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GRANT, L. D., D. V. COSCINA, S. P. GROSSMAN AND D. X. FREEDMAN. Muricide after serotonin depleting lesions of 
midbrain raph~ nuclei. PHARMAC. BIOCHEM. BEHAV. 1(1) 77-80 ,  1973.-Thirty days after dorsal and median raph~ 
lesions, when the forebrain content of serotonin (5-HT) was approximately 70 per cent below normal values, lesioned rats 
showed increased frequency and decreased latency for lethal attacks on mice. Additional observations of muricide on Days 
2, 5, 8, and 30 after lesions revealed that frequency and latency of killing increased and decreased, respectively, over time. 
Since the time-course of this muricide paralleled a progressive reduction in forebrain 5-HT, these data suggest that this 
neurohumor normally participates in mechanisms exerting inhibitory control over mouse killing. 

Muricide Serotonin Midbrain raph~ nuclei 

R E C E N T  evidence suggests tha t  s e ro ton in  (5 -hydroxy-  
t r y p t a m i n e  or 5-HT) may  inh ib i t  some types  of  aggressive 
behaviors .  Fo r  example ,  p - ch lo ropheny la l an ine  (PCPA),  a 
p o t e n t  i nh ib i t o r  of  5-HT synthes is  [ 7 ] ,  no t  on ly  increases 
mouse  kil l ing in rats  [ 1 2 ] ,  bu t  also p o t e n t i a t e s  the  
fac i l i ta tory  effects  on  kill ing which  are p roduced  in tha t  
species by  removal  of  the  o l fac to ry  bu lbs  [5 ] .  This  drug 
induced  p o t e n t i a t i o n  of mur ic ide  af te r  b u l b e c t o m y  seems 
to be due to the  selective effects  of  PCPA on  5-HT, since 
in ject ions  of  pargyl ine or 5 - h y d r o x y t r y p t o p h a n  which  
increase 5-HT c o n c e n t r a t i o n s  b lock  the  mur ic ide  induced  
by  o l fac to ry  in jury  [5 ]. 

The  effects  of  these  c o m p o u n d s  on  a t t ack  behav io r  have 
been  ascr ibed to  the i r  direct  ac t ions  on  s e ro ton in  depen-  
den t  po r t i ons  of the  cent ra l  ne rvous  sys tem (CNS). It is 
clear, however ,  t ha t  each of  these  agents  also affects  
per iphera l  5-HT stores,  and  the  possible c o n t r i b u t i o n  of  
per iphera l  m e c h a n i s m s  is u n k n o w n .  The  present  experi-  
m e n t s  were u n d e r t a k e n  in order  to  provide  more  conclusive 
evidence for a cen t ra l  se ro tonerg ic  con t ro l  of  muricide.  The  
dorsal  and med ian  raph6 nuclei  of  the  midbra in  have been  
s h o w n  [ l ]  to  be  the  origin of mos t  s e ro ton in  con ta in ing  
f ibers  in the  rat  forebra in .  If cen t ra l  sero tonergic  
mechan i sms  are involved in the  con t ro l  of  mouse  killing, 
de s t ruc t i on  of  these  nuclei  should  modi fy  th is  behavior ,  
and the  effect  should  have a t ime  course  which  parallels the  

gradual  d i sappearance  of 5-HT f rom the  fo rebra in  [ 10].  

E X P E R I M E N T  1 

METHOD 

Animals 

T w e n t y  male Sprague-Dawley ( H o l t z m a n )  rats weighing 
3 2 5 - 3 7 5  g at surgery were used in the  first expe r imen t .  
None  had previously  been  exposed  to  mice. The  animals  
were housed  singly in me ta l  cages (9 1/2 x 7 x 7 in.) w i th  
wire mesh  floors and f ronts .  Lab chow and  wate r  were 
available ad lib t h r o u g h o u t  the  expe r imen t .  

Procedures 

Elec t ro ly t ic  lesions were made  in the  midb ra in  raph6 
nuclei  of  10 animals  as fol lows:  With  the  incisor  bar  located 
2.5 m m  below the  intra-aural  line, a stainless steel elec- 
t rode ,  insu la ted  excep t  for  the  cross sect ion of  the  t ip,  was 
s te reotaxica l ly  inser ted  in to  the  b ra in  such tha t  its t ip 
t e r m i n a t e d  in the  dorsal  raph6 nucleus  (A = 0.8 m m ;  L = 
0.0 mm;  H = 6.4 m m  below dura) .  A 1 mA anoda l  direct  
cu r ren t  was passed for  10 sec b e t w e e n  this  e lec t rode  and a 
meta l  clamp a t t ached  to  the  tail. The  e lec t rode  was t hen  
w i t h d r a w n  and re inser ted  such tha t  its t ip t e r m i n a t e d  in the  
med ian  raph6 nucleus  (AP = 1.2; L = 0.0;  H = 8.5 below 
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dural .  A 1 mA anoda l  cur ren t  was t hen  passed for  10 sec. 
The  remain ing  10 animals  served as sham ope ra t ed  controls .  
These  rats were subjec ted  to the  same surgical p rocedures  as 
the  expe r imen t a l  animals  except  t ha t  the e lec t rode  was 
lowered only  in to  cor tex  and  no cur ren t  was passed. 

The  mouse  killing behav ior  of  all an imals  was assessed 30 
days  af te r  surgery at a t ime  when  the lesions should  
p roduce  maximal  5-HT dep le t ion  in the  fo rebra in  [ 1 0 ] .  A 
single adul t  male mouse  was placed in the h o m e  cage of 
each rat  for  60 min b e t w e e n  2 :00  4 : 0 0  p.m. The  rats and 
mice were observed  t h r o u g h o u t  this  per iod,  and the  la tency  
for  each le thal  a t t ack  was recorded.  Dead mice and  
survivors were removed  at the  end of  the test  session. 

Af te r  behaviora l  test ing,  the  rats were decap i t a t ed  and 
the i r  brains  removed  and  dissected in to  fo rebra in  and 
h indbra in  po r t i ons  by a cut f rom the  quadr igcmina  dorsal ly 
to the  caudal  b o r d e r  of  the  mammi l l a ry  bodies  ventral ly .  
t t i ndbra ins  were f ixed in fo rmal in  and later  processed for 
his tological  e x a m i n a t i o n  of  lesion sites, using 40 ,t f rozen  
sect ions  s ta ined wi th  cresyl violet.  F o r e b r a i n  po r t i ons  were 
immedia t e ly  ana lyzed  f luo romet r i ca l ly  for  s e ro ton in  and  its 
major  CNS metabo l i t e ,  5 - h y d r o x y i n d o l e  acet ic  acid 
(5 - t t lAA) .  5-HT was analyzed by  a m od i f i c a t i on  [11]  of  
the  Bogdanski  et al. [2]  m e t h o d  for  se ro ton in ,  wi th  the  
5-HT being reacted wi th  n i n h y d r i n  to  increase the  sensi- 
t ivi ty of  the  m e t h o d  [ 1 3 ] .  The  m e t h o d  of  U d e n f r i e n d  et  al. 
[ 14] was used for  5-HIAA es t imat ion .  

RESU LTS 

Nine of  10 rats wi th  raph~ lesions killed mice 30 days 
af te r  surgery,  whereas  on ly  3 of  10 sham opera ted  con t ro l s  
did so. This  d i f fe rence  was s ta t is t ica l ly  rel iable ( p < 0 . 0 5 ,  chi  
square) .  A compar i son  of the  la tency  to  kill of  the  killers of  
each group showed  tha t  lesioned rats killed wi th  a mean  
la tency  of  12.2 rain whereas  the  con t r o l  an imals  killed af te r  
32.7 rain on the  average ( p < 0 . 0 2 ,  Mann-Whi tney  U). The  
t o p o g r a p h y  of the  killing behav io r  of  rats wi th  raph6 lesions 
was similar  to  t ha t  exh ib i t ed  by con t ro l  animals ,  i.e., the  
mouse  was typica l ly  grasped by the  head and  lower  back 
f rom above  and was t hen  b i t t e n  a long the  cervical region of 
the  spinal  cord  in s t e reo typ ic  fash ion  no rma l ly  d isp layed  by  
na tura l  kil ler rats. Raph6  lesions thus  appea r  to  p roduce  
more  p e r m a n e n t  and  more  na tura l  changes  in mouse  kil l ing 
t han  lesions in fo reb ra in  s t ruc tu res  such as the  s ep tum [9]  
which  receive some of the  s e ro ton in  con ta in ing  p ro jec t ions  
f rom the  raph6 region. 

Histological  e x a m i n a t i o n  showed  tha t  the  lesions were 
a b o u t  1 m m  in dia. and  des t royed  near ly  the  en t i re  dorsal  
and  median  raph6 nuclei  as well as some cent ra l  gray t issue 
su r r ound ing  the  dorsal  raph6 nucleus.  Biochemica l  assays 
revealed t ha t  the  lesions caused a 70 per  cen t  r e d u c t i o n  in 
fo rebra in  5-HT and  an 84 per  cen t  fall in 5-H1AA. 

were subjec ted  to comparab l e  surgical t r a m n a  but  received 
no lesions. All rats  were re tes ted  2, 5, 8, and  30 days af ter  
surgery. The  t ime  course  for  the  effects  of  our  lesions on  
fo rebra in  s e r o t o n i n  was d e t e r m i n e d  by assays made  of  the  
brains  of  add i t iona l  animals  which were killed at various 
intervals  a f te r  surgery (see Fig. 2). 

RESU LTS 

Represen ta t ive  histological  results  are shown  in Fig. 1. 
The  results  of  the  behaviora l  tests  are summar i zed  in Table  
1. One  rat of  each group killed dur ing  b o t h  p reopera t ive  
tests. The  animal  wi th  raph6 lesions which  had  killed pr ior  
to surgery failed to kill on  the  second day af ter  surgery 
(poss ib ly  because  of m o t o r  def ic i ts)  bu t  did so again at 
every tes t  the reaf te r .  The  o t h e r  expe r imen t a l  rats also did 
not  a t t ack  mice dur ing  the  first pos topera t ive  test .  By the  
f i f th  day, 5 of  t h e m  killed mice, and by Day 8, the  n u m b e r  
of  killers increased to 7 ( p < 0 . 0 5 ,  chi square) .  On the  final 
test ,  c o n d u c t e d  30 days af ter  surgery,  8 expe r imen t a l  
animals  killed mice. The  gradual  increase in aggressiveness 
a f te r  the  lesions was also ref lec ted  in the  decl ine  of  the  
m e a n  la tencies  of  the  a t t ack  responses.  No s tat is t ical ly  
s ignif icant  increase in kill ing occur red  a m o n g  the  con t ro l  
animals  in repea ted  pos topera t ive  tests. 

A. 

E X P F R I M E N T  2 

METHOI) 
Procedures  

The  second e x p e r i m e n t  was c o n d u c t e d  to assess the  t ime  
course of  increased aggressiveness t oward  mice a f te r  raph6 
lesions in re la t ion  to the  t ime  course  o f  fo rebra in  5-HT 
deple t ion .  Using the  p rocedures  descr ibed above,  rats 
(325 375 g) were tes ted  for  mur ic ide  on  two  consecu t ive  
days pr ior  to  surgery.  F i f teen  rats t hen  received lesions in 
the  median  and  dorsal raph6 nuclei and  9 add i t iona l  animals  

FIG. I. Representative histological results from Experiment 2. (a) 
Target sites lk)r lesions (serotonin cell groups B7 and B8 of 
Dahlslrom and Fuxe [4] in llle dorsal and median raptlt5 nuclei): (bl 
Two lesions which caused only 15 30 per cent reductions in 
l'orebrain 5-IIT and 5-|IIAA and did not induce mouse killing: (c) 
Area of destruction of smallest lesion effective in inducing muricide: 
(dr Area of damage by most extensive lesion that induced nmricide. 
Abbreviations: dr = dorsal raph~ nucleus: mr = median raphd 
nucleus: I:OR - re~.icular formation; LM = medial lemniscus; PCS = 

superior cerebellar peduncle. 
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T A B L E  1 

DEVELOPMENT OF INCREASED AGGRESSIVENESS TO MICE BY RATS AFTER MIDBRAIN 
RAPHE LESIONS* 

Animals Days After Operation 

Pretest 2 Days 5 Days 8 Days 30 Days 

Operated Control Animals: 
No. Killers/No. Tested 1/9 2/9 3/9 2/9 2/9 

Mean Latency to Kill 57 min 47 min 40 min 47 min 47 rain 

Raph~ Lesion Animals: 

No. Killers/No. Tested 1/15 0/15 5/15 7/15[ 8/15 t 

Mean Latency to Kill 56 rain 60 min 42 min 37 min$ 30 rain:I: 

*Rats were tested for mouse killing by placing a single mouse in each rat's home cage for 1 hour. 
tCompared with pretest for same group, difference is significant at p<0.05 by chi square test for 

correlated proportions. 
~:Compared with latency scores for control animals, difference is significant at p<0.001 by 

Mann-Whitney U Test. 

B iochemica l  assays c o n d u c t e d  35 days af te r  surgery 
showed  an overall  decrease of  58 per  cen t  and  52 per  cent  
respect ively  in fo reb ra in  5-HT and 5-HIAA. When the  assay 
data  f rom two  expe r i m en t a l  an imals  t h a t  did no t  kill mice  
on  any pos topera t ive  tes t  and were f o u n d  to  have on ly  
slight damage to  the  raph6 nuclei  were d ropped  f rom the  
analysis,  5-HT and 5-HIAA were deple ted  70 per  cen t  and  
63 per  cent  respectively.  The  t ime  course of  5-HT and  
5-HIAA dep le t ion  af te r  raph6  lesions was es tabl ished in 
add i t iona l  animals  (see Fig. 2). 

A compar i son  of  our  behaviora l  and b iochemica l  data  
suggests tha t  the  increase in mur ic ide  a f te r  m idb ra in  raph6 
lesions developed in parallel  w i th  a c o n c o m i t a n t  r educ t i on  
in fo rebra in  se ro ton in .  It is possible  t ha t  this  cor re la t ion  
may  be fo r tu i t ous  and m ay  reflect  mere ly  a gradual  increase 
in the  abi l i ty  of  the  expe r i m en t a l  animals  to  display 
effect ive aggressive behav io r  as lesion induced  m o t o r  
defici ts  d iminish.  However ,  several animals  wi th  severe and  
persis t ing m o t o r  i m p a i r m e n t s  killed mice as early as 5 days 
af te r  surgery while  o the r s  which  displayed on ly  mild m o t o r  
defici ts  f rom the  outse t  did no t  kill unt i l  Day 8 or  30. It  is 
possible tha t  the  increased mur ic ide  could be  due  to a 
dep le t ion  of  o t h e r  amines ,  e.g., n o r e p i n e p h r i n e  (NE) or 
d o p a m i n e  (DA),  bu t  this  i n t e r p r e t a t i o n  is unl ike ly  since we 
[9] as well as o the r s  [8]  have f o u n d  t ha t  lesions such as 
ours  t ha t  are res t r ic ted  to the  raph6 nuclei  typ ica l ly  
p roduce  l i t t le  or no  r educ t i on  in brain  ca techolamines .  
Lesions wh ich  do ex t end  in to  the  lateral  aspects  of  the  
b r a in s t em at this  level do  af fec t  NE or DA, b u t  we have no t  
observed an increase in mur ic ide  in rats wi th  lesions lateral  
to  the  raph~. 

Repor t s  [6]  of  he igh tened  reac t iv i ty  to  pain  and  general  
i r r i tabi l i ty  a f te r  lesions t ha t  reduce  cen t ra l  s e ro ton in  levels 
suggest t ha t  the  observed increase in in t raspecies  aggres- 
siveness migh t  be only  one  man i f e s t a t i on  of a general  
syndrome.  Our  animals  displayed increased m o t o r  act ivi ty,  
hype r reac t iv i ty  to  p a m l u l  electric shock,  and  some resis- 
tance  to  handl ing ,  bu t  the  t ime  course  of  these  effects  did 
no t  dupl ica te  the  gradual  d e v e l o p m e n t  of the  mouse  kil l ing 
response.  Moto r  hype rac t iv i ty  was observed immedia t e ly  
a f te r  surgery and  pers is ted u n d i m i n i s h e d  t h r o u g h o u t  the  30 
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FIG. 2. Per cent change from control levels of forebrain serotonin 
(5-HT) and its main CNS metabolite, 5-hydroxyindole acetic acid 
(5-HIAA), after midbrain lesions destroying the dorsal and median 
raph6 nuclei. Each point is based on data from 4 - 6  lesioned animals 
and 3 - 6  controls. Means ± S.E. for all control values: 5-HT = 687 ± 
19; 5-HIAA = 316 ± 12. S. E. values shown above for each point are 

in terms of the per cent of the corresponding mean. 

days of  the  expe r imen t .  Resis tance to hand l ing  was greatest  
immedia t e ly  af te r  surgery and d imin ished  over  t ime  as the  
animals  appeared  to  h a b i t u a t e  to  capture .  Decreased thres-  
holds  for  a j u m p  response  to electric shock  were seen 
immedia t e ly  af ter  surgery. These  th re sho lds  r e tu rned  to  
normal  values b e t w e e n  days 5 7 bu t  t h e n  fell again a b o u t  
10 12 days  af ter  the  lesion. This  cur ious  biphasic  p a t t e r n  
also describes some o the r  behaviora l  effects  of  raph6 lesions 
I31. 

Our  observa t ions  indica te  tha t  sero tonerg ic  pa thways  
or ig inat ing in the  midb ra in  raph6 nuclei  may exert  
i n h i b i t o r y  con t ro l  over  mouse-ki l l ing responses  in the  rat.  
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