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PUCIILOWSKI, O,  W KOZAK AND L VALZELL1 EJJect oJ 6-OHDA injected mto the Io~u6 ~oeruleus on 
apomorphme-mdu~ ed aggression PHARMACOL B1OCHEM BEHAV 24(3)773-775. 1986 --Bilateral microlnjectlons of 
6-hydroxydopamlne (6-OHDA) into the nuclei loci coerulel (LC) of male Wistar rats resulted m significant depletion of 
mesencephahc and striatal norepmephnne, accompamed by a small reduction m dopamme content only m the strmtum 
Apomorphme (2 5 mg/kg IP) induced marked aggression consisting of prolonged postunng, vocalization and attacks only m 
6-OHDA lesioned ammals Biochemical analysis revealed that 6-OHDA antagomzed the ablhty ofapomorphlne to raise the 
serotonln concentrauon in the stnatum It is concluded that the LC neurons play an inhibitory role m apomorphine-mduced 
aggressiveness and the involvement of serotonerglc neurons is suggested 

Aggressive behavior Apomorphme Locus coeruleus Norepmephrme 6-Hydroxydopamlne Rat 

IT has been suggested that apomorphlne (APO)-lnduced ag- 
gression involves a modulatory noradrenergIc component 
Clonldlne (CLO) treatment increases this kind of induced 
aggressiveness [2, 3, 10, 11], and a similar potentiation was 
observed after electrolytic lesion of  the nuclei loci coerulel 
[5], the main area containing noradrenerglc cell bodies giving 
ascending projections to the cortex and hlppocampal areas 
[6] Since clomdlne inhibits noradrenahne release from 
noradrenergIc neurons, due to the stimulation of  presynaptlc 
alpha-2 adrenoceptors [12] and reduces the bloelectrlcal ac- 
tivity of the locus coeruleus cells [1], the drug might exert its 
aggress~on-potentmtlng effect through the locus coeruleus 
system In order to obtain further information about the in- 
volvement of the locus coeruleus m APO-mduced aggres- 
sion, we stud~ed the effect of APO in rats with chemical 
(6-hydroxydopamme) lesions of the locus coeruleus 

METHOD 

Male Wlstar rats (Charles River, Italy) weighing 250_ + l0 g 
were housed four per cage (transparent Macrolon cages 
42×26× 15 cm) with free access to standard laboratory chow 
and tap water in controlled laboratory conditions with a 
12 12 hr light/dark cycle (lights on at 8 00 hr) 

6-Hydroxydopamlne was injected stereotaxlcally according 
to Pellegrlno et al [9] Into the loci coerulel (5/zg in 1 0/.tl on 
each side, at a rate of l /xl/mln, controls received an equal 
volume of solvent, 0 2 percent ascorbic acid in distilled 
water) using the coordinates P 1 6 mm, L-+l 0 ram, H - 3  0 
mm and an SGE mlcrosyrlnge, by means of a Stoeltlng 
stereotaxlc apparatus Ten days were allowed for 
postsurglcal recovery 

For aggression test rats were paired lesioned-lesioned or 
control-control and injected IP with 2 5 mg/kg of  APO, the 
dose previously found to be subthreshold for inducing ag- 
gression Ten mln after APO administration, paired rats were 
scored over 25 mln Ill a Plexlglas arena (22× 17x24 cm) for 
la) the total time spent In aggressive boxing postures, (b) the 
number of  vocalizations and (c) the number of biting attacks 
Only pairs with both animals properly lesioned (blocheml- 
cally verified) were analysed statistically Biochemical 
analysis was performed on separate groups of animals, 
lesioned and controls Control animals received the solvent 
and APO-treated rats were injected IP l0 min before decapi- 
tation in order to evaluate the drug's effect on brain amines 
(noreplnephrlne, dopamine, serotonin) and 5- 
hydroxylndolacetlc acid concentrations The details of the 
procedure, including the high performance liquid chromatog- 
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T A B L E  1 

BRAIN AMINE AND METABOLITE 5-HYDROXYINDOLACETIC ACID CONCENTRATIONS 
BEFORE AND AFI'ER APOMORPH1NE (APO) TREATMENT IN CONTROL AND 

6-OHDA-LES1ONED RATS (LC) 

Bram concentrations (ng/g _+ SE) 
No of 

Groups rats NE DA 5-HT 5-HIAA 

Stnatum 
Control 6 296 _+ 31 9230 +_ 270 482 _+ 16 496 + 30 
LC-les~oned 5 100 _+ 165 8350 _+ 210" 523 _+ 22 442 _+ 21 

Control +APO 6 284 _+ 55 9150 _+ 160 593 _+ 37§ 559 +_ 31 
LC-lesloned+APO 6 87 _+ 205 8200 _+ 300* 519 _+ 39 408 _+ 29? 

Mesencephalon 
Control 6 322 _+ 19 94 _+ 7 575 _+ 29 524 _+ 23 
LC-les~oned 6 158 _+ 14~t 104 _+ 21 558 +_ 12 478 _+ 10 

Control +APO 6 288 _+ 18 95 + 4 521 +_ 25 525 _+ 16 
LC-lesloned+APO 6 164 _+ 7:~ It0 _+ 9 549 + 9 490 _+ 18 

*=p<0  05 vs 
t = p < 0  01 vs 
:~=p<0 001 vs 
§=p<0  05 vs 

respective controls 
respective controls 

respective controls 
control not treated wffh APO 

raphy  wi th  e l ec t rochemica l  de t ec t ion  ( H P L C - E C ) ,  were  de-  
sc r ibed  e l s ewhe re  [8,13] Sta t is t ica l  eva lua t ion  o f  the  resu l t s  
was  m a d e  us ing  the  S t u d e n t ' s  t - tes t  for  the  b iochemica l  data ,  
and  the  M a n n - W h i t n e y  U- t e s t  for  behav io ra l  m e a s u r e s  

RESULTS 

Rats  wi th  bi la teral  les ions  of  the  LC s h o w e d  signif icant  
( p < 0  001) dep le t ion  of  N E  in the  s t n a t u m  (by 66%) and  
m e s e n c e p h a l o n  (51%), a c c o m p a n i e d  by a small  (10%) but  
s ignif icant  dec rea se  in str iatal  DA The  A P O - t r e a t m e n t  
ra i sed  b o t h  s t rmtal  5-HT (23%) and  5 - H I A A  (13%) m contro l  
rats,  t h o u g h  only  the f o r m e r  r e ached  s ta t is t ical  s~gmficance 
( t = 2  74, p < 0  05) 6 - O H D A - t r e a t e d  an imals  did  not  p r e sen t  
any  s ignif icant  se ro tonerg lc  change  af te r  A P O  injec t ion (Ta- 
ble 1) 

N o  signs of  s p o n t a n e o u s  aggress ion  a m o n g  the  g rouped  
an imals  were  o b s e r v e d  A PO  elici ted a m a r k e d  aggress ive  
b e h a v i o r  only  In pairs  of  l es ioned  ra ts  (Fig 1) 

DISCUSSION 

The  data  ob ta ined  ind ica te  tha t  6 - O H D A - m d u c e d  de- 
s t ruc t ion  of  no rad rene rg i c  n e u r o n s  in the LC e n h a n c e s  the 
aggress ion  ehc l ted  by A PO  a d m i m s t e r e d  m a m o u n t  usual ly  
ineffect ive  to induce  aggress ion  in normal  ra ts  In con t r a s t  to 
con t ro l  rats ,  les ioned an imal s  d i sp layed  a m a r k e d  aggres-  
s iveness  fo l lowmg the s u b t h r e s h o l d  dose  of  2 5 mg/kg of  
A P O  This  f inding IS in line wi th  p rev ious  da ta  p r o w d e d  by 
e lec t ro ly t ic  les lonlng m e t h o d  [5] and  suppor t s  the  h y p o t h e s i s  
tha t  the  dorsa l  noradrenerg~c bund le  p lays  an inh ib i to ry  role 
In ef fec t ive  aggress ion  Induced  by A PO  [5,10] F u r t h e r m o r e ,  
LC lesion p r e v e n t e d  the  b iochemica l  c h a n g e s  typical ly  
p roduced  by  APO,  i e , the  rise in b o t h  5-HT and  5 - H I A A  
c o n c e n t r a t i o n s  [3,7] The  re la t ively  slight inc rease  in 
5 - H I A A  c o n c e n t r a t i o n s  o b s e r v e d  in con t ro l  ra ts  t r ea ted  wi th  
A P O  was p robab ly  due to the  low dose  of  A PO  used  
C lomdlne  has  been  r epo r t ed  to similarly po ten t i a t e  the be- 
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FIG 1 Effect of LC lesions on apomorphme-mduced aggression in 
paired rats dunng 25 mm of observation L=lesloned (14 ammals, 7 
pairs) Sh=sham lesioned (14 ammals, 7 pairs) O = p < 0 0 5  
O O = p < 0  01 

havlora l  ef fects  of  APO and to r educe  the  parallel  rise of  the 
bra in  5 -HIAA [2, 3, 10] 6 - O H D A  les ions  pe r fo rmed  m the 
p r e sen t  s tudy,  appa ren t ly  are not  specific for N E  neu rons  of  
LC,  s ince  there  is a d rop  in s t r la tal  d o p a m m e  H o w e v e r ,  ~t ~s 
not  c lear  at p r e sen t  w h e t h e r  this  m i n o r  change  in d o p a m m e  
level  depends  on a d i rec t  effect  of  the n e u r o t o x m  on 
dopamine rg i c  n e u r o n s  or  on  a new equi l ib r ium within in- 
t e rac t ing  m o n o a m l n e r g l c  n e t w o r k s  Signs of  dopammerg tc  
supersens i t iv i ty  have  been  repor ted  m rats  fol lowing the 
e lec t ro ly t ic  les ions  of  the locus coe ru leus  [4] The  da ta  ob- 
t a ined  seem to conf i rm that  the inhtblUon of  no rad rene rg tc  
t r an smi s s ion  impairs  se ro ton ln  re lease  by n e u r o n s  normal ly  
ac t i va t ed  by  APO [3,7], also indicat ing the p r e s e n c e  of  an 
in te rac t ion  be tween  noradrenerg lc  and  dopamlnerg lc  
n e u r o n s  in the b ram 
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