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MCLAIN, W. C., B. T. COLE, R. SCHREIBER AND D. A. POWELL. Central catechol- and indolamine systems and 
aggression. PHARM. BIOCHEM. BEHAV. 2(1) 123-126, 1974. - Separate groups of rats were treated with alpha- 
methyl-tyrosine (AMT), para-chlorophenytalanine (PCPA), or saline. Subsequently, inter-species attack and shock elicited 
aggression (SEA) were assessed. Although neither AMT or PCPA affected SEA, PCPA decreased the latency of frog attack, 
and had a negligible effect on frog attack frequency. Both drugs increased the frequency of mouse attack. These results 
suggest a different neurochemical basis for different kinds of aggression. 
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IT HAS been suggested that aggression is a heterogenous 
class of behaviors which are only superficially similar [81. 
In support of this thesis are experiments employing sever- 
al different models of aggression which show that such 
models are differentially related to both physiological and 
situational variables e.g., [ 1, 7, 8 ]. However, a clear under- 
standing of the extent to which different neurophysio- 
logical and neuroanatomical substrates are related to 
different manifestations of aggression depends upon study- 
ing various models in the same animals. Few such 
experiments have heretofore been performed. 

In the present experiment we sought to determine 
whether shockelicited aggression (SEA) and mouse and frog 

attack were differentially related to the administration of 
drugs which affect the brain levels of (a) the catecholamines 
(CA), and (b) serotonin (5 -HT) .  Alpha-methyltyrosine 
(AMT) inhibits the rate limiting step in the synthesis of 
norepinephrine (NE) and dopamine (DA) by interference 
with tyrosine hydroxylase, an enzyme which catalyzes the 
synthesis of DOPA from tyrosine [9].  Para-chlorophenylal- 
anine (PCPA) similarly inhibits the synthesis of 5 - H T ,  also 
by blocking the rate limiting step, which involves the 
synthesis of 5-hydroxytryptophan from tryptophan [4].  
Thus the effects of PCPA and AMT were studied upon (a) 
shock-elicited aggression, and (b) frog and mouse attack. 
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METHOD 

Animals  

Seventy-e ight  100-day-old male  Long-Evans  h o o d e d  rats  
were divided i n to  2 groups  of  20 e x p e r i m e n t a l  and  2 g roups  
o f  18 and 20 con t r o l  animals .  

Apparatus  

Mouse and  frog a t t ack  were measured  in the  ra t ' s  h o m e  
cage. Shocke l ic i ted  aggression (SEA)  was assessed in a 
Scient i f ic  P r o t o t y p e  an imal  c h a m b e r  w i th  inside d imens ions  
of  23.5 x 20.3 x 29.8 cm, housed  inside a larger sound  
a t t e n u a t e d  c o m p a r t m e n t  wi th  a one-way  mirror .  A whi te  
noise b a c k g r o u n d  of  75 dbl  SPL was c o n t i n u o u s l y  p resen t -  
ed t h r o u g h  an  overhead  speaker .  

Procedure 

One group  o f  20 e x p e r i m e n t a l  rats was admin i s t e red  a 
single dosage of  316  mg/Kg  D - L  PCPA m e t h y l  ester ,  ip. A 
second group  o f  20 an imals  was admin i s t e red  th ree  daily 
dosages ( separa ted  by  4 h each )  of  50 mg/Kg  D L AMT 
m e t h y l e s t e r  over  th ree  consecut ive  days. These  dosage regi- 
mens  were based u p o n  pr ior  e x p e r i m e n t s  [4 ,9]  which  show- 
ed t ha t  t hey  p roduced  m a x i m u m  cent ra l  dep le t ion  of  CA and 
5 - H T ,  a c c o m p a n i e d  by  m i n i m u m  tox ic  side effects .  A 
th i rd  g roup  of  18 rats was admin i s t e red  a con t ro l  saline 
vehicle. A f o u r t h  group of  20 naive un in jec ted  animals ,  
wh ich  had been  m a i n t a i n e d  in our  l a b o r a t o r y  for  the  same 
leng th  of  t ime as animals  in the  p resen t  e x p e r i m e n t ,  b u t  

which  had  no  exper i ence  wi th  e i the r  shock  or frog a t t ack  
dur ing  the  e x p e r i m e n t ,  were also tes ted  for  mouse  a t tack .  
Bo th  frog a t t ack  and shocke l ic i ted  aggression were mea- 
sured daily over  th ree  days, 12 h af te r  the  first dosage of  
AMT was admin i s te red .  On the  second day  48 h af te r  the 
first drug admin i s t r a t i on  and af te r  frog a t t ack  and SEA 
m e a s u r e m e n t s  were made ,  a mouse  was placed in the h o m e  
cage of  each  an imal  and the  a t t ack  behav io r  of  the animals  
observed for  10 min.  Ten hours  la te r  the  mice wh ich  had 
no t  been  killed were removed .  SEA sessions were 5 min  in 
dura t ion .  Paired an imals  were placed in the  e x p e r i m e n t a l  
c h a m b e r  and 100 2 m A  foo t shocks  of  0.5 sec du ra t i on  
admin i s t e red  at  a f r equency  of  20 shocks  per  min.  
Observers ,  who  were b l ind  wi th  respect  to  expe r imen t a l  
t r e a t m e n t ,  observed the  animals  behavior .  A fight  was 
def ined  as a s tr iking,  lunging  or  b i t ing  m o v e m e n t  made  by  
e i the r  one or b o t h  animals  [7 ] .  Af te r  decap i t a t i on  on  the  
th i rd  day,  whole  b ra in  assays of  n o r e p i n e p h r i n e  and 5 - H T  
were pe r fo rmed  accord ing  to the  m e t h o d  of  Maickel,  et al. 
[61. 

RESULTS 

The  animals  in the  PCPA group showed  a p r o n o u n c e d  
decrease  in l a t ency  of  frog a t t ack  compared  to the  AMT 
and saline animals.  These d i f ferences  can be  seen in the  left  
side of  Fig. 1, in which  the  mean  reciprocal  of  l a t ency  in 
seconds  is p lo t t ed  for  each group  over  each of  the  th ree  
dai ly sessions. PCPA la tencies  were s ignif icant ly  less than  
the  AMT and saline la tencies  dur ing  b o t h  the  second and 
th i rd  sessions of  the  e x p e r i m e n t  based on the  Wi lcoxon 
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FIG. 1. Frog attack 100/latency scores (left) and frequency of fighting in response to shock (right) of rats injected with (a) 
parachlorophenylalanine, (b) alpha-methyl-tyrosine, or (c) saline on three consecutive daily sessions. Brackets indicate standard errors. 
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FIG. 2. Number of mouse attacks by rats during first 10 min and first 10 h after introduction of mouse. Separate groups of 
animals were (a) naive with respect to mouse attack and shock (naive controls) (b) had shock-fighting and frog attack 
experience (shocked controls) and injected with saline, or (c) were similar to shocked controls but injected with 

alpha-methyl-tyrosine (AMT), or (d) parachlorophenylalanine (PCPA). 

Rank  Sum Test  ( p < 0 . 0 1 )  [ 11 ].  However ,  l a t ency  scores of  
the  AMT and saline animals  were no t  s igni f icant ly  d i f fe ren t .  
A s imilar  c o m p a r i s o n  of  the  SEA scores (also s h o w n  in Fig. 
1), revealed no  s ignif icant  d i f ferences  b e t w e e n  any  of  the  
th ree  groups.  However ,  the  l a t t e r  were all w i th in  the  range 
descr ibed by  prev ious  inves t igators  e.g., [ 7 ] .  

The  frog a t t ack  l a tency  scores for  the  ind iv idua l  animals  
w h i c h  were paired dur ing  SEA sessions were averaged,  and 
the  associa t ion  b e t w e e n  these  scores and the  SEA scores 
d e t e r m i n e d  by  c o m p u t i n g  p r o d u c t  m o m e n t  cor re la t ion  
coeff ic ients  for each  of  the  three  group wh ich  received 
these t r e a tmen t s .  However ,  these  coef f ic ien ts  were signifi- 
cant  in on ly  one of  n ine  possible compar i sons  (r = - .79; 
AMT group ; Day 1 ). 

The  f r equency  of mouse  a t t ack  was assessed dur ing  the  
first 10 min  as well as a f te r  10 h had elapsed.  These  a t t ack  
f requencies  are s h o w n  in Fig. 2. Also ind ica ted  in this  figure 
are the  n u m b e r  of  rats f rom the  group of  20 naive un-  
shocked  animals  d rawn  at r a n d o m  from the  Long-Evans 
h o o d e d  co lony  in our  l abo ra to ry .  A compar i son  of  animals  
which  killed in the  first t en  minu t e s  showed  no  d i f ferences  
b e t w e e n  these  naive u n s h o c k e d  con t ro l  animals  and the  
s h o c k e d - c o n t r o l  animals .  B o t h  groups  inc luded  two rats 
which  killed in the  first 10 min.  However ,  the  PCPA t rea ted  
an imals  killed 9 and the  AMT animals  killed 6 of  20 mice 
dur ing  the  first 10 min.  There  were on ly  m i n o r  d i f fe rences  
b e t w e e n  the  n u m b e r  of  mice killed af te r  10 hr  in any  of  the  
groups  wh ich  had  previously  received SEA and frog a t t ack  
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expe r i ence  (AMT = 13, PCPA = 12, and Saline = 8). How- 
ever, these  da ta  con t r a s t  wi th  the  n o n - s h o c k e d  con t ro l  rats 
which  killed on ly  2 mice dur ing  the  first 10 rain and  n o n e  
the rea f te r .  A chi-square analysis  of  the  mouse  a t t ack  da ta  
was s ignif icant  for  b o t h  the  10 rain and the  10 hr  f requen-  
cies (chi-square  = 10.29,  p < 0 . 0 1  for  10 m i n  and 31 .58 ,  
p < 0 . 0 1  for  10 hr) .  Bio-assay of whole  b ra ins  revealed the  
m e a n  dep l e t i on  of  5-HT and NE in the  e x p e r i m e n t a l  groups  
to be 53% and 40%, respect ively ,  of  the  vehicle t rea ted  
animals .  

DISCUSSION 

PCPA in the  p resen t  e x p e r i m e n t s  resul ted  in decreased  
frog a t t ack  la tencies  and high f requencies  of  mouse  a t t ack  
relat ive to con t ro l  animals .  Sin~e the  bra in  levels o f  5 - H T  
were a lmost  ha l f  t ha t  of  con t ro l  animals  at  the  end of  the  
e x p e r i m e n t ,  this  increase in a t t ack  b e h a v i o r  is p r o b a b l y  
related to a cent ra l  i n h i b i t o r y  se ro tonerg ic  sys tem.  O t h e r  
inves t igators  have also found  s e r o t o n i n  m a n i p u l a t i o n s  to  
af fec t  mouse  a t t ack  e.g., [ 2 ] .  A l t h o u g h  CA dep le t ion  pro-  
duced  increases in mouse  a t t ack ,  as o the r s  have r epo r t ed  
~.g., [ 5 ] ,  it had  no  ef fec t  u p o n  frog a t t ack  latencies.  The 
la t te r  f inding suggests t ha t  frog and mouse  a t t ack  are per- 
haps  also con t ro l l ed  by  d i f fe ren t  b i ochem i ca l  variables.  

The presen t  resul ts  also con f i rm  the  f inding of  C o n n e r  
and associates [1] t h a t  PCPA a d m i n i s t r a t i o n  does  no t  

affect  SEA. In add i t ion ,  the  p resen t  results  showed  tha t  
AMT has no  ef fec t  on  SEA frequencies .  Thus,  in con t ras t  to 
mouse  and frog a t t ack ,  these results  suggest t ha t  aggression 
elici ted by  pa infu l  s t imu la t i on  is unre la ted  to cent ra l  nora-  
drenergic  and se ro tonerg ic  systems.  The lack of  a s ignif icant  
cor re la t ion  b e t w e e n  SEA and frog and mouse  a t t ack  scores 
in 8 or 9 compar i sons  fu r t he r  suggest the  i n d e p e n d e n c e  of  
these  two  sys tems of  behavior .  A l though  SEA may  be  
represen ta t ive  of  a more  general  class of  defensive  behav-  
iors,  con t ro l l ed  by  a complex  set of  b iochemica l  variables,  
the p resen t  results  suggest t ha t  CA and 5 - H T  are no t  
i m p o r t a n t l y  involved.  

However ,  the  present  results  conf l ic t  w i th  recent  experi-  
m e n t s  e.g., [3 ,10]  f rom the  NIMH Labora tor ies ,  wh ich  
suggest t h a t  SEA is med ia t ed  by  a cent ra l  CA system.  Al- 
t h o u g h  the  behaviora l  me thodo log ie s  of  the  present  s t udy  
and the  NIMH expe r imen t s  were similar,  the  la t te r  inter-  
fered w i th  cent ra l  noradrenerg ic  sys tems by  the  admin is t ra -  
t i o n  o f  6 - h y d r o x y d o p a ,  and 6 - h y d r o x y d o p a m i n e  (6- 
OHDA).  Centra l  6-OHDA admin i s t r a t i on  resul ts  in lower  
CNS levels of  CA, as does  AMT, bu t  it p roduces  th is  effect  
b y  de s t ruc t i on  of NE and DA te rmina ls  r a t h e r  t h a n  
i n t e r f e r ence  w i th  NE and DA synthesis .  In the  absence  of  a 
full u n d e r s t a n d i n g  of  how these  various subs tances  p roduce  
the i r  effects ,  however ,  a comple t e  exp l ana t i on  of  these 
d iscrepancies  awaits  f u r t he r  research.  
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