion ,  
did not  a l te r  social in te rac t ion  s ignif icant ly.  

Low High Low High 
Familiar Unfamil iar 

FIG. 2. The effects of 6-OHDA-induced lesions of the lateral septum 
on the mean time spent in social interaction by pairs of male rats. 
The control responses are shown as solid bars. and the responses of 
lesioned rats as hatched bars. There were 7 pairs of rats in each test 
group. There was no significant difference between the control and 
lesioned rats. 

The  resul t s  are in ag reemen t  with  p rev ious  social in terac-  
t ion s tudies  involv ing  neu ro lox in - induced  lesions.  Les ions  in 
the locus coe ru leus  induced  with 6 - O H D A  did not a l te r  the  
behav iou ra l  profile of  rats  t e s ted  in the Social In te rac t ion  
test ,  and  as the s ep tum is a p ro jec t ion  site of  the a scend ing  
m o n o a m i n e  pa thway  or ig inat ing in the locus coeru leus ,  the  
p resen t  resul ts  could  be largely predic ted .  Les ions  of  the  
dorsa l  r aphe  nuc leus ,  induced  with 5 ,7-DHT,  resul t  in an 
anxioly t ic  profile in the Social In te rac t ion  test ,  whe reas  
gross  les ions  of  bo th  dorsa l  and  med ian  raphe  nuclei  resul t  in 
seda t ion  [18]. The  sep tum rece ives  its 5 -HT innerva t ion  
largely f rom the median  raphe ,  but  the lateral sep tum re- 
ce ives  its 5 -HT inne rva t ion  from the dorsal  raphe  [5]. As 
such,  the resul t s  of  the present  s tudy are in ag reemen t  with  
those  of  the p rev ious  s tudy.  

A major  p rob lem of  in t e rp re ta t ion  of  behav ioura l  da ta  
a f te r  neu ro tox in - induced  lesions is of ten e n c o u n t e r e d ,  s ince 
the  degree  of  sp read  of  neu ro tox in  to sites ad jacen t  to the 
locus of  in jec t ion is difficult to es t imate .  Howeve r ,  it is felt 
tha t  in this  s tudy  the spread  of  neu ro tox in  was ex t r eme ly  
small  for th ree  reasons :  (1) The  m o n o a m i n e  as says  of  
parietal  cor tex  showed  no ev idence  of  leakage of  toxins  f rom 
the  lateral  s ep tum to ad jacent  ex t ra -sep ta l  loci, (2) the vol- 
ume  of  micro in jec t ion  was ex t r eme ly  small ,  and (3) the 
neu ro tox in s  would be much  more  likely to diffuse into the 
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cleft  where  the  in jec t ion need le  had res ted ,  and  hence  main-  
tain a Iocal ised depot  of  neu ro tox in ,  r a the r  than  diffuse 
th rough  local t i ssue  to r each  more  distal  si tes.  

It was  the p r imary  ob jec t ive  of  this  s tudy  to inves t iga te  
the  effects  of  se lec t ive  m o n o a m i n e  dep le t ions  in the  lateral  
sep tum on the  behav iou ra l  profile of  ra ts  in mode ls  of  anx-  
iety and  aggress ion .  Thus  neu r o t ox i n s  were  used in prefer-  
ence  to e lec t ro ly t ic  les ioning p rocedures .  F u r t h e r m o r e ,  the  
specif ici ty  of  the two neu ro tox ins  for  n e u r o n e s  con ta in ing  
5-HT or  c a t e c h o l a m i n e s  is well d o c u m e n t e d :  5 ,7 -DHT at the  
c o n c e n t r a t i o n  in jected does  not  affect  c a t e c h o l a m i n e  levels  if 
the  an imal s  are p re t r ea t ed  with d e s m e t h y l i m i p r a m i n e  at the 
dose  used in this  s tudy  [61, and  6 - O H D A  at the  c o n c e n t r a t i o n  
injected does  not affect  5 -HT levels [31]. 

Overa l l ,  t he re fo re ,  the  resul t s  of  this s tudy  cons ide red  in 
conce r t  with  the resul ts  of  the p rev ious  s tudies  involv ing  
n e u r o t o x i n  les ions  and social in te rac t ion  tes ts ,  suggest  that  
the lateral s ep tum may be invo lved  in the cont ro l  of  anxie ty .  
More  specif ical ly ,  septal  5-HT ra the r  than  c a t e c h o l a m i n e s  is 
an impor t an t  t r a n s m i t t e r  involved .  

S ince  the ear ly  repor t s  of  Brady  and N a u t a  [9,10] that  
surgical  les ions  of  the s ep tum resul t  in hyper - reac t iv i ty  or  
" ' septal  rage , "  m u c h  work has  been  pe r fo rmed  in o rde r  to 
fu r the r  inves t iga te  the role of  the sep tum in emot iona l  be- 
hav iour .  

Septal  rage fol lowing ab la t ion  of  the  sep tum is charac-  
ter ised by h y p e r - r e a c t i v e n e s s  to the  e x p e r i m e n t e r ,  inc luding 
re s i s t ance  to cap tu re ,  and  by bi t ing a t t acks  [9]. Large septal  
ab la t ions  resul t  in this s y n d r o m e ,  w he r ea s  medial  septal  
ab la t ions  do not [13,26]. On the o the r  hand .  lateral  septal  
ab la t ions ,  par t icular ly  of  the an te ro la t e ra l  region,  do in- 
c rease  r e s p o n s i v e n e s s  to handl ing  [7]: this  effect can  also be 

ach i eved  by  in jec t ion of  local anae s the t i c  into this  region [3]. 
It would seem,  the re fore ,  tha t  the  changes  in aggress ion  seen  
af te r  whole  septal  ab la t ion  are p robab ly  media ted  main ly  via 
an te ro- la te ra l  septal  abla t ion .  

In this  s tudy,  dep le t ion  o f  lateral  septal  5 -HT resul ted  in a 
reduc t ion  in d o m i n a n c e ,  whe rea s  the  c a t e c h o l a m i n e  de-  
pleted rats  s h o w e d  inc reased  d o m i n a n c e  and  dec rea sed  sub- 
o rd ina t ion .  T h e s e  resul ts  would suggest  tha t  these  two 
m o n o a m i n e  t r ansmi t t e r s ,  in the lateral  sep tum,  are physi-  
ological ly an tagon is t i c  in the cont ro l  of  aggress ion.  Ne i the r  
of  the  two g roups  of  les ioned an imals  s h o w e d  over t  oven-e-  
ac t ion to hand l ing  c o m p a r e d  with cont ro l s :  a l though  this  
con t r a s t s  with  mos t  s tudies ,  it has  been  repor ted  that  
p r eope ra t i ve  [22,25] or  pos tope ra t i ve  I l l  handl ing  of  
sep ta l ly -ab la ted  rats  can  reduce  o v e r r e a c t i o n  to handl ing.  It 
is poss ib le ,  t he re fo re ,  tha t  the  fai lure to see gross  changes  in 
aggress ion  and in ease  of  hand l ing  may  have  been  because  
the  ra ts  used  in this s tudy were  ex t ens ive ly  handled  bo th  
before  and  af ter  surgery.  

S ince  ne i the r  of  the  g roups  of  les ioned an imals  showed  
a l te ra t ions  in wa te r  c o n s u m p t i o n  c o m p a r e d  with cont ro l  
an imals ,  but  did show al tered aggress ion ,  the resul ts  do not 
suppor t  the  sugges t ion  [211 that  inc reased  aggress ion  in 
an imals  with  septal  les ions is s e c o n d a r y  to inc reased  wa te r  
in take.  
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