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CHEREK, D. R. AND T. THOMPSON. Effects ofA ~ .tetrahydrocannabinol on schedule-induced aggression in pigeons. 
PHARMAC. BIOCHEM. BEHAV. 1(5) 493-500, 1973.-The effects of Al-tetrahydrocannabinol (z~-THC) on key- 
pecking maintained by a response-initiated fixed interval (FI) schedule of food presentation and schedule-induced aggres- 
sion in the pigeon were studied. The rate of attack responses was suppressed more than the rate of key-pecking, relative to 
their vehicle control rates, following the administration of A~ -THC (Experiment 1). In order to determine if the relatively 
selective effect of ~I-THC on attack rate was the result of a rate-dependent drug effect, the rates of key-pecking and 
attack responding were equated prior to drug administration in Experiment 2. Again a selective decrease in the rate of 
attack responses by 4 '  -THC, compared to its effects on key-pecking, was observed when the rate of the two behaviors was 
comparable. The suppressing effect of zX ~ -THC on attack responses cannot be attributed to a generalized motor impair- 
ment, since doses of ~ -THC (0.125 and 0.25 mg/kg) which had little or no effect on the rate of key-pecking resulted in 
substantial decreases in the rate of attack responses. 

Aggression A' -tetrahydrocannabinol Pigeon 

THE ACUTE adminis t ra t ion of  marihuana extracts  or 
A , - t e t r ahydrocannab ino l  (A~.THC),  believed to be the 
major  active principle in marihuana [26] ,  has been found 
to decrease aggressive behavior  in a variety of  species. 
Isolat ion-induced aggression in mice was markedly  sup- 
pressed by marihuana extracts [3, 28, 29] .  Marihuana 
extracts  and A ' - T H C  also reduced aggressive behavior  in 
large colonies of  mice [31] .  Gonzales et al. [14] reported 
that  marihuana extracts  and A I -THC produced a suppres- 
sion of  aggressive-display behavior  in the siamese fighting 
fish. Both facil i tat ion and inhibi t ion of  dominance  behavior 
have been observed in rats compet ing  for food,  as well as 
decreases in predatory  aggression in rats, fol lowing the 
adminis t ra t ion of  zxI-THC [I 7, 21, 22] .  In contrast ,  mari- 
huana extracts  and zx ' -THC have been found to have no 
effect  on shock-elicited fighting in rats [2 ,19] .  Increased 
shock-elicited fighting has been repor ted  only during initial 
exposure to marihuana extracts  [2] .  

Al though numerous  studies have determined the effects  
of  various drugs on aggression in inf rahuman species [34] ,  
two basic problems cont inue  to hinder  research in this area; 
(a) the lack of  accurate and objective measurement  of  
aggressive behavior ,  and (b) the inabil i ty to de termine  selec- 
tivity of  drug action. Methods previously employed  in 
assessing the effects of  drug on aggression (e.g., isolation, 
predatory  at tack,  etc.) have relied on direct observation to 

measure aggressive behavior.  Recording of aggression by 
human observers, necessarily involves arbitray decisions 
regarding the occurrence and /o r  f requency of  attack. 
Because ambiguous cri terion are of ten  employed ,  the repli- 
cation of  results in o ther  laboratories is one of  the major  
problems confront ing  research which depends upon direct 
observat ion [ I0 ] .  With the in t roduct ion  of  the methods  of  
schedule-induced aggression in pigeons [1] and shock- 
elicited biting in squirrel monkeys  [ 15 ],  it was possible to 
more object ively record aggressive behavior.  The develop- 
ment  of  techniques  for au tomat ic  recording of  aggressive 
behavior  el iminated the necessity of  employing  direct 
observational recording, which have hindered previous 
objective quant i f icat ion of  aggression. 

A second problem in aggression research is the evalua- 
t ion of  specificity of  drug action. At tempts  to de termine  
the selectivity of  drug effects are impor tan t ,  since almost  all 
drugs decrease aggressive behavior  at some dose [ 18 ]. Thus, 
it is necessary to distinguish be tween  a drug effect  on 
aggressive behavior  and an effect ,  such as sedation or m o t o r  
impairment ,  which affects the total  behavioral  repertoire  of 
the subject. One me thod  of  dealing with this problem is to 
measure the effects of  the drug on more than one behavior  
at the same or approximate ly  the same t imes [30] .  How- 
ever, a large number  of  studies have failed to measure drug 
effects on o ther  behaviors,  so that  the specificity of  the 

t The monoterpenoid numbering system for tetrahydrocannabinols was employed. Al-tetrahydrocannabinol is equivalent to A 9- 
tetrahydrocannabinol using the pyran numbering system. 
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repor t ed  ef fec t  on  aggressive behav io r  c a n n o t  be  ascer- 
ta ined.  In m a n y  inves t iga t ions  the  se lec t iv i ty  of  drug ac t ion  
has been  d e t e r m i n e d  by  using ra t ions  of doses ( E D 5 0 )  
wh ich  have an ef fec t  on aggressive behav io r  wi th  doses 
p roduc ing  o t h e r  behaviora l  effects  (e.g., decreased m o t o r  
act iv i ty ,  impai red  ro ta rod  p e r f o r m a n c e ,  etc.) .  Of ten ,  how- 
ever, the  same drug ef fec t  can be  classified as select ive or 
nonse lec t ive  d e p e n d i n g  on  which  a l te rna t ive  behav iora l  
measure  is e m p l o y e d  [9 ] .  

In the  p resen t  inves t iga t ion ,  the  effects  of  A , - T H C  on 
schedu le - induced  aggression in p igeons  were s tudied.  This  
t e c h n i q u e  has  two advantages  over  o t h e r  p rocedure s  used in 
evaluat ing  the  effects  of  A 1 -THC, or o the r  drugs,  on  aggres- 
sion. First ,  this  m e t h o d  uti l izes an a u t o m a t e d  object ive  
measure  of aggressive behav ior ,  thus  avoiding the  use of 
d i rec t  obse rva t iona l  recording.  Secondly ,  it is possible to  
compa re  the  effects  of  A ' -THC on two c o n c u r r e n t l y  occur-  
ring behaviors ,  food  re in forced  r e spond ing  and aggressive 
a t tack .  The  d e t e r m i n a t i o n  of  select ivi ty  o f  d rug  ac t ion  on 
two  behaviors  occur r ing  over  the  same t ime in terval  w i th in  
the  same e n v i r o n m e n t a l  con t ex t ,  a f fords  a m o r e  valid esti- 
ma te  of the  specif ic i ty  of  drug ac t ion .  

EXPERIMENT 1 : EFFECTS OF A ~ -THC ON SCHEDULE-INDUCED 
AGGRESSION 

M e t h o d  

A nimals. Three  expe r imen ta l l y  naive male  whi te  Ca rneaux  
pigeons (Pa lme t to ,  Sumter ,  So. Carol ina)  served in this  exper-  
iment .  Two add i t iona l  p igeons  were used as targets ,  whi le  a 
t ax ide rmica l ly  p repa red  p igeon was used as a target  wi th  
one  bird (P 46) .  The  e x p e r i m e n t a l  an imals  were food  
depr ived  and m a i n t a i n e d  at 80% of  the i r  f ree-feeding 
weights ;  ta rge t  b i rds  were no t  food depr ived.  Each  target  
bird was paired wi th  a specif ic  e x p e r i m e n t a l  an imal  for  the  
en t i re  expe r imen t .  All p igeons  were housed  in indiv idual  
cages wi th  wa te r  and  grit con t i nous l y  available.  

Apparatus .  A s tandard  p igeon ope ran t  tes t  c h a m b e r  
(Model  1 4 3 - 0 5 ,  Lehigh Valley Elec t ronics ,  Fogelsville,  Pa.) 
con t a in ing  a single response  key and a so leno id -opera ted  
food del ivery m e c h a n i s m  was used. The response  key was 
t r ans i l l umina ted  by  a whi te  light.  The c h a m b e r  was i l lumi-  
na t ed  by  an  overhead  light and whi t e  noise was p resen t  
con t i nous ly  to mask  e x t r a n e o u s  sounds .  

The  appa ra tus  for  r ecord ing  aggressive a t t acks  was 
s imilar  to  t ha t  descr ibed by  Azr in  et  al. [1 ] .  The  target  
birds were res t ra ined  in an  opaque  box  by  me ta l  bands  
fas tened  over  each  wing; thus  expos ing  the  head ,  neck  and  
u p p e r  breas t  t h rough  the  top  o f  the  res t ra in ing  device.  The  
res t ra in ing  b o x  was m o u n t e d  on a me ta l  f rame con ta in ing  
an  ad jus tab le  spr ing and mic roswi tch .  A force of  at least 
100 g exer ted  against  the  f ron t  of  this  b o x  by  the  experi-  
m e n t a l  animal ,  dur ing  per iods  of  a t t ack ,  resul ted in a swi tch  
closure.  Each swi tch  closure was recorded  as an a t t a c k  
response.  The  res t ra in ing  box  was loca ted  on  the  side of  the  
c h a m b e r  ad jacen t  to the  response  key.  Plexiglas shields on  
e i the r  side of  the  res t ra in ing  b o x  p reven t ed  the  experi-  
m e n t a l  animals  f rom ge t t ing  b e h i n d  the  target ,  s ince on ly  
d i sp lacement s  of the  f ron t  of the  res t ra in ing  b o x  were 
recorded .  A l t h o u g h  target  birds m a k e  vigorous  defensive  
m o v e m e n t s  pr ior  to and  fo l lowing per iods  of  a t t ack ,  such  
m o v e m e n t s ,  by  themse lves  (i.e., in the  absence  of  a t t ack) ,  
did no t  resul t  in swi tch  closures [6 ] .  

The  en t i re  appa ra tu s  was loca ted  in a ven t i l a ted ,  sound-  

a t t e n u a t i n g  enclosure .  All p r o g r a m m i n g  and record ing  were 
pe r fo rmed  by e l ec t romechan ica l  e q u i p m e n t  in an ad jacen t  
room.  

Procedure.  Key-pecking on  the  response  key was rein- 
forced  wi th  food  p r e s e n t a t i o n  on  a response- in i t ia ted  
f ixed- interval  (FI)  2 min  schedule  [ 2 5 ] .  On such  a 
schedule ,  the  first response  af te r  r e i n f o r c e m e n t  in i t ia ted  the  
nex t  f ixed interval ,  and the  first response  af te r  the  interval  
elapsed was re in forced .  During food del ivery,  the food 
magazine  was i l lumina ted  and  the  response  key light was 
ex t inguished .  R e i n f o r c e m e n t  consis ted  of  a 3 sec access to  
Pur ina  pou l t r y  pellets.  Daily sessions were t e r m i n a t e d  af te r  
45 min.  

Key-peck ing  was hand- shaped ,  and  birds  were s tabi l ized 
on  a FI  2 rain food  r e i n f o r c e m e n t  schedule .  Such a 
schedule  was found  to induce  aggression [ 5 ] ,  and the  
h ighes t  rates  of  a t t ack  were observed at FI  values of  2 or 3 
min  [8 ] .  To prevent  the  supers t i t ious  r e i n f o r c e m e n t  of  
a t t ack  responses ,  a change-over-delay (COD) o f  15 sec was 
in te rposed  b e t w e e n  the  occurrence of  each a t t ack  response  
and the  p r e s e n t a t i o n  of  food fo l lowing a key-peck ing  
response  [4 ] .  This  c o n t i n g e n c y  (i.e., COD) p reven ted  the  
acc identa l  t empora l  associa t ion  of  a t tacks  against  the  target  
and  food p resen ta t ion .  

S y n t h e t i c  A1-THC in 95% e thano l  (200  mg/cc) ,  
ob t a ined  f rom NIMH, was suspended  in a m i x t u r e  of  2% 
Arlacel-20 and Tween-65  in saline [ 2 7 ] .  Suspens ions  were 
s tored in the  dark  at 4 degrees C. Drug or vehicle in jec t ions  
were admin i s t e red  in a c o n s t a n t  vo lume  of  1 ml /kg  of  b o d y  
weight .  Doses of  A ~ -THC (0 .125 ,  0 .25,  0.5,  and 1.0 mg /kg )  
were in jec ted  IM two hours  pr ior  to  the  beg inn ing  of  the  
session. Dosages were given in a r a n d o m  order ,  w i th  each 
dosage level be ing  admin i s t e red  twice. 

Birds were run  wi th  the  target  bird  p resen t  (in the  res- 
t ra in ing  b o x )  every th i rd  session:  (a) to  min imize  in jury  to  
the  target  b i rd ,  and (b)  to avoid the  decrease  in aggression 
observed w h e n  subjec ts  are exposed  to  a target  over  succes- 
sive sessions [6 ] .  A vehicle or a ~-THC in jec t ion  was also 

- given every th i rd  session, w h e n  the  target  bird was presen t ,  
w i th  two in te rven ing  n o n i n j e c t i o n  sessions separa t ing  each  
vehicle and  drug session. To min imize  the  d e v e l o p m e n t  of  
to le rance ,  six days elapsed be tween  each  drug session [ 2 4 ] .  
Dur ing the  n in in j ec t i on  sessions, birds  were run  on  the  FI 2 
min  food r e i n f o r c e m e n t  schedule  wi th  the  target  bird  and  
res t ra in ing  box  absent .  

Resu l t s  

The effects  of  A 1 -THC on the  m e a n  rate  of  key-peck ing  
and  the  mean  rate of  a t t ack  responses  (i.e., swi tch  closures 
recorded  by  the  res t ra in ing  appa ra tu s )  are shown  in Fig. 1. 
Rates  of  r e spond ing  are expressed as a pe rcen tage  of  the  m e a n  
vehicle con t ro l  rate .  A ' - T H C  p roduced  d o s e - d e p e n d e n t  
decreases  in the  ra te  of  a t t ack  and rate  of  key-pecking .  With 
two of  the  animals  (P 48 and P 57)  b o t h  rates were 
decreased to zero  at  1.0 mg/kg;  wi th  an imal  P 46 the  rate of  
key-peck ing  was decreased to 35% of the  con t ro l  ra te  and  
the  rate of  a t t ack  was reduced  to 10% of  the  con t ro l  rate.  
The  rate of  a t t ack  was suppressed more  t han  the  rate of  
key-pecking ,  relat ive to the i r  vehicle con t ro l  rates,  at all 
o t h e r  doses of  A ' -THC. At  0.25 and 0.5 mg/kg ,  the  ra te  of  
key-peck ing  was decreased to 7 5 - 9 5 %  and 55 65% of the  
vehicle con t ro l  rate ,  while the  ra te  of  a t t ack  was decreased 
to 3 5 - 5 5 %  and 1 5 - 2 5 %  of the  con t ro l  rate.  Thus ,  A1-THC 
suppressed  the  ra te  of  a t t ack ,  relat ive to controls ,  more  
t han  the  rate of  key-pecking.  
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FIG. 1. The effects of ,~ -THC on mean rate of key-pecking on FI 2 min food reinforce- 
ment schedule and the mean rate of attack responding (i.e., switch closures recorded by the 
restraining apparatus). The vertical lines labeled F (food responding) and A (attack res- 
ponding) represent the range of response rates observed during vehicle control sessions 
expressed as a percentage of the mean control value. The mean vehicle control response 
rates (responses per min) were: 40.11 (P 46), 95.32 (P 48), and 42.11 (P 57) for key- 
pecking and 6.86 (P 46), 8.49 (P 48), and 5.42 (P 57) for attack responding. The vertical 

lines at each dosage point represent the range of two observations. 

Cumulative records of the performance of  pigeon P 46 
are shown in Fig. 2. The effects of a ~ -THC on responding 
on FI 2 min food reinforcement schedule were similar to 
those reported by Frankenheim, et  al., [ 12]. A ' -THC had 
little or no effect on the FI pattern of responding. The 
slight decrease in response rate observed at 0.125 and 0.25 
mg/kg, was due primarily to increased postreinforcement 
pausing (i.e., time between reinforcement presentation and 
the initiation of the next fixed interval). Higher doses (0.5 
and 1.0 mg/kg) produced a dose-dependent cessation of 
responding, after periods of responding at near vehicle 
control rates earlier in the session. 

Attack responses occurred primarily during the post- 
reinforcement pause and early portions of the fixed 
interval, as has been previously reported [5].  A dose of 
0.125 or 0.25 mg/kg of A~-THC had little or no effect on 
food reinforced responding, while producing a marked 
decrease in the attack rate. Following vehicle injections, 
attack occurred during almost every postreinforcement 
pause (refer to Fig. 2). Attacks continued to occur during 

most of the postreinforcement pauses after the adminis- 
tration of 0.125 and 0.25 mg/kg of A ' -THC,  however, the 
number of attacks during each postreinforcement pause was 
greatly reduced. The number of  postreinforcement pauses 
during which no attacks occurred, increased as the dose of 
,x ~ -THC increased. 

EXPERIMENT2:  RATE-DEPENDENT EFFECTS O F A  J-THC 

The ongoing rate of  behavior is known to be an impor- 
tant determinant of  the behavioral effects of  drugs. 
Numerous drugs have been shown to have rate-dependent 
effects, in that, the effect of the drug (i.e., an increase or 
decrease in response rate) is dependent upon the ongoing 
rate of behavior prior to drug administration [ 16,32]. Such 
rate dependent effects have been demonstrated for amphet- 
amine, methamphetamine, barbiturates, morphine, cocaine, 
imipramine, meprobamate, and chlordiazepoxide [9, 10, 
13, 33]. 

In Experiment 1 the effects of  ~ ' - T H C  on two 
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45 MINUTE SESSION 

FIG. 2. Sample cumulative records for pigeon P 46 responding on Fl 2 rain food reinforce- 
ment schedule following the administration of vehicle or 2x ~-THC. Following the presen- 
tation of food, the recording pen reset to the baseline. Attack responses are indicated by a 

brief downward deflections of the response pen. 

behaviors  occurr ing at d i f ferent  rates were s tudied;  key- 
pecking main ta ined  by food p resen ta t ion  (40 95 responses  
per min)  and at tack responses  ( 4 - 1 2  responses  per min).  
The observed selective effect  of  A ' - T H C  on a t tack res- 
ponses  may have been  the result of  a r a t e -dependen t  ef fect  
(i.e., A~_THC selectively suppresses  low rate behaviors as 
opposed  to high rate behaviors) ,  ra ther  than  a selective 
effect  on schedule- induced  aggressive behavior.  In order  to 
de t e rmine  if the effect  o f  A~-THC on aggression might  be 
the result of  a r a t e -dependen t  effect ,  the rates of  the two 
b e h a v i o r s  (key-pecking and a t tack responding)  were 
equated  pr ior  to drug admin is t ra t ion  in Expe r imen t  2. 

Method 

A nirnals. Three exper imenta l ly  naive male white  Carneaux 
pigeons served in this exper iment .  Three o the r  pigeons were 
used as targets.  

Apparatus. The apparatus  was the  same as descr ibed in 
Expe r imen t  1. 

Procedure. In order  to decrease the rate of  key-pecking 
to a rate comparable  to the rate of  a t tack,  a 6 - 8  sec DRL 
(i.e., d i f ferent ia l  r e in fo rcemen t  of  low rate responding)  
con t ingency  was added  in t andem with  the  FI 2 rain food 
r e in fo rcemen t  schedule .  With this schedule ,  the first res- 
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ponse  af te r  the  2 m i n  interval  elapsed was re in forced  (as in 
E x p e r i m e n t  1), p rov ided  at least  6 - 8  sec had  elapsed since 
the  previous  response  (i.e., t and  FI  2 m i n  D RL  6 - 8  sec). 
This resul ted  in the  b i rd  spacing all responses  t h r o u g h o u t  
the  f ixed in terval  a b o u t  6 sec apar t ,  t hus  resul t ing  in a 
lower  overall  ra te  of  key-pecking .  

P i g e o n s  were hand - s haped  to  key-peck ,  and  t h e n  
r e spond ing  was re in forced  on  a response- in i t i a ted  fixed- 
in terval  (FI)  schedule .  Birds were r un  on  an FI  2 min  
schedule ,  and  a f te r  t w o  weeks the  D R L  con t i ngency  was 
added.  The  bi rds  were exposed  to  an  FI  2 m i n  DRL 5 sec 
schedule  for  one  week and t hen  the  D RL  value was 
increased to 6 sec. The  p igeons  were t h e n  run  in the  
presence  of  an accessible target  bird  every th i rd  day as in 
E x p e r i m e n t  1. If the  ra te  of  a t t ack  and  the  ra te  of  key-  
p e c k i n g  were co m pa r ab l e ,  t he  D R L  value r ema ined  
unchanged .  If the  ra te  of  key-peck ing  was still h igher ,  the  
DRL value was increased to 8 sec. 

Fo l lowing  this ,  t he  bi rds  were admin i s t e r ed  e i the r  
vehicle or  drug on  every th i rd  session,  wi th  two  in t e rven ing  
sessions in wh ich  there  were no  in jec t ions  and the  target  
b i rd  was absen t  ( refer  to  Table  1). ~x i -THC (0 .25,  0.5,  and  
1.0 mg /kg )  was in jec ted  IM two  hr  p r io r  to  the  beg inn ing  of  
the  drug session,  wi th  each dosage level be ing  admin i s t e red  
twice.  

T A B L E  1 

DESIGN FOR EXPERIMENTS 1 AND 2 

Food Reinforcement Schedule 

Session Exp. 1 Exp. 2 Target Drug 

1 FI 2 min FI 2 min DRL 6 8 sec Absent No 

2 FI 2 min FI 2 min DRL 6 - 8  sec Absent No 

3 FI 2 min FI 2 min DRL 6 - 8  sec Present Vehicle 

4 FI 2 min FI 2 min DRL 6 - 8  sec Absent No 

5 FI 2 min FI 2 min DRL 6 - 8  sec Absent No 

6 FI 2 min FI 2 min DRL 6 - 8  sec Present A~ -THC 

7 Sequence repeated 

Resu l t s  

The  ra te  of  key-peck ing  and  a t t ack  r e spond ing  as a func-  
t ion  of  dosage of  ~ 1 -THC is s h o w n  in Fig. 3. A t  0 .25 mg /kg  
o f  a ' - T H C ,  the  ra te  o f  key-peck ing  was essent ia l ly  
u n c h a n g e d ,  and  the  ra te  of  a t t ack  r e spond ing  was decreased 
to  a p p r o x i m a t e l y  one-ha l f  the  vehicle con t ro l  ra te  at  0.5 
mg/kg,  while  there  was a decrease  in the  ra te  of  a t t ack  to a 
l i t t le  more  t h a n  10% of  the  con t ro l  rate .  Bo th  rates  were 
decreased  to near ly  zero at  1.0 mg /kg  o f  A, -THC. 

Figure 4 shows sample  cumula t ive  records  for  p igeon P 
78. At  0 .25 and  0.5 m g / k g  o f  A I-THC, the re  were on ly  
slight decreases  in the  ra te  of  key-pecking ,  while  t he  ra te  of  
a t t ack  responses  was m a r k e d l y  suppressed.  At  1.0 mg/kg ,  
b o t h  rates  were subs tan t i a l ly  decreased.  

Again a t t ack  responses  occur red  pr imar i ly  dur ing  the  post-  
r e i n f o r c e m e n t  pause.  More a t t ack  responses  were observed 
early in the  f ixed in terval  t han  in E x p e r i m e n t  1, resul t ing in 
a sl ightly h igher  ra te  of  a t tack .  The  rate  of  a t t ack  was 
great ly  reduced  at all doses of  ~ 1 -THC. 

DISCUSSION 

The  results  of  Expe r imen t s  1 and  2 ind ica te  t h a t  low 
doses (0 .125 and  0.25 mg/kg)  of  A1-THC appear  to  have a 
relat ively selective ef fec t  o f  decreas ing the  ra te  of  a t t ack  
r e s p o n d i n g  w h e n  c o m p a r e d  to its ef fects  on  the  ra te  of  
key-pecking.  A l t h o u g h  A ' - T H C  p roduce  a dose -dependen t  
decrease  in the  rats of  b o t h  responses ,  the  ra te  of  a t t ack  
was suppressed more  at a given dose of  zxl-THC than  the  
ra te  of  key-pecking ,  relat ive to the i r  vehicle con t ro l  rates.  
At  h igher  doses of  ~1 -THC (0.5 and 1.0 mg/kg)  the  rate of  
a t t ack  and key-peck ing  were b o t h  marked ly  decreased,  so 
t ha t  any  decrease  in a t t ack  rate  may  have been  the  resul t  of  
a decrease  in the  n u m b e r  of  food  p resen ta t ions ,  r a t h e r  t han  
a direct  ef fec t  of  a i -THC on the  ra te  of  a t tack .  

In E x p e r i m e n t  1, key-peck ing  and a t t ack  re spond ing  
were occur r ing  at ma rked ly  d i f fe ren t  rates  pr ior  to  drug 
admin i s t r a t ion .  The  relat ively selective ef fec t  on  the  ra te  of  
a t t ack  may  have been  the  result  of  a r a t e - d e p e n d e n t  drug 
effect ,  in tha t ,  / , I . T H C  selectively decreased a low rate 
behav io r  (i.e., a t t ack  r e spond ing)  as opposed  to a high ra te  
behav io r  (i.e., key-pecking) .  The rates  of key-peck ing  and  
a t t ack  r e spond ing  were equa ted  pr ior  to  A~-THC adminis -  
t r a t ion  in E x p e r i m e n t  2, to  d e t e r m i n e  if such a rate-  
d e p e n d e n t  ef fec t  was respons ib le  for  the  selective decrease  
in a t t ack  rate.  The  same selective suppress ing  effect  of  
/~I_THC on the  ra te  of  a t t ack  r e spond ing  was observed 
w h e n  the  rate of  key-peck ing  and  a t t ack  were comparab le .  
Thus ,  the  suppress ing  effect  of  A I -THC on  the ra te  of  
a t t ack  does no t  appea r  to  be due  to a r a t e - d e p e n d e n t  drug 
effect .  

A n o t h e r  possible  i n t e r p r e t a t i o n  of  the  ef fec t  of  A 1 -THC 
on  schedu le - induced  aggression, is a d i rec t  e f fec t  on  the  
level of  food  depr iva t ion ,  which  in t u rn  p roduces  a 
decreased rate  of  a t tack .  A1-THC has been  repor ted  to 
decrease  food  in take  in dogs and rats [ 20,23 ] .  Also, slight 
decreases in depr iva t ion  level have been  found  to decrease 
the  ra te  of  o t h e r  schedu le - induced  behaviors  (e.g., air- 
l icking and polydips ia) ,  while  having min ima l  effects  on  
food  m a i n t a i n e d  r e spond ing  [11 ]. This suppos i t i on  was 
tes ted  in a previous  e x p e r i m e n t  [ 7 ] ,  by  d e t e r m i n i n g  the  
effects  of  changes  in the  level of  food  depr iva t ion  on  
schedule - induced  aggression in pigeons.  Slight decreases in 
food depr iva t ion  level, were found  to have no  ef fec t  or 
p roduce  increases in the  ra te  of  r e spond ing  m a i n t a i n e d  by  
the  o p p o r t u n i t y  to  a t t ack ,  and  the  ra te  of  a t t ack  res- 
ponding .  Thus,  it appears  t ha t  the  decreased rate of  a t t ack  
fo l lowing 4 I -THC a d m i n i s t r a t i o n  in the  p resen t  experi-  
m e n t ,  is no t  the  resul t  of  an a l t e ra t ion  in the  effect ive  level 
of food  depr iva t ion .  One p rob l em c o n f r o n t i n g  aggression 
research is evaluat ing  the  select ivi ty of  a drug wh ich  
decreases  aggressive behavior ,  since the  ef fec t  may  rep resen t  
a general ized depressan t  ac t ion  (i.e., a taxia ,  impa i red  m o t o r  
func t i on ,  etc.) ,  the  resul ts  of  E x p e r i m e n t s  1 and 2 ind ica te  
tha t  the  suppress ing  ef fec t  of  Lx ~ -THC on schedu le - induced  
aggression c a n n o t  be a t t r i b u t e d  to a general ized m o t o r  
impa i rmen t .  Doses of  A I - T H C  (0 .125 and 0.25 mg/kg)  
which  have l i t t le  or  n o  ef fec t  on  food  m a i n t a i n e d  res- 
p o n d i n g  result  in subs tan t i a l  decreases  in the  ra te  of  a t t ack  
responses.  
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FIG. 3. The effects of AI -THC on the mean rate of key-pecking on FI 2 min DRL 6 - 8  sec 
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point represent the range of two observations. 

The re la t ively  selective decrease  in schedu le - induced  
aggression in the  p igeon  p r o d u c e d  by  zx 1-THC in the  
p resen t  expe r imen t s ,  suppo r t s  p rev ious  repor t s  of  the  
effects  of m a r i h u a n a  ex t rac t s  and  A , - T H C  on aggressive 
behav io r  in o t h e r  species. Measur ing f ight ing t ime in iso- 
la ted mice,  San tos  e t  al . ,  [29]  also f o u n d  evidence  for  a 
h igh degree of  se lect ivi ty ,  in t ha t  doses of  m a r i h u a n a  
ex t r ac t  t h a t  decreased  f ight ing t ime  b y  80%, had  l i t t le  or no  
ef fec t  on  s p o n t a n e o u s  m o t o r  act ivi ty .  Likewise,  Kilbey e t  
al. , [ 17] r epo r t ed  decreases  in p r e d a t o r y  aggression in the  
rat  by  / ,1 -THC at doses which  did no t  impa i r  ro t a rod  
pe r fo rmance .  The  a p p a r e n t l y  h ighly  select ive ac t ion  of  
m a r i h u a n a  and  4 ' - T H C  in decreas ing aggression is in 
m a r k e d  con t r a s t  to  the  effects  r epor t ed  for  mos t  o t h e r  

drugs [ 3 4 ] .  
Schedu le - induced  aggression, schedu le - induced  escape,  

and  polydips ia  are m e m b e r s  of  a class of  behaviors  t e r m e d  
" a d j u n c t i v e "  [ 1 1 ] .  The effects  of  A '  -THC on the  o the r  
ad junc t ive  behaviors  (i.e., s chedu le - induced  escape and  
po lyd ips ia )  have no t  been  s tudied .  The  effects  of  z ~ - T H C  
on  schedu le - induced  aggression repor ted  in these  experi-  
m e n t s  may  rep resen t  a select ive ef fec t  on  aggression, or on  
schedu le - induced  behaviors  as a class of  behaviors .  This  
a l te rna t ive  is feasible,  a l t hough  the  selective ef fec ts  of  
A ' - T H C  on i so la t ion- induced  and  p r e d a t o r y  aggression 
would  seem to ind ica te  specif ic i ty  regarding aggressive 
behavior .  
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FIG. 4. Sample cumulative records for pigeon P 78 responding on FI 2 min DRL 8 sec food 
reinforcement schedule following the administration of behicle or ,xl -THC. Following the presen- 
tation of food, the recording pen reset to the baseline. Attack responses are indicated by the brief 

downward deflections of the response pen. 
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