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KATZ, R. J. AND E. THOMAS. Effects of para-ehlorophenylalanine upon brain stimulated affective attack in the cat. 
PHARMAC. BIOCHEM. BEHAV. 5(4) 391-394,  1976. - Previous investigations of the effects of para- 
chlorophenylalanine (PCPA) on affective attack have produced equivocal results. The present report examined the 
effects of PCPA upon attack elicited by electrical stimulation of the ventromedial hypothalamic nucleus in the cat. 
Using a within-animals design and postdrug testing clear potentiation of affective attack patterns was observed for a 
number of the components of attack behavior (approach, use of forepaws, and biting). The present results may point to 
possible serotonergic involvement in the inhibitory control of several aspects of affective attack. 

Affective attack Aggression Brain stimulation PCPA Rage Serotonin Ventromedial hypothalamus 

MUCH evidence,  largely based  u p o n  the  cent ra l ly  active 
t r y p t o p h a n  h y d r o x y l a s e  i n h i b i t o r  p a r a - c h l o r o p h e n y l a l a n i n e  
(PCPA);  [4, 14, 2 0 ] ,  po in t s  to  the  ex is tence  of  a 
se ro tonerg ic  i n h i b i t o r y  m e c h a n i s m  in the  con t r o l  of  preda-  
to ry  behav ior  [5, 8, 12, 16, 22 ] .  Despi te  this  cons i s t en t  
p a t t e r n  of  d i s inh ib i t ion  for p r e d a t o r y  aggressive behavior ,  
however ,  on ly  par t ia l ly  cons i s t en t  resul ts  are seen af ter  
equiva lent  b iochem i ca l  m a n i p u l a t i o n s  on  a second  t y p e  of  
aggression, affect ive a t t ack  (rage);  [ 8, 18 ]. Thus ,  a l t h o u g h  
early repor t s  suggest increases  in i r r i tabi l i ty  and aggressive- 
ness s u b s e q u e n t  to  the  a d m i n i s t r a t i o n  PCPA [8, 14, 22]  
o the r  more  r ecen t  r epor t s  fail to  o b t a i n  any  such  increases 
[3, 16, 2 8 ] ,  or a l t e rna te ly ,  r epo r t  decreased aggressiveness 
[7 ] .  

Because b ra in  s t imu la t ed  e m o t i o n a l  behav io r  offers  
specific, quan t i f i ab le ,  and  stable measures  of  aggression 
which  are readi ly  el ic i table  u n d e r  con t ro l l ed  cu r r en t  condi-  
t ions  it r epresen t s  a useful  basel ine for  the  fu r t he r  
eva lua t ion  of  the  effects  of  se ro tonerg ic  dep l e t i on  u p o n  
affect ive  a t tack .  The  presen t  r epor t  sough t  to  clarify the  
effects  of  PCPA u p o n  affect ive  aggressive behavior ,  using 
direct  s t imu la t i on  of  the  cen t ra l  a t t ack  subs t ra te  to  
es tabl ish  a basel ine  for  the  eva lua t ion  of  drug effects .  All 
tes t ing  was carr ied out  using a wi th in -an imal s  design and  
extens ive  tes t ing  of the  c o m p o n e n t  behaviors  tha t  compr i se  
an a t t ack  episode.  

METHOD 

Animals 

Animals  were four  adul t  female  cats weighing 2 . 0 - 3 . 5  
kg, ob t a ined  f rom a local suppl ier  (Bio-Medical  Supply  
Inc.). All an imals  were m a i n t a i n e d  on  ad lib food  and wa te r  
t h r o u g h o u t  the  expe r imen t .  Norma l  day-n ight  cycles of  14 
hr  day l i gh t / 10  hr da rkness  were m a i n t a i n e d  by  na tu ra l  and  
artificial  l ighting.  

Surgery 

Animals  were anes the t i z ed  wi th  an i n t r ape r i t onea l  
in jec t ion  of 3 5 m g / k g  sod ium p e n t o b a r b i t a l  (Nembu ta l ) .  
Each an imal  was s te reo tax ica l ly  i m p l a n t e d  wi th  12 stainless 
steel e lec t rodes  0.25 m m  in d i ame te r  insu la ted  to  the  tip. 
Two ind i f fe ren t  e lec t rodes  were a t t a ched  to  stainless steel 
screws in the  skull  for  purposes  of m o n o p o l a r  s t imula t ion .  
All the  e lec t rodes  were a imed at the  v e n t r o m e d i a l  h y p o t h a -  
lamic  nuc leus  [ 2 3 ] .  Surgery was p e r f o r m e d  u n d e r  asept ic  
cond i t ions ,  and  at the  end  of surgery 150 ,000  un i t s  of 
Bicillin were admin i s t e red  in t ramuscu la r ly .  

Apparatus 

During  tes t ing the  subjec ts  were m a i n t a i n e d  in a 61 x 
61 x 61 cm isola t ion  chamber ,  wi th  a c o n s t a n t  level of 
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masking noise provided  by  a vent i la t ing  fan and whi te  noise 
generator .  One wall of the  c h a m b e r  consis ted of  a one-way 
mirror ,  t h r o u g h  which  all observa t ions  were  made.  

Procedure 

One week af ter  surgery animals  were tes ted  for  
r e spond ing  to s t imula t ion .  Electr ical  pulses were genera ted  
by a Grass  SD-9 s t imula to r  and  m o n i t o r e d  across a 100 
o h m  resistor  in a series wi th  the  an imal  on a Hewlet t -  
Parkard  122A oscil loscope.  S t imula t ion  consis ted of  m o n o -  
phasic square  waves (200  pulses /sec)  delivered for  1.0 msec  
dura t ion  t h r o u g h  a 2 u F  capac i to r  in series wi th  the  an imal  
to p roduce  biphasic  pulses and  min imize  e lec t rode  polariza-  
t ion.  All s t imu la t ion  was p resen ted  uni la tera l ly  in 15 sec 
t ra ins  wi th  a 1 min  interval  be t w een  trains.  Cur ren t  levels 
were d e t e r m i n e d  immed ia t e ly  pr ior  to  each s t imula t ion  by  
the p r e sen t a t i on  of a single 1.0 msec pulse. Only  sites tha t  
cons is ten t ly  yie lded a t t ack  charac ter ized  by  voca l iza t ion  
(hissing and growling),  p i loerec t ion ,  and  d i rec ted  a t t ack  
were chosen  for  add i t iona l  test ing.  Dur ing this  ini t ial  
screening and all subsequen t  aggression tes t ing a small  
s tuffed toy  an imal  m a n i p u l a t e d  by means  of  a manua l ly  
opera ted  rod was m a i n t a i n e d  in cons t an t  i rregular  m o t i o n  
during the  tes t  session and  served as an a t t ack  ob jec t  for  the  
assessment  of  the  var ious c o m p o n e n t s  of  a t t ack  behavior .  

A t t ack  behav io r  was quan t i f i ed  in two  manne r s :  first 
by the d e t e r m i n a t i o n  of the  s t imu la t i on  th re sho ld  for  
a t tack  and response  p robab i l i t y  at t h resho ld ;  and  secondly  
by means of a ra t ing p rocedure  for  the  effects  of  the  drug 
on various c o m p o n e n t s  of a t t ack  to a cons t an t  supra- 
th resho ld  s t imulus .  

Thresholds  were ob t a ined  by s tar t ing wi th  a clearly 
nonef fec t ive  s t imulus  and i n c r e m e n t i n g  the  cu r ren t  on  
each trial by  0.1 m A  un t i l  an a t tack  was ob ta ined .  Behavior  
in response  to sup ra th re sho ld  s t imu la t ion  was b r o k e n  down  
into three  categories  def ined as: (1)  app roach  ( l o c o m o t i o n  
fol lowed by paw or m o u t h  con tac t  wi th  the  a t t ack  ob jec t ) ;  
(2) bi t ing;  and,  (3) use of forepaws.  Each ca tegory  was 
rated on a 0 - 3  scale by  two  i n d e p e n d e n t  raters ,  one  of  
whom was the  e x p e r i m e n t e r  and the  second of w h o m  was 
bl ind with regard to drug admin i s t r a t ion ,  cur ren t  level, and 
the purpose  of the  expe r imen t .  

The cri teria es tabl ished for scaling each ca tegory  were 
as follows: 

Approach. 0 no observable  l o c o m o t i o n ,  1 delayed 
l o c o m o t i o n  t e rmi na t i ng  in m o u t h  or paw con tac t  pr ior  to  
or at offset  of s t imula t ion ,  2 shor t  l a tency  in i t i a t ion  of 
l o c o m o t i o n  (2 5 sec) and direct  app roach  to a t tack objec t ,  
3 .... immedia te  (< 2 sec) l o c o m o t i o n  and direct  app roach  to 
a t tack  object .  

Biting. 0 - no oral con tac t  wi th  a t tack objec t ,  1 any 
oral con tac t  wi th  a t t ack  object  involving jaw m o v e m e n t ,  2 

one or more  clearly def ined bites, wi th  full open ing  and 
closure of m o u t h ,  3 - repea ted  r h y t h m i c  b i t ing  with full 
jaw open ing  and closure. 

Use o f  Forepaws. 0 no paw con tac t  with  a t tack  
object .  1 any paw con tac t  wi th  a t t ack  objec t ,  2 at least 
one paw in con tac t  wi th  a t tack  objec t  for  more  than  2 sec 
with a t t e m p t s  to  hold  a t tack  objec t ,  3 b o t h  paws in 
ex t ended  con tac t  wi th  a t tack  object .  The par t icular  cate- 
gories and scaling procedures  have previously been shown 
to be effect ive in the  analysis of drug effects  u p o n  a t tack 
113].  

Two stages of tes t ing  were employed .  There  were: 
e s t ab l i shmen t  of a s table basel ine  of aggressive behav ior  
under  nondrugged  cond i t ions ,  and drug admin i s t r a t i on  for 
two consecut ive  days, wi th  behaviora l  tes t ing  for  drug 
effects  beg inning  immed ia t e ly  pr ior  to  the  second day of 
drug in jec t ion .  All test  sessions were less t han  1 hr  in 
length,  and separa ted  f rom each o the r  by  24 hr. 

Ini t ia l  (basel ine)  tes t ing  consis ted  of  2 - 4  sessions of 
tes t ing  subsequen t  to  the  init ial  behaviora l  p ro toco l .  Test- 
ing was c o n t i n u e d  un t i l  measures  of  th resho ld ,  approach ,  
and bi t ing  responses  of a given animal  were u n c h a n g e d  for  
two consecut ive  sessions; no  an imal  requi red  more  than  4 
sessions. In order  to  equa te  n u m b e r  of in jec t ions  for  all 
animals  all con t ro l  sessions were run  w i t h o u t  in jec t ions  of 
any sort.  

Immed ia t e ly  af ter  the  f inal  day  of basel ine test ing,  all 
animals  were injected wi th  PCPA and behaviora l  tes t ing was 
resumed 24 hr  later.  A second in jec t ion  of  PCPA was 
admin i s t e red  immed ia t e ly  af ter  Day 1 drug tes t ing (i.e., 48 
hr af ter  the  f inal  basel ine)  and tes t ing c o n t i n u e d  for  an 
add i t iona l  three  sessions. 

Pa ra - cho ropheny la l an ine  m e t h y l  ester  (Sigma C-3635)  
was p repared  in a no rma l  saline vehicle so lu t ion  to which  1 
drop of p o l y o x y e t h y l e n e  mono-o l ea t e  (Tween-80;  Sigma 
P1754)  had  been  added  for  purposes  of solvat ion.  The drug 
was in jected i n t r ape r tonea l ly  (250  mg/kg)  in a p p r o x i m a t e l y  
5 cc vehicle solut ion.  The dosage used was based u p o n  
previous repor t s  ind ica t ing  app rox ima te ly  80% dep le t ion  of  
whole  brain s e ro ton in  levels in the  cat under  similar 
p rocedures  [4, 1 1 , 2 0 ] .  

Statistics 

In order  to assess drug effects  across ex t ended  test ing 
each response  was analyzed across the  tes t ing per iod via a 
repea ted  measures  analysis of var iance [6 ] .  In addi t ion ,  
cor re la t ions  be tween  e x p e r i m e n t e r  and bl ind ra ter  were 
calculated using Pearson ' s  r [ 6 ] .  

Histo logy 

At the  close of the  e x p e r i m e n t  each animal  was 
injected wi th  an overdose  of Nembuta l ,  and per fused  first 
wi th  a so lu t ion  of no rma l  saline and subsequen t ly  wi th  a 
solut ion of 10% f o r m a l d e h y d e  in saline. Brains were 
removed,  sliced in 40 mic ron  sect ions,  s ta ined and ex- 
amined microscopica l ly  [ 2 3 ] .  All sites which  were used 
were located in the v e n t r o m e d i a l  h y p o t h a l a m i c  nuc leus  and 
in the pos te r ior  h y p o t h a l a m i c  area [ 24 ]. 

P.ESULTS 

Between ra ter  cor re la t ion  for all behaviora l  data  was 
0.85. All data  are presen ted  as means  of rat ings of the  two 
raters. Resul ts  are presented  in Table  1. It may  be seen tha t  
PCPA p roduced  slight bu t  no t  s ignif icant  decreases in 
evoca t ion  th reshold  dur ing  tests  c o n d u c t e d  af ter  in i t ia t ing 
drug admin i s t r a t ion .  It may  also be seen tha t  p robab i l i t y  of  
response increased s ignif icant ly,  as did two of the  three 
behavioral  response  category rat ings ( approach  and use of 
paws). The th i rd  response  category (bi t ing)  was also 
increased but  not  s ignif icantly.  Thus,  all measures  of  a t tack 
showed evidence of po t en t i a t i on ,  wi th  three  of five 
measures reaching stat ist ical  significance. 

DISCUSSION 

Previous repor t s  have p roduced  only part ial ly consis-- 
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T A B L E  1 

EFFECTS OF PCPA UPON BRAIN STIMULATED AFFECTIVE BEHAVIOR 

Response 
Category 

Mean Ratingt 
Mean Ratingt (postdrug (Postdrug (Postdmg (Postdmg 

(predrug) Day 1) Day 2) Day 3) Day 4) F p* 

Threshold 0.49 0.50 0.40 0.40 0.43 3.1 <. 10 
(in milliamperes) 
Probability 0.31 0.50 0.75 0.87 0.87 4.5 <.025 
(at pre-drug 
threshold) 
Approach 1.25 1.50 1.75 2.25 2.00 3.8 <.05 
Biting 1.00 1.00 1.50 2.00 2.00 3.2 < .06 
Use of Forepaws 1.0 1.25 1.50 2.00 1.75 3.3 <.05 

*Degrees of freedom are 4, 12 for all categories. 
tPCPA was administered at the close of this session. 

tent  evidence for PCPA disinhibi t ion of  affect ive attack. 
The present results suggest that  PCPA does in fact 
po ten t ia te  a variety of  at tack behaviors,  and that  it 
addit ional ly increases the overall probabi l i ty  o f  affective 
attack. In contrast  to previous reports  which generally 
employed  baselines of  shock induced and spontaneous  
aggression in rats and mice for the assessment of  altered 
affective behavior,  the present  repor t  employed  bo th  a 
novel species and a novel  model  of attack. While the use of  
central  s t imulat ion to directly activate at tack circuits might  
be objected to as being less appropr ia te  than a variety of  
more naturalistic means of producing attack (e.g., via shock 
or o ther  peripheral  i rr i tat ion) it should be noted that  the 
present mode l  of  at tack shares bo th  behavioral  [9] and 
mot ivat ional  [ 1] propert ies  in c o m m o n  with the latter. 
Moreover,  5-HT deplet ion has previously been shown to 
augment  peripheral  irr i tabil i ty in a manner  consistent  wi th  
the present results [ 15, 22 ]. 

Two addi t ional  points  might  be no ted  regarding the 
b iochemical  and behavioral  specifici ty of  the present 
manipulat ions.  Since a within-animals design was employed  
direct b iochemical  assessment of  PCPA induced changes in 
brain amines was necessarily precluded.  While PCPA is 
relatively specific inhibi tor  of  t ryp tophan-hydroxylase ,  at 
least some evidence suggests it may also deplete cate- 
cholamine (CA) conta ining neurons [14, 17, 19, 25] .  
However,  the involvement  of  catecholamines  in the present 
results may be quest ioned in terms of  the established 
involvement  of  CA in aggressive behavior.  Reis [21] reports  
that both  noradrenal ine (NA) and dopamine  (DA) may be 
faci l i tatory neurot ransmit ters  in affect ive attack. Since 

PCPA might  have partially depleted NA and DA, a 
reduct ion  rather than an increase in aggression could be 
predicted ceteris paribus. Since the present  results point  to 
an increase in aggressivity, NA and DA may play only a 
minor  role in the present results. 

It might also be objected that  the present increases in 
aggression may reflect  an effect  of the test ing procedure  
itself, independent  of  drugs. Al though a within-animals 
design again precluded a defini t ive answer to this quest ion,  
several factors argue against this in terpreta t ion.  We have 
had occasion to subject undrugged subjects to a schedule of  
s t imulat ion quite  similar to the one repor ted  herein. Animals 
receiving 5 daily s t imulat ion sessions of 1 hr each showed 
either small decreases in responding (3 of  5 animals) or no 
change (2 of  5 animals) (F ratios for at tack evocat ion 
threshold,  attack probabil i ty,  approach,  bit ing and use of 
forepaws were 0.8, 1.2, 0.9, 0.7, 1.3 respectively,  d f  = 
4,16). These results differ considerably from the repor ted  
PCPA effects. Other  published reports  also suggest de- 
creases in sensitivity with repeated testing [ 10]. 

In conclusion,  it might  be noted with  regard to the 
present findings that  recent  reports  suggest an increased 
for spontaneous  intraspecific at tack in mice with lower 
serotonin turnover  [27] .  While there exist bo th  theoret ical  
[18] and empirical  [2] grounds for dissociating this model  
of at tack f rom the one employed  in the present design, 
these findings taken in conjunc t ion  with reports of  PCPA 
facili tated predat ion [5, 8, 12, 16 19] suggest that  a 
reduct ion in the turnover  of serotonin,  whether  due to 
biochemical  in tervent ion or lower metabloic  capacity will 
cause increases in several forms of  aggression. 
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