
Pharmacology Biochemistry & Behavior, Vol. 3, pp. 1069-1072. Copyright © 1975 by ANKHO International Inc. 
All rights of reproduction in any form reserved. Printed in the U.S.A. 

Relative Potency of Tetrahydrocannabinol 
Derivatives on Tonic Immobility in Chickens' 

JACK D. M A S E R  

Clinical Research Branch, National Institute o f  Mental Health, Rockville, MD 20852 

G O R D O N  G. G A L L U P ,  JR.  

Department o f  Psychology, State University o f  New York at Albany 

WILLIAM R. T H O R N  

Department o f  Chemistry, Tulane University, New Orleans LA 70118 

A N D  

P A T R I C I A  H. EDSON 

Department o f  Psychology, University o f  Arkansas at Monticello, Monticello, AR 71655 

(Received  27 Janua ry ,  1975)  

MASER, J. D., G. G. GALLUP, JR., W. R. THORN AND P. H. EDSON. Relative potency of tetrahydrocannabinol 
derivatives on tonic immobility in chickens. PHARMAC. BIOCHEM. BEHAV. 3(6) 1069 1072, 1975. - Chickens were given 
varying dosages of A 3-, A ~-, and /,9_THC and tested for duration of tonic immobility (TI). Although all derivatives had a 
profound facilitation effect, Ag-THC was the most potent. These results are unusual in that TI is a well documented 
fear-potentiated reaction and THC generally has tranquilization-like effects. 

THC Derivatives A a -THC A S-THC A 9 -THC Tonic immobility Catalepsy 
Animal hypnosis Fear 

IN recen t  years there  has been  a surge of  in te res t  in the  
neura l  and  behaviora l  p h a r m a c o l o g y  of  cannab ino ids .  
A l t h o u g h  mod i f i ca t ions  in behav io r  p roduced  by  te t ra-  
h y d r o c a n n a b i n o l  (THC) derivat ives are now  f requen t ly ,  and  
in some cases cons i s ten t ly ,  r epor t ed ,  it is also relat ively easy 
to locate c o n t r a d i c t o r y  evidence  and  failures to  repl icate  
earl ier  invest igat ions.  This is especial ly t rue for  such  
s tandard  behaviora l  tasks as maze learn ing  [3, 23 ] ,  acquisi-  
t ion  of  s h u t t l e b o x  avoidance  [12,  11] ,  and  schedule-  
con t ro l l ed  behav io r  [2, 6, 7, 2 9 ] .  Miller and  Drew [5, 21]  
should  be consu l t ed  for  recen t  reviews of  this  growing 
l i te ra ture .  

The present  r epor t  conce rns  the  r a the r  p o t e n t  effects  of  
THC derivat ives on  the  tonic  i m m o b i l i t y  response  (TI)  in 
chickens.  The  essent ia l  fea tures  of  the  i m m o b i l i t y  response  
are cons i s t en t  for every species s tud ied  ( f rom insec t  
t h r o u g h  crustacea,  avians, repti les,  lower  m a m m a l s  and  
pr imates) .  When  manua l ly  res t ra ined  the  sub jec t  passes 
f rom a struggling,  active phase  to one in which  its pos ture  
appears  f rozen,  and  this  i m m o b i l i t y  and lack of  responsive-  
ness may  persist  for  a cons iderab le  per iod ( a b o u t  10 min,  
on the  average, in the  ch icken) ,  despi te  removal  of  all 
res t ra in t  wi th in  15 seconds  a f te r  ini t ial  i nduc t ion .  

Tonic  immob i l i t y ,  h is tor ical ly  m i scons t rued  as an imal  
hypnos is ,  is an un l ea rned  response  whose c o m p l e x i t y  and 
re la t ionsh ip  to o the r  i m m o b i l i t y  behaviors  has no t  o f ten  
been  apprec ia ted  [ 15] .  Recen t  cri t ical  reviews suggest tha t  
b r a i n s t e m  mechan i sms  con t ro l  the  onse t  of  the  response  
[ 1 4 ] ,  t ha t  its origin may be t ha t  of  an evolved p r e d a t o r  
defense  [ 2 5 ] ,  and tha t  variables general ly  recognized as 
p roduc ing  e n h a n c e m e n t  or depress ion  of  fear will po ten-  
t ia te  or  reduce  the  dura t ion  of  ton ic  i m m o b i l i t y  [8 ] .  
A m o n g  the  m a n y  p rocedures  having aversive p roper t i e s  
which  p ro long  the  response  are presence of  a p reda tor ,  loud 
noise,  e lectr ic  shock,  suspens ion  over  a visual cliff, and 
p re sen t a t i on  of  cond i t i oned  fear s t imuli .  Taming,  t ranqui l -  
izers, and c o n d i t i o n e d  safety signals are a m o n g  the proce-  
dures which  decrease the  magn i tude  of  the  reac t ion  (see 
Gal lup,  [8] for a deta i led  review and o the r  fear-related 
expe r imen t s ) .  

Jaffe  and  Baum [ 13] found  tha t  hashish  resin p ro longed  
e x t i n c t i o n  of  an avoidance  response  and suggested tha t  fear 
may  be e n h a n c e d  by cannab ino ids .  This conc lus ion  was 
based on fas ter  swimming  speed in an aversive s i tua t ion ,  
increased bolus  c o u n t  in a ba lance -beam test ,  and,  at some 
dosages, r educed  act ivi ty in an open  field. O t h e r  investi-  
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gators have conc luded  tha t  Ag-THC may p roduce  hyper-  
emo t iona l i t y  [24 ] .  It would be of  in teres t ,  the re fore ,  to 
de t e rmine  the  effect  of  THC on an inna te  behavior  such as 
TI which  is k n o w n  to be p o t e n t i a t e d  by  fear. 

A n o t h e r  character is t ic  of  most  tonical ly  immobi le  
animals  is waxy-f lexibi l i ty  and a t rance-l ike or h y p n o t i c  
gaze. This has given rise, pr imari ly  in the  G e r m a n  l i te ra ture  
of  the  1900's ,  to the  n o t i o n  of  animal  catalepsy.  More 
recent ly  T1 has been  suggested as a model  of h u m a n  
catalepsy [9, 10, 14, 19] .  Cata lept ic  pa t ien ts  in remission 
of ten  repor t  tha t  they had exper i enced  cons iderable  fear. 
Adverse reac t ions  to mar i juana  in h u m a n s  are rare bu t  no t  
u n k n o w n  [30]  and in some strains  of the  h u m a n  species 
catalepsy may be induced  [11. These facts suggest tha t  a 
cata lepsy model  might  be fu r the r  tes ted by observing TI 
fo l lowing THC admin i s t ra t ion .  

METHOD 

Animals 

The animals  were 85 s t ra ight - run  (unsexed)  P roduc t ion  
Red chickens  received from a nea rby  ha t che ry  at one day 
of age and housed  in the l abora to ry  in commerc ia l  b rooders  
under  a 14-hr l ight cycle. Dur ing rearing Purina chick chow 
(Growena)  and water  were available con t inuous ly .  Test ing 
occurred  when  the  birds were 3 4 weeks of  age. 

Drug Syn thesis and ln/ection Procedure 

The (+)- A 3- c~-methylhexyl and ( )-A s derivatives of  
t e t r a h y d r o c a n n a b i n o l  (A 3- and AS-Tt tC)  were syn thes ized  
by the  me thods  descr ibed in Thorn  [ 2 8 ] . T h e (  ) - A g - T H C  
isomer  was provided by the Biomedical  Research Branch,  
Nat ional  Ins t i tu te  on Drug Abuse,  D e p a r t m e n t  of  Heal th,  
Educa t ion ,  and  Welfare. The la t ter  c o m p o u n d  was sepa- 
rated from its a lcohol  solvent  and redissolved in propylene  
glycol, the s tandard  vehicle for all TI tC c o m p o u n d s  used 
here. 

On the  test  day each bird was in jected in t raper i tonea l ly  
with e i the r  0.3 cc p ropy lene  glycol or a specif ied dose of  
e i ther  0.3 cc A 3-, A 8-, or A9-THC dissolved in p ropy lene  
glycol. Chicks were not  weighed pr ior  to in jec t ion  because 
hand l ing  affects  tonic  immobi l i t y  [8 ] .  Rather ,  each animal  
wi th in  a group received a cons t an t  0.3 cc in jec t ion  of  a 
given c o m p o u n d  and the dosage per  kg was la ter  deter-  
mined  as a mean  for the  group.  There  were 2 concen t ra -  
t ions of  A3-THC: 1.50 mg and 0.75 mg. Three  concen t ra -  
t ions  of  AS-Tt tC were admin is te red :  3 mg, 1.57 mg, and  
0.75 rag. The /kg-THC was also given at 3 concen t r a t i ons :  
0.75 mg, 0.19 nag, and 0.095 mg. 

All birds were weighed immedia t e ly  fol lowing te rmina-  
t ion  of  the i m m o b i l i t y  response.  Mean weight  was then  
divided in to  the  mg dosage admin i s t e red  to the group t imes 
1000. The average mg/kg dose for each of  the above groups 
was calculated to be as follows: for A3-THC: 10.72 and  
4 .35:  for AS-THC: 20.34,  10.58, and 5.01:  and for 
2Xg-THC: 5.70, 1.34, and 0.63. The n u m b e r  o f  animals  in 
each of  the 9 groups to which  the birds were r a n d o m l y  
assigned varied f rom 8 to 10. The p ropy lene  glycol con t ro l  
group had 9 animals,  tile 20.34 mg/kg group of  A a- and the 
1.34 mg/kg  group of  A9-THC c o n t a i n e d  8 animals,  while all 
o the r  groups were composed  of  10 birds each. It is 
i m p o r t a n t  to  no te  tha t  each bird received one in jec t ion and 
one test. Expe r imen te r s  were unaware  of  which derivative,  
dose level and,  in some cases, drug the i r  animal  had 
receive d. 

Behavioral Testing 

Fol lowing in jec t ion  the  bird was placed in an individual  
ho ld ing  chamber ,  carr ied to a s o u n d - a t t e n u a t e d  tes t  r oom 
and left  a lone for 25 rain. At  the  end of this per iod the bird 
was removed  f rom the c h a m b e r  and placed on a table,  
where it was gent ly  grasped and res t ra ined on its r ight  
lateral surface. Af te r  15 sec the e x p e r i m e n t e r  slowly 
wi thdrew his hands  and act ivated a s topwatch .  If the initial 
i nduc t ion  was unsuccessful ,  the procedure  was repeated  up 
to 5 successive t imes. A bird tha t  failed to become 
immobi le  was given a score of zero sec dura t ion ,  weighed,  
and re tu rned  to a b rooder .  An uppe r  l imit  of  2 hr  was 
imposed on the  dura t ion  of  immobi l i ty .  

RESULTS 

Al though  each derivative of  THC affec ted  TI dura t ion ,  
there  were clear differences  in relative po tency .  Delta 
9-THC, at dose levels comparab le  to A 3 p roduced  the  
longest  mean dura t ion  of  immobi l i ty .  Table 1 shows the 
mean dura t ions  for all dose levels. The mean  dura t ion  for  
A9-THC exceed those for comparab le  doses (0.75 rag) of 
A s and A 3 by 3788.8  and 1360.2 sec respectively.  
Fol lowing a square roo t  t r an s fo rma t ion  of  the dura t ion  
scores, separate analyses of variance were pe r fo rmed  on 
data for each derivative and the p ropy lene  glycol cont ro l .  
Af ter  each F-value was ob ta ined ,  Duncan ' s  pos t -hoe  test  for 
unequal  f requencies  was applied to the means.  

Nei ther  dose of  the AB-THC was s ignif icant ly  d i f ferent ,  
bu t  bo th  exceeded the vehicle con t ro l  group,  F ( 2 , 2 6 ) =  
6.92, 0 < 0 . 0 0 5 .  The A8-TtIC grouping was found  to conta in  
signif icant  differences,  F(3 ,33)  = 7.41, p < 0 . 0 0 1 ) ,  the  2 
highest  dose groups being s ignif icant ly  d i f fe rent  f rom the 
6.01 m g / k g a n d  vehicle con t ro l  groups,  bu t  no t  f rom each 
other .  The lowest  dose of  AS-THC was no t  s ignif icant ly  
d i f fe rent  f rom the p ropy lene  glycol group.  Analysis  of  
variance also revealed s ignif icant  differences  among  the 4 
groups compr is ing  the A9-Tt tC  groupings,  F(3 ,31)  = 4.95, 
p < 0 . 0 1 .  Post hoc tes t ing  revealed the 5.70 and 1.34 mg/kg 
levels s ignif icant ly  d i f fe rent  from the 0.63 mg/kg  and 
vehicle con t ro l  groups.  

An analysis of  variance was also pe r fo rmed  on the  TI 
dura t ions  ob ta ined  at the 0.75 mg dose of  each derivative,  
F (3 ,33)  = 7.83, p < 0 . 0 0 1 .  Post hoc tes t ing revealed A 3- and  
A 9- to be s ignif icant ly  d i f ferent  front  AS-THC and the 
con t ro l  group,  bu t  no t  f rom each other .  Delta  8-THC, as 
previously described,  was s ignif icant ly  d i f fe rent  f rom the 
vehicle group. 

DISCUSSION 

The results demons t r a t e  tha t  all 3 T t tC  derivatives affect  
TI and  tha t  the  decreasing order  of po tency  is A 9-, A s- , and 
A3-THC. The data do no t  lend themselves  to  an easy 
theore t ica l  discussion bu t  at least three speculat ive implica- 
t ions  may be war ran ted .  First,  unde r  cer tain cond i t ions ,  as 
Jaffe and Baum [ 131 suggested, T t lC  may po ten t i a t e  r a the r  
than  reduce fear. Tha t  h u m a n s  do no t  general ly find THC 
unpleasan t  seriously ques t ions  the general i ty  of  this  impli-  
cat ion.  

Secondly ,  since THC facil i tates TI, and  is repor ted  to 
induce  catalept ic- l ike states in some h u m a n s  (mos t  n o t a b l y  
Orientals)  [ 1 ] ,  the  analogy be tween  cer ta in  h u m a n  psycho-  
pa thologica l  states and TI [9, 10, 14, 19] may hold  
promise.  The  fear and catalepsy exp lana t ions  may no t  be 
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TABLE 1 

TONIC IMMOBILITY DURATION MEANS AND STANDARD DEVIATIONS (IN SEC) FOR A 3-, A 8-, Ag-THC AND VEHICLE 
GROUPS. DOSAGE LEVELS CALCULATED AS AVERAGE MG/KG FOR EACH GROUP. 

Derivative 
Propylene 

A3-THC A 8-THC A9-THC Glycol 

Mg/kg 10.72 4.35 20.34 10.58 6.01 5.70 1.34 0.63 0.5 cc 

4896.0 4461.3 5506.4 4763.1 2032.7 5821.5 3314.9 2899.4 1079.0 

o 2954.2 2689.5 2702.2 2040.9 1976.7 2333.1 2797.2 2826.4 760.7 

mutual ly  exclusive since many  ca ta ton ic /ca ta lep t ic  pat ients  
repor t  high levels of  fear while in the clinical state [ 10]. 

Finally,  based on similarities be tween  behavioral  effects  
of h i p p o c a m p e c t o m y  and ant ichol inergic  compounds ,  Drew 
and Miller [5] hypo thes i zed  tha t  the mode  of  act ion of  
THC is anticholinergic.  Al though  no neurochemica l  mea- 

sures were taken,  the fear c o m p o n e n t  of TI is though t  to  
have a cholinergic base [20, 27] .  It is therefore  of  interest  
that  the induc t ion  of  TI is i tself  known  to be aversive [22] 
and that  cholinergic sys tems are suspected  to part icipate in 
behaviors associated with aversive cont ingencies  [4, 17, 
181. 
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