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KILBEY, M. M., K. M. JOHNSON AND D. M. MCLENDON. Time course of/`9-tetrahydrocannabinol inhibition of 
predatory aggression. PHARMAC. BIOCHEM. BEHAV. 7(2) 117-120,  1977. - Three studies assessed the time course of 
inhibition of predatory aggression and changes in levels of brain serotonin following administration of A 9-THC. In Study 
One, six groups of six rats each were administered 1.25 mg/kg 49-THC IV and frog-killing behavior was measured at six 
postinjection intervals: 30, 60, 90, 150, 210, and 270 minutes. In Study Two, tour groups of six rats each were tested. 
Group One received a vehicle control injection and was tested immediately, i.e. zero-minutes, postinjection. The remaining 
groups received 1.25 mg/kg Ag-THC, and behavior was measured at 0, 15, and 30 rain postinjection. In Study Three, two 
groups of six rats were treated with the vehicle or 1.25 mg/kg dx 9-THC and sacrificed one minute postinjection. Additional 
drug groups were sacrificed at 30 and 210 min postinjection. Levels of 5-HT were determined in four brain sections: 
cortex, midbrain, medulla, and cerebellum. Significant inhibition of predatory aggression was found tbr groups tested at 0, 
15, and 30 rain postinjection. Brain levels of 5-HT in the midbrain and/or medulla were significantly increased over the 
same period. 
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R E C E N T  REVIEWS of the  i nvo l vem en t  of  cen t ra l  neuro-  
t r ansmi t t e r s  in aggression have suggested tha t  s e r o t o n i n  
(5-HT) is p r e p o n d e r a n t l y  i n h i b i t o r y  to several fo rms  of  
aggressive behav io r  [ 5 , 1 7 ] .  Several l ines of  ev idence  
suppo r t  this  hypo thes i s .  A d m i n i s t r a t i o n  of  5 -hydroxy-  
t r y p t o p h a n ,  the  immed ia t e  p recursor  of  5-HT, b locked  
mur ic ide  in the rat  [ 1 5 ] .  A d m i n i s t r a t i o n  of  d- l -parchloro-  
pheny la l an ine ,  an i n h i b i t o r  of  t r y p t o p h a n  hyd roxy la se ,  
f a c i l i t a t e s  shock- induced  s p o n t a n e o u s  f ight ing  and 
p r e d a t o r y  aggression in rats [1, 19, 20, 22 ] .  Final ly ,  
c o m p a r e d  wi th  nonki l le rs ,  the  t u r n o v e r  of  5-HT has been  
found  to be s lower  in killer rats  [24]  

The  effects  of  /` 9_THC on e n d o g e n o u s  bra in  5-HT have 
been  eva lua ted  by several invest igators .  These  inves t igators  
have r epo r t ed  tha t  relat ively h igh doses o f / , 9 - T H C  elevated 
e n d o g e n o u s  brain  5-HT [9, 21, 2 5 ] ,  while lower  doses have 
been  observed  to increase [ 9 , 1 2 ] ,  decrease  [ 8 ] ,  or to  have 
no  ef fec t  on bra in  5-HT levels [ 11 ,27] .  In add i t ion ,  several 
inves t igators  have r epo r t ed  increases  in whole  bra in  5-HT as 
a f u n c t i o n  of  t ime  [4,  9, 21] and one s tudy  r epo r t ed  tha t  
n 9-THC p r o d u c e d  increases  in 5-HT in the  m i d b r a i n  and  
ce rebe l lum bu t  was w i t h o u t  e f fec t  in e i the r  the  cor tex  or  
medu l l a  plus pons  [ 2 1 ] .  To date  the  t ime  course of  the 
effects  of  / `9-THC on 5-HT levels in d i f f e ren t  bra in  areas 
has no t  been  repor ted .  

Add i t iona l  pha rmaco log ica l  ev idence  has  been  prov ided  
by  several s tudies  ut i l iz ing Ag-THC. A d o s e - d e p e n d e n t  
i n h i b i t i o n  of  in t raspeci f ic  a t t ack  behav io r  in mice in the  
absence  of  effects  on  s p o n t a n e o u s  m o t o r  act ivi ty  has  been  
r epo r t ed  [ 1 1 ] .  In rats /`9_THC reduced  p r e d a t o r y  

aggression towards  tur t les  [16]  and  mice and inh ib i t ed  
i so la t ion- induced  aggression in mice [2 ] .  Similar ly,  we have 
previously  r epo r t ed  t ha t  n g - T H C ,  at doses which  did no t  
impa i r  r o t o r o d  p e r f o r m a n c e ,  p r o d u c e d  a dose -dependen t  
i n h i b i t i o n  of frog kil l ing behav io r  in the  rat  [ 1 2 ] .  This 
ef fec t  was associated wi th  an increase in whole  bra in  5-HT 
levels [ 1 2 ] .  

In s u m m a r y ,  the  data  suggest t h a t / `  9-THC inh ib i t i on  of  
p r e d a t o r y  aggression is associa ted w i t h  an increase in levels 
of  bra in  5-HT. The  purpose  of the s tudy  r epo r t ed  here  was 
to conf i rm our  previous  f indings  of the co r re l a t ion  b e t w e e n  
/ `9 -THC- induced  inh ib i t i on  of  frog kill ing behav io r  and 
e levat ion of  bra in  5-HT levels [12]  and  to e x t e n d  these 
observa t ions  to  de t e rmine  if the  t ime du ra t i on  of  this  
behaviora l  ef fec t  of  n g - T H C  was cor re la ted  w i th  an 
a l t e ra t ion  in the regional  bra in  c o n c e n t r a t i o n  of  5-HT. 

METHOD 

In S tudy  One,  36 male Long-Evans  rats, a p p r o x i m a t e l y  
250 g weight ,  were m a i n t a i n e d  on 23 hr  food  depr iva t ion  
wi th  ad lib access to water  unt i l  the i r  weight  had  s tabi l ized 
at 80% original body  weight.  The an imals  were singly caged 
and exposed  to a 12-hr l ight-dark cycle. Five s ix-min 
t ra in ing  trials, separa ted  by a one-min  in ter t r ia l  interval ,  
were c o m p l e t e d  daily dur ing  the  late a f t e rnoon .  A two-to-  
three  inch frog, Rana pipins ( n o r t h e r n ) ,  was d ropped  in to  
the  h o m e  cage, and a t t ack  and  kill la tencies  were recorded.  
Kill l a tency  was def ined as the  a m o u n t  of  t ime necessary 
for  the  rat  to immobi l i ze  the frog plus 20 sec dur ing  which  
the  rat  r epea ted ly  bit  the frog w i t h o u t  an appa ren t  response  

1 Synthetic Ag-THC was obtained by approval of the FDA-NIMH Psychotomimetic Agents Advisory Committee. 
2 Present address: Behavioral Neuropharmacology, Box 3870, Duke University Medical Center, Durham, NC 27710. 
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f rom the  frog. The  frog was t hen  removed ,  and  if it were 
still b r ea th ing  it was i m m ed i a t e l y  kil led by  the  ex- 
pe r imen te r .  If, u p o n  removal ,  the  frog was mob i l e  the  kill 
l a tency  was r eco rded  as 3 6 0 s e c .  Kill la tencies  were 
c o m p a r e d  on  a day- to-day  basis using the  Sand le r ' s  A 
stat is t ic  [ 1 8 ] .  Af te r  th ree  days in which  la tenc ies  were 
s table  (e.g., Sandler ' s  A p > 0 . 0 2 5 ,  2 ta i led)  tes t ing  was 
in i t ia ted .  All an imals  received a tail vein in jec t ion  of 1.25 
mg/kg  THC suspended  in PVP, a 3% p o l y v i n y l p y r r o l i d o n e  
K-30 in saline vehicle  [ 3 ] ,  at  a vo lume  of  1 cc/kg.  A t t a c k  
and  kill la tencies  were measu red  for  five trials at the  
fo l lowing pos t i n j ec t i on  intervals :  30, 60,  90, 150, 210 and  
270  min ,  wi th  six animals  assigned r a n d o m l y  to each group.  

In S tudy  Two,  t w e n t y - f o u r  male  Long-Evans  rats  were 
sub jec ted  to a parad igm ident ica l  to  t ha t  of  S tudy  One.  Six 
animals  were assigned r a n d o m l y  to 1.25 mg /kg  THC groups  
for  tes t ing  at 0, 15 and  30 m i n  pos t in jec t ion .  A f o u r t h  
group of  six animals  received PVP and  were tes ted  0 min  
pos t in jec t ion .  

In S tudy  Three ,  twen ty -e igh t  male  Long-Evans  rats were 
m a i n t a i n e d  u n d e r  food  and  hous ing  c o n d i t i o n s  ident ica l  to 
those  in Studies  One  and  Two.  The  animals ,  r a n d o m l y  
assigned to groups  of six animals  each,  were in jec ted  wi th  
1.25 mg/kg  THC and were sacrif iced at the  fo l lowing  
pos t i n j ec t i on  t imes:  1, 30 and  2 1 0 r a i n .  An  add i t iona l  
group of six rats was in jec ted  wi th  PVP and sacrif iced one 
min  pos t in jec t ion .  The  an imals  were  decap i t a t ed ,  and  the  
bra ins  were sec t ioned  [6] in to  four  par ts :  co r t ex ,  m idb ra in ,  
medul la ,  and  ce rebe l lum;  and  f rozen  for  f luo r ime t r i c  
analysis  of  5-HT [ 2 3 , 2 5 ] .  

RESULTS 

As analysis  of  var iance [26]  for  the  m e a n  kill la tencies  
for  the  30 min  groups  of  Studies  One  and  Two showed  no  
s igni f icant  d i f fe rences  ( p > 0 . 0 5 )  be t w een  the  groups  on  
e i the r  the  pre tes t ,  F (1 ,5 )  = 0.36,  or tes t  day,  F (1 ,5 )  = 1.9, 
the  data  for  the  s tudies  were c o m b i n e d .  To m a i n t a i n  a 
group size of six in the  30 m i n  group,  three  animals  were 
chosen  r a n d o m l y  f rom each  s tudy.  

Analysis  of  var iance  for  the  p re te s t  m e a n  kill l a t ency  as a 
f u n c t i o n  of  group ass ignment  showed  tha t  there  were no  
d i f ferences  a m o n g  the  groups  pr ior  to  drug t r e a t m e n t ,  
F (8 ,45 )  = 1.33, p > 0 . 0 5 .  Analysis  of  var iance for the  test  
day data  ind ica t ed  a s ignif icant  d i f fe rence  a m o n g  the  
groups  as a f u n c t i o n  of  the  pos t in j ec t ion  in terval  at  wh ich  
the  an imals  were tes ted,  F ( 8 ,45 )  = 43 .01 ,  p < 0 . 0 1 .  For  b o t h  
tests,  F max  tes ts  [34]  ind ica ted  no  v io la t ion  of  the  
h o m o g e n e i t y  of  var iance a s s um pt i on ,  F max  (9 ,5)  = 20 .74  
and  7.20, p > 0 . 0 5 .  

Individual  comp a r i s ons  using the  Newman-Keu l s  s ta t is t ic  
[26]  ind ica ted  t ha t  the  m e a n  kill la tencies  for  the  THC 
groups  tes ted  at  0, 15 and  30 were s ignif icant ly  longer  
( p < 0 . 0 5 )  t han  all o the r  groups.  In add i t ion ,  the  m e a n  kill 
la tencies  for  the 0 and 15 min  groups  were s ignif icant ly  
longer  t han  those  of  the  30 m i n  groups  (p~<0.05). These  
data  are p re sen ted  in Table  1. 

The  c o n c e n t r a t i o n  of  5-HT in the  four  bra in  areas was 
ana lyzed  by c o m p a r i n g  each pos t in j ec t ion  THC group wi th  
the  PVP group using the  F test.  These  analyses showed  tha t  
levels of 5-HT for  the  one  min  THC group were increased 
s ignif icant ly  for  the m i d b r a i n  and medu l l a  areas, 
F (1 ,10)  = 7.25 and  4.96,  p < 0 . 0 5 ,  respect ively.  A s ignif icant  
increase of  5-HT was found  for  the  medul la  area of  
the  30 min  group as well, F ( I , 1 0 )  = 5.58,  p < 0 . 0 5 .  These 
data  are p re sen ted  in Table  2. 

T A B L E 1  

MEAN KILL LATENCY (SECONDS) FOR EIGHT DURATIONS (MIN) 
POSTINJECTION FOLLOWING ADMINISTRATION OF THC AND 

ONE DURATION FOLLOWING PVP ADMINISTRATION 

Time Drug ,X SD 

0 PVP 70.4 48.94 

0* THC 346.5 33.06 

15" THC 333.8 41.42 

30* THC 267.1 77.95 

60 THC 89.6 52.39 

90 THC 80.0 58.16 

150 THC 49.2 35.68 

210 THC 62.9 24.69 

270 THC 65.0 21.66 

*p<~0.05. 

T A B L E  2 

MEAN NG/G 5-HT FOR FOUR BRAIN AREAS AT THREE DU- 
RATIONS (MIN) POSTINJECTION OF THC (1.25 MG/KG) OR PVP 

Time Drug Cortex Midbrain Medulla Cerebellum 

1 PVP 

430.0 681.1 682.8 100.8 

SD 73.6 107.0 120.5 54.9 

30 

210 

THC 
)( 415.3 837.8* 890.6* 151.8 

SD 63.5 94.0 194.1 66.7 

THC 

J~ 435.1 836.6 811.3" 98.0 

SD 104.6 150.7 56.4 42.6 

THC 

JZ 382.3 734.5 759.5 113.8 

SD 110.3 72.6 128.5 60.9 

p~<O.05. 

DISCUSSION 

The  results  of  this  s tudy  are in ag reemen t  wi th  o the r  
work which  has  shown  tha t  a 9 - T H C  a t t e n u a t e s  p r e d a t o r y  
aggression in rats [1, 12, 16] .  This  s tudy  also verifies our  
earlier obse rva t ion  [ 14] tha t  Ag-THC (1.25 mg/kg)  elevates 
bra in  5-HT and reduces  frog kill ing in the  rat.  In add i t ion ,  
this s tudy  adds s t r eng th  to the  A9-THC-induced  cor re la t ion  
be tween  inh ib i t i on  of  p r eda to ry  aggression and increased 
brain  5-HT levels by  ex t end ing  this  cor re la t ion  to inc lude  
the  t ime  du ra t i on  of  b o t h  effects.  This s tudy  also ident i f ies  
areas of  the  bra in  (midbra in ,  medul la ,  and pons )  which  
con ta in  sero tonerg ic  cell bodies  as those  responsible  for  
increases in whole  brain  5-HT concen t r a t i ons .  These areas 
con t a in  s t ruc tu res  which  are t h o u g h t  to  be cen t ra l  for  the 
express ion  of  aggressive behav ior  [5 ] .  Thus,  these results  
lend suppor t  to the  hypo thes i s  tha t  5-HT mechan i sms  
inh ib i t  p r e d a t o r y  aggression [ 17] .  
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Al though  the mechan ism by which A9-THC elevates 
brain 5-HT levels in this species remains  to be e lucidated,  
we have recent ly  ob ta ined  data in the mouse  which  suggest 
that  1,9_THC produces  an increased uptake by the  brain of  
plasma t r y p t o p h a n  [10] .  Since t r y p t o p h a n  hydroxy lase  is 
normal ly  unsa tura ted  wi th  precursor ,  this increase in brain 
t r y p t o p h a n  resul ted in an increased fo rma t ion  of  brain 
5-HT wi thou t  significantly altering the actual synthesis  rate 
of 5-HT [10] .  This ef fect  of  A 9_THC is consonan t  with the  
f i n d i n g  t h a t  admin i s t r a t ion  of  5 - h y d r o x y t r y p t o p h a n  
b locked  muric ide  in rat [ 15] 

In spite of the obvious corre la t ions  be tween  the sup- 
pression of  aggressive behavior  and increases in brain 
se ro ton in  repor ted  here and elsewhere [12 ] ,  it is very 
difficult  to causally relate these effects  of A9-THC. It is 
entirely possible,  even p robab ly ,  that  the effects  o f / , 9 - T H C  
on preda to ry  aggression are the result of a l terat ions  in the 
balance be tween  several neu ro t r ansmi t t e r  systems.  Effec ts  
of A9-THC on norep inephr ine ,  dopamine ,  and acetyl- 
choline synthesis  and metabol i sm have been descr ibed in 
the l i terature.  (For  a review of  the neu ropha rmaco logy  of  
cannabis,  see reference [71.)  

In view of  the far-ranging neuropharmacolog ica l  e f fec ts  
of A9-THC, it could be argued that  impa i rmen t  of  
p reda to ry  aggression could be the result  o f  d iminished 
m o t o r  activity and /o r  coord ina t ion  [14] or decreased 

p recep t ion  of cues necessary to elicit aggressive behavior  
[16] .  However ,  we have ob ta ined  results in the rat using 
doses of  ,59_THC similar to those used in the present  s tudy  
which argue against the possibil i ty that  the effects  of  
Ag-THC on preda to ry  aggression are due to a nonspecif ic  
incapaci ta t ion  of  the rat 's  ability to  carry out the aggressive 
behavior.  For  example ,  the activity of  rats, as measured  in a 
photoce l l  apparatus ,  was not  inf luenced by / ,9-THC in 
doses ranging f rom 0.25 mg/kg to 2.00 mg/kg (IV) [12] .  
Similarly, r o t o ro d  pe r fo rmance  by female rats was un- 
impaired by doses of  A9_THC which p roduced  increases in 
bo th  at tack and kill latencies [12] .  In addi t ion,  we have 
observed that  Ag-THC inhibi ted aggression at dose levels 
which did not  impair  a learned preference  for the food 
rewarded end of  a T-maze;  a behavior  which appears to be 
d e p e n d e n t  upon  the ut i l izat ion of perceptua l  cues [ 13 ]. 

In summary ,  the data presented  here conf i rm our  
previously repor ted  zx 9-THC-induced dose -dependen t  cor- 
relat ion be tween  increased levels of  brain se ro ton in  and 
a t t enua ted  levels of p reda to ry  aggression and ex tend  this 
correla t ion to include time durat ion of  these effects .  We 
also present  data which suggest that  brain areas rich in 
serotonergic  cell bodies  are sensitive to A9-THC and are 
probably  responsible  for the increases in whole  brain 5-HT 
observed by our labora tory  in a previous s tudy.  
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