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DYKSTRA, L. A., D. E. MCMILLAN AND L. S. HARRIS. Effects of  Ag-THC and a water soluble ester of  Ag-THC on 
schedule-controlled behavior. PHARMAC. BIOCHEM. BEHAV. 3(1) 29-32 ,  1 9 7 5 . -  £x 9 -Tetrahydrocannabinol (n  9 -THC) 
and one of its water soluble esters (SP-111) decreased the rates of responding by pigeons working under a variable interval 
3-rain schedule of food presentation, or a multiple fixed-ratio 30, fixedhnterval 5-min schedule of food presentation. 
A 9 -THC was 3 - 6  times more potent than SP-111 and had a faster onset of effects on behavior. 
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THE ma jo r  active c o m p o n e n t  in m a r i h u a n a ,  A9-Te t ra  - 
h y d r o c a n n a b i n o l  (A 9-THC),  is no t  wa te r  soluble .  Thus ,  it is 
necessary to  admin i s t e r  A9-THC in solvents  and suspending  
agents  t ha t  o f t e n  have pha rmaco log ica l  e f fec ts  o f  the i r  own.  
Recently m 9-THC has been  c o n v e r t e d  to  a n u m b e r  of  wa te r  
soluble  der ivat ives  by  prepar ing  esters  bear ing  a basic a m i n o  
func t i on  [7 ] .  The  presen t  e x p e r i m e n t s  were des igned to 
compare  the  behaviora l  effects  of  one  o f  these  wa te r  
soluble  esters  of  A 9-THC, A 9 - t r a n s - t e t r a h y d r o c a n n a b i n o l - 4 -  
m o p h o l i n o f u t y r a t e  (SP-I 11), w i th  the  behaviora l  ef fects  of  
Ag-THC. The  schedu le -con t ro l l ed  behav io r  of  the  p igeon 
was used as a measure  of  drug ef fec t  because  it has  b e e n  
used previously  to  s tudy  the  behav iora l  ef fects  of  a n u m b e r  
of  t e t r a h y d r o c a n n a b i n o l s  [2, 4, 5 ] .  

METHOD 

Animals 

The  an imals  were 12 male  Whi te  Ca rneaux  p igeons  
weighing b e t w e e n  475  and  538 g w h e n  given free access to  
food and  water .  T h e y  were m a i n t a i n e d  at 80% of  t he i r  free 
feeding weights  dur ing  th is  e x p e r i m e n t .  All the  b i rds  had  
been  cond i t i oned  to  peck  a t r an s i l l um i na t ed  key [ 1 ]. T h e y  
had previous ly  p e r f o r m e d  u n d e r  var ious  schedules  of  food  
p resen ta t ion .  

Apparatus 

The appa ra tus  consis ted  of  a s t andard  p igeon  c h a m b e r ,  
af ter  Fe r s t e r  and  Sk inne r  [ 1 ] .  It was housed  in a sound  and 
f igh t -a t t enua ted  chamber .  The  c h a m b e r  was i l lumina ted  by  
a 7.5 W bu lb  (a.c.) and con t a ined  one  t r ans lucen t  plast ic  
response  key,  2 cm in dia. wh ich  could be  t r ans i l l umina ted  
by  whi te ,  red or b lue  lights. The  m i n i m u m  force requi red  to 
opera te  t he  key was a b o u t  15 g. Below the  key was a food  
magazine  t h r o u g h  wh ich  grain was available dur ing  3-sec 
access periods.  Whi te  noise was p resen t  in the  c h a m b e r  at 
all t imes.  

Drugs 

The  A9-THC was s tored in the  dark  at a b o u t  4°C. When  
ready for use, the  A9-THC was suspended  in an aqueous  
so lu t ion  of  T r i t o n  X-100.  SP-111 [ 7 ] ,  a wa te r  soluble  
derivat ive of  THC, was dissolved in dist i l led water .  All injec- 
t ions  were given in a v o l u m e  of 1 ml /kg  of b o d y  weight .  

To co r re spond  w i th  the  a m o u n t  of  T r i t o n  X-100  in the  
mos t  c o n c e n t r a t e d  A9-THC suspens ion ,  a 1% (by  vo lume)  
so lu t ion  of  the  de te rgen t  was used as a vehicle  con t ro l  injec- 
t ion.  Disti l led wa te r  was used as a vehicle  con t ro l  for  
SP-111. C o n t r o l  and drug in jec t ions  were m a d e  in the  
breas t  muscle .  Two groups  of  b i rds  were used in the  first  
expe r imen t .  One  group received A9-TI-1C or  SP-111 1 h r  
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before  the  expe r imen ta l  session. The  second g roup  received 
one  of the  same drugs 2 hr  be fore  the  session. Doses were 
given in a mixed  order ,  each dose be ing  separa ted  by  at 
least 6 days w i t h o u t  inject ions.  In the  second e x p e r i m e n t  
the  drug p rocedure  was the  same as in the  first expe r imen t ,  
excep t  t ha t  all b i rds  were in jected 1 hr  be fo re  the  session. 
None  of  the  birds had received A9-THC or  SP-111 before  
these exper iments .  

Measurement o f  Drug Effects 

Average rates  of  r esponding  were c o m p u t e d  f rom data  
recorded  on  digital coun te r s  and elapsed t ime  meters .  
Quar te r  life was measured  as a percen tage  of  the  FI  t ime  
t aken  for  the  first qua r t e r  of  the  FI  responses  to  occur  [3 ] .  
It provides  a numer ica l  desc r ip t ion  of  the  p a t t e r n  of  FI 
responding.  E x p e r i m e n t s  were c o n d u c t e d  M o n d a y  t h r o u g h  
Fr iday  w i th  in jec t ions  usually given on  Fr iday.  Data  col- 
lected on Thursdays  were used as n o n i n j e c t i o n  con t ro l  
days. 

Procedure 

The pigeons in the  first e x p e r i m e n t  pe r fo rmed  u n d e r  a 
mul t ip le  f ixed-rat io,  f ixed- interval  schedule  (mui r  F R  FI) .  
In the  presence of a blue key light,  the  3 0 t h  key peck  
(FR  30) p r o d u c e d  a 3-sec access to  grain.  In the  presence  of 
a red key l ight  the  first response  af te r  5 min  (FI  5) pro- 
duced a 3-sec access to grain. The  F R  and FI  c o m p o n e n t s  
a l t e rna ted  af te r  each food p resen ta t ion .  If  a bird did no t  
respond  wi th in  40 sec af ter  5 rain had elapsed dur ing  the  FI  
c o m p o n e n t ,  the  schedules  changed  to the  F R  c o m p o n e n t .  
If the  bird did no t  make  30 responses  wi th in  40 sec dur ing 
the  FR c o m p o n e n t ,  t he  schedule  changed  to the  FI  com- 
p o n e n t .  A session t e r m i n a t e d  at the  first schedule-  
c o m p o n e n t  change  af te r  60 rain. 

The  pigeons in the  second e x p e r i m e n t  were t ra ined  to 
respond u n d e r  a VI 3-rain schedule.  In the  presence  o f  the  
whi te  key light,  responses  were re inforced  ( on  the  average 
every 3 min)  w i th  3-see access to  grain.  The  session termi-  
na ted  af te r  the  first p r e s en t a t i on  of  grain af te r  2 1/2 hr  had  
elapsed. 

RESULTS 

Effects o f  A9-THC and SP-111 on Performance under the 
Multiple Schedule 

Figure 1 shows the  dose-response  curves for  A 9-THC and 
SP-111 on  the  rate of  r esponding  u n d e r  the  two  com- 
p o n e n t s  of  the  mul t ip le  schedule.  The  con t r o l  in jec t ion  and 
0.3 mg/kg  of  A9-THC had  no  ef fec t  on  response  ra te  u n d e r  
e i ther  c o m p o n e n t  of  the  schedule  w h e n  given e i the r  1 or 
2 hr  before  the  expe r i m en t a l  session. D os e - dependen t  
decreases were seen w i th  the  3 h igher  doses of  A 9-THC on 
b o t h  c o m p o n e n t s  of the  schedule.  These  decreases in 
response  rate were similar 1 and 2 hr  af ter  admin i s t r a t ion .  

The  effects  of SP-111 on  the  rate of r e spond ing  were 
m u c h  smaller.  A l t h o u g h  rate  decreases were seen wi th  the  
10 and 1 8 m g / k g  of SP-111 when  given 1 hr  be fore  the  
session, the  decreases were no t  as large as those  p roduced  
by  A9-THC at this  t ime.  Large decreases  in the  rate of 
r esponding  were seen when  SP-111 was given 2 hr  before  
the  session, bu t  1 0 - 1 8  mg/kg  of  SP-111 were required to 
p roduce  decreases in responding  comparab le  to those  
p roduced  by  1.8 or  3 mg/kg  of  A 9-THC. 
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FIG. 1.Effects of A 9-THC and SP-I l l  given 1 hr or 2 h r  before 
testing on rate of responding under mult FR 30 FI 5. Abscissa; 
mg/kg of a 9 -THC or SP-111, log scale. Ordinate: rate of responding 
during an entire session. The brackets at C represent the range of 
control values (Thursdays). Points at S show the effects of control 
injections on rate of responding..------o is the dose-response curve 
for Ag-THC; o o is the dose-response curve for SP-111. Each 

point is the mean of a single injection in each of four birds. 

Figure 2 shows the  effect  of  the  two  drugs on  the  
quar t e r  life. Before  drugs were given, the  qua r t e r  life values 
were b e t w e e n  0 .44 and 0 .50;  t h a t  is, 25% of the  responses  
emi t t ed  dur ing the  5-min FI  c o m p o n e n t  occurred  dur ing 
the  first 2 1/2 min  of  the  interval .  Small  changes  in qua r t e r  
life were seen af ter  the  two  largest doses of  A9-THC, 
especially w h e n  given one  h o u r  before  the  session. SP-111 
had no effect  on  the  qua r t e r  life. 

Effects o f  A9-THC and SP-I I 1 on Performance under the 
Variable-Interval Schedule 

Figure  3 shows the  effect  of  one  dose of  A 9-THC and of  
two doses of SP-111 on  responding  u n d e r  a var iable- interval  
schedule.  Average response  rates u n d e r  the  VI  schedule  are 
shown  for  15 rain intervals.  With 3 mg/kg  of  A 9-THC it can 
be seen t ha t  response  rate decreased rapidly  abou t  30 min  
af te r  the  session s ta r ted ,  bu t  3 mg/kg  of  SP-111 does  no t  
decrease responses  rates unt i l  a b o u t  2 hr  a f te r  adminis t ra-  
t ion.  A dose of  10 mg/kg  SP-111 decreased the  rate to  the  
same e x t e n t  as 3 mg/kg  of  A9-THC, a l t hough  the  ra te  of  
decrease was slower wi th  SP-11 l t han  wi th  A%THC.  

DISCUSSION 

When A9-THC was given one hou r  before  an experi-  
men ta l  session, it marked ly  decreased the  ra te  of  respond-  
ing m a i n t a i n e d  by  a VI schedule  or  by  a m u l t  F R  FI 
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FIG. 2. Effects of A 9-THC and SP-111 given 1 hr or 2 hr before 
testing on the quarter-life. Abscissa: mg/kg of A 9 -THC or SP-111, 
log scale. Ordinate: quarter-life as a percentage during an entire 
session. The brackets at C represent the range of control values 
(Thursdays). Points at S show the effects of control injections on 
rate of responding. • • is the dose-response curve for A 9-THC; 
o - - - o  is the dose-response curve for SP-111. Each point is the 

mean of a single injection in each of 4 birds. 

schedule  during the  first hour  of  the session. The same 
doses of  SP-11 1 decreased the rate under  these  schedules  
only slightly. When responding  was measured  2 hr af ter  
inject ion,  b o t h  A9-THC and SP-1 1 1 decreased the  rate of  
responding mainta ined by the VI schedule  and by b o t h  
c o m p o n e n t s  of  the  mul t ip le  schedule  to the same ex ten t ,  
but  A9-THC was 3 to  6 t imes more  p o t e n t  than  its water  
soluble ester. Thus,  A9-THC has a more  rapid onset  of  
act ion and a greater  p o t e n c y  than  SP-1 1 1. 

Zi tko e t  al. [7] have suggested tha t  the  principle activity 
of SP-1 1 1 results f rom its in vivo hydrolys is  to A9-THC by 
the liver. They  repor ted  that  the  hydrolys is  of  SP-1 1 1 to 
A 9-THC occurs  rapidly in dogs, so tha t  the  onset  of  act ion 
by b o t h  SP-11 1 and A9-THC occurs  wi thin  10 min after  
in t ravenous inject ion.  Fur the r ,  SP-1 1 1 was as po ten t  or 
two- th i rds  as p o t en t  as A 9-THC in a variety of  tests in dogs 
and mice. In contras t ,  in our  pigeons SP-1 1 1 was only one- 
third to  one-s ix th  as po ten t  as A~-THC. 
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Each point is the mean of a single injection in each of 2 birds. 

The  slower onse t  of ac t ion  of SP-111,  relat ive to 
A9-THC in the  pigeon,  migh t  have occur red  because  o f ( l )  
species d i f ferences  in the  response  to  the  behaviora l  ef fects  
of  the  active t e t r a h y d r o c a n n a b i n o l s ,  A9-THC and SP-I 1 1; 
(2)  a slow hydrolys is  of  the  inact ive  SP-1 1 1 to  the  active 
A9-THC;  or (3)  a s lower  abso rp t ion  of  SP-111 t h a n  
A9-THC f rom the  pec tora l  muscle  of  the  pigeon. These  
same fac tors  migh t  also expla in  the  p o t e n c y  d i f fe rence  
b e t w e e n  SP-11 1 and A9-THC. Our  expe r imen t s  do  no t  
p e r m i t  a choice  among  these  possibi l i t ies;  however ,  
McMillan et  al. [6] have s h o w n  tha t  t e t r a h y d r o c a n n a b i n o l s  
are absorbed  fairly rapid ly  f rom pigeon pec tora l  muscle.  

Z i tko  e t  al. [7] have also r epo r t ed  t ha t  A9-THC is on ly  
1 to  1 5 t imes  more  p o t e n t  t h a n  SP-11 1, wh ich  is cons i s ten t  
wi th  a convers ion  of SP-111 to A9-THC. In the  p igeon 
A9-THC is 3 - 6  t imes  more  p o t e n t  t han  SP-111. It  is 

d i f f icul t  to  reconci le  this  large p o t e n c y  d i f fe rence  b e t w e e n  
Ag-THC and SP-1 1 1 on  the  basis of hydrolys is  of  SP-11 1 to 
A 9 -THC. 

F r a n k e n h e i m  e t  al. [2] have repor ted  t h a t  A9-THC and 
AS-THC have l i t t le  t e n d e n c y  to d i s rup t  the  t e m p o r a l  
pa t t e rn  o f  FI  responding.  In the  p resen t  e x p e r i m e n t s  there  
were small  changes  in the  qua r t e r  life af ter  large doses of  
A9-THC, while  SP-1 1 1 did no t  p roduce  changes  in the  
quar t e r  life. This  is f u r t he r  evidence tha t  t e t r ahyd ro -  
cannab ino l s  have l i t t le  ef fec t  on  the  t e m p o r a l  pa t t e rn ing  of  
FI  responding.  
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