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MANNING, F. J. Acute tolerance to the effects of  delta-9-tetrahydrocannabinol on spaced responding by monkeys. 
PHARMAC. BIOCHEM. BEHAV. 1(6) 665.-671. 1973. -- Rhesus monkeys were trained to lever press for food rein- 
forcement on a differential-reinforcement-of-low-rates (DRL) schedule, then given six different doses, per as, of A-9- 
tetrahydrocannabinol (TH('), ranging from 0 .5-16  mg (0.07-.2.86 mg/kg). Relative to vehicle placebos, all six doses 
produced increases in both the number of unreinforced responses and the time required to obtain 60 reinforcements 
and decreases in the median interresponse time. In addition, marked pausing occurred after the higher doses. In 20 of 
24 drug sessions these performance changes were less prominent in the second half of the session. In a second experi- 
ment the nature of this within-session improvement was investigated by comparing performances beginning 3 hr after 
THC ingestion, as in Experiment 1, with those beginning 4 hr afterwards. In all cases performance resembled those of 
Experiment 1, suggesting that it is performance under the influence of TIIC rather than mere exposure to the drug that 
is responsible for the marked improvement in performance observed during drug sessions. 

Tetrahydrocannabinol DRI. schedule Rhesus Tolerance 

R E S E A R C H  on the  behaviora l  effects  of  m a r i h u a n a  has 
increased explosively in the  few years since the isolat ion 
and synthes is  of  a ma jo r  active c o n s t i t u e n t ,  ,a-9-tetra- 
h y d r o c a n n a b i n o l  (TItC).  This o u t p o u r i n g  has ban ished  
some m y t h s  abou t  mar ihuana ,  bu t  has also p roduced  a lmos t  
as m a n y  new ques t ions  a b o u t  the  drug as it has answers.  
The area of  to le rance  is one no tab le  example ,  t l u m a n  
mar ihuana  devotees  have of ten  been less a f fec ted  than  
inexper ienced  users on expe r imen ta l  tasks [11,  14, 19] bu t  
they do  not  seem to require  increasingly larger doses to 
achieve desired subject ive  effects  [1 1 ,19] .  In fact ,  ch ron ic  
users typical ly  appea r  more  sensi t ive to  these  effects  than  
do  inexper i enced  users. N o n - h u m a n  subjec ts  have shown a 
similar  incons i s tency  in this regard. A l though  increased 
sensft ivi ty,  or reverse to le rance  has not  yel  been  success- 
fully d e m o n s t r a t e d ,  repeated admin i s t r a t i ons  of  I-HC to 
n o n - h u m a n  subjects  has p roduced  d rama t i c  a t t e n u a t i o n  of  
drug effects  on,  for  example ,  ope ran t  key-pecking  by  
pigeons [13]  or lever pressing by  rats [ I ] or  ch i mpanzees  
[7 ] .  On the o the r  hand ,  to le rance  to some effects  has been  
consp icuous ly  absent  le.g., 10] ,  even in animals  showing  

p r o n o u n c e d  to lerance  to one or more o the r  effects  [1, 8, 
151. 

The e x p e r i m e n t s  repor ted  below are the  first of  a series 
aimed at specifying (a) the c i rcumstances  u n d e r  which  
to lerance  may  be expec ted  to develop,  and (b)  the mecha-  
nism under ly ing  such to le rance  as does develop.  

EXPERIMENT 1 

Three  d i f fe ren t  labora tor ies  [5, 6, 9] have indepen-  
den t ly  repor ted  tha t  the operan t  p e r f o r m a n c e  of  ch impan-  
zees ma in t a ined  u n d e r  d i f fe ren t ia l - re in forcement -of - low-  
rates schedules  (DRL schedules)  was d i s rup ted  by doses of  
THC in the  effect ive h u m a n  dose range,  which  is far lower  
than  the range typical ly  used wi th  n o n - h u m a n  subjec ts  [8, 
10, 13] .  A l though  all three  laboratorJ.es i n t e rp re t ed  the i r  
f indings as suggesting tha t  ch impanzees  are excep t iona l ly  
well-suited for research wi th  THC, similar  f indings by 
Pradhan ,  Bailey, and Ghosh  [ l 7] wi th  rats suggest tha t  it is 
the DRL schedule  instead which  is so well-suited for  T t lC  
research.  The  e x p e r i m e n t  r epor t ed  here,  using rhesus 

t In conducting the research described in this report, the investigator adhered to the "Guide for l.aboratory Animal Facilities and Care," as 
promulgated by the Committee on Revision of the Guide for l.aboratory Animal Facilities and ('are of the Institute of Laboratory Animal 
Resources, National Academy of'Science - National Research Council. 

2The author thanks Mason C. Jackson, Jr. for his assistance in all phases of this research, and Wilhelmina Taylor for her help in preparation 
of the manuscript. 
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monkeys ,  seems to favor this view, and at the same t ime 
provides an example  of very rapid to le rance  to A-9-TtIC. 
The na ture  o f  this to le rance  is s tudied  fu r the r  in Experi-  
men t  Two.  

Method 

Animals. Four  male rhesus m o n k e y s  (Macaca Mulatta) 
were used. Three  were older juveni les ,  weighing approxi-  
mate ly  6 8 kg, aml one (K681) ,  sl ightly younger ,  weighed 
5.6 kg. The older  animals  had previously par t i c ipa ted  in a 
br ief  expe r imen t  ut i l izing a DRI.  schedule ,  bu t  the  young  
m o n k e y  was exper imenta l ly  naive. In add i t ion ,  one  of  the 
older  juveni les  (L28)  had previously suffered extensive  
ab la t ion  of  o rb i lo f ron ta l  cortex.  Ills data are included here 
only because they are so similar to those of  the o t h e r  three  
animals.  

Apparatus. Animals  were individual ly  housed in wire 
cages enclosed in sound a t t e n u a t i n g  expe r imen ta l  chambers  
(BRS-For inger )  cons t ruc ted  from 3 . 8 c m  mar ine  grade 
ha rbor i t e  sealed with epoxy  resin. ( 'age d imens ions  were 
app rox ima te ly  35 x 48 x 52 cm. Doors to these chamber s  
were closed only dur ing  daily tes t ing sessions. During these 
sessions a por tab le  intel l igence panel  was m o u n t e d  on the 
f ront  of  the an imal ' s  cage. This panel ,  con t ruc t ed  of  fiber- 
board with a stainless steel veneer,  measured  43 x 43 cm. 
Mounted  8 cm from the top ,  equ id i s tan t  f rom the sides, 
was a small pi lot  light wi th  jeweled ref lector .  Direct ly 
below this, a toggle switch ex t ended  3.8 cm in to  the 
m o n k e y ' s  cage. (-?entered at the very b o t t o m  of  the  panel  
was a circular  hole,  8 cm in dia, t h rough  which  the  m o n k e y  
could reach a small r e in fo rcemen t  cup. At appropr ia te  
occasions,  7 5 0 m g  Noyes m o n k e y  food pellets were deliv- 
ered to this cup. P rogramming  and data  recording were 
accompl ished  from an adjacent  room with solid s ta te  logic 
modules ,  e l ec t romechan ica l  counters ,  and a cumula t ive  
recorder .  

Procedure. All m o n k e y s  were tes ted five days per  week. 
I',ach session lasted unti l  the subject  had ob ta ined  60 food 
pellets, or a m a x i m u m  of  3 hr. Af ter  initial shaping a DRL 
schedule  was in effect  for the ba lance  of  the expe r imen t .  
The length  of  the m i n i m u m  reinforced in te r response  t ime 
was slowly increased to 60 sec. Data col lected were session 
lenglh,  total  responses  and in te r response  t imes ( IRT's ) .  The 
last of these were au tomat i ca l ly  grouped  in 12-sec class 
intervals (bins)  for two animals  and 6-see class intervals  for  
lhe o the r  two. When an animal  showed  s table  pe r fo rmance  
on this p rocedure  (i.e., no change in modal  IRT bin for 10 
sessions),  drug admin i s t r a t i on  began. 

Syn the t i c  a -9-TIIC,  supplied in e thano l  by the Nat ional  
Ins t i tu te  of  Mental Health,  was fu r the r  di luted with e thanol  
to yield concen t r a t i ons  such that  the w>lutne admin i s t e red  
was always 0.2 co. Placebos consis ted of  0.2 cc of  e thanol .  
Both I11(" doses and placebos were admin i s t e red  by inject- 
ing the liquid in to  tin 8 cm piece of  banana  and hand ing  it 
to the m o n k e y  to eat 3 hr  before  his session began. The 
animals  were always observed closely unt i l  they had at least 
put  the fruit  in to  their  mou ths .  Inspec t ion  of feces pans 
under  each cage never  revealed any evidence that  the ba- 
nana was rejected af ter  observa t ion  had ceased. Six differ- 
ent doses of  ,.x-9-TIIC were given to the monkeys ,  in a 
different  r a n d o m  order  for each animal.  Absolu te  dos ing 
was employed  (i.e., each animal  received the same a m o u n t  
of  Tilt,! regardless of  body  weighl) ,  and the  doses formed a 
geomet r i c  series from 0.5 mg Io 16.0 nag. Table  1 shows 
these doses, conver ted  to relative dosage ( m g / k g ) f o r  e~,sier 
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TABLE l 

R E L A T I V E  DOSES (mg/kg) AND THEIR ORDER Ol" 
ADMINISTRATION FOR EACH ANIMAl, 

THC in mg/kg (order of receipt) 

FII(' in mg 11363 K681 H090 L28 

0.5 0.07 (5) O.09 (4) 0.08 (3) 0.06 (31 

1.0 0.15 (4) 0.18 (2) 0.17 (5) 0.13 (6) 

2.() 0.29 (3) 0.36 (6) ().33 (6) 0.26 t2) 

4.0 0.59 (1) 0.71 (I) 0.67 (2) 0.52 (5) 

8.0 1.18 (2) 1.43 (5) 1.33 (4) 1.1)4 (1) 

16.0 2.35 (6) 2.86 (3) 2.67 (1) 2.08 (4) 

compar i son  to previous  work,  a long wi th  the orders  of 
admin i s t ra t ion .  At least a week elapsed be tween  successive 
doses, and all non-drug  sessions were p lacebo  sessions, 

R esu Its 

Three  summary  measures  of  pe r fo rmance ,  session length,  
median  IRT, and errors ( I R T ' s < 6 0  sec), were conver ted  to 
d i f ference measures  by sub t r ac t ing  from the values ob- 
tained dur ing  the drug session the values ob ta ined  in the  
immedia te ly  preceding p lacebo session. Table 2 displays the  
di f ference measures  ob ta ined  for each animal.  With one 
excep t ion  every drug admin i s t r a t i on  in this s tudy  resulted 
in an increase in errors  and a decrease in median  IRT. The 
one  excep t ion  was L 28, the heaviest  animal  in the s tudy,  tit 
the smallest  dose, 0.5 rag. In relative terms,  this m o n k e y  
received 0.07 mg/kg  of THC, which  is repu ted  to be the 
minimal ly  effect ive oral dose for h u m a n s  [ I g ] .  The only 
reliable dose-effect  re la t ionship  involved session length.  
There  was general t endency  for the drug sessions to be 
longer (i.e.. the m o n k e y s  took  longer to ob ta in  60 pellets) 
as dosage increased.  This apparen t  re la t ionship  is mislead- 
rag, however ,  since kruger sessions may result  f rom three  
qui te  d i f fe rent  changes in behavior .  First ,  the subject  may 
shift  his ent i re  response d i s t r ibu t ion  toward  longer IRT's.  
Second,  he may shift  his d i s t r ibu t ion  toward sho r t e r  IRT's  
and the reby  increase his n u m b e r  of  errors,  each of  which  
may add tip to 60 sec to his session t ime.  Final ly,  he may 
emit  a few very long pauses or s imply s top responding  
a l together .  The subjects  in this expe r imen t  ex t ended  thei r  
low dose session lengths  only by making  more  errors,  and 
ex t ended  their  high dose session lengths  by  a c o m b i n a t i o n  
of  more  errors and one or more very long pauses (greater  
than 5 rain). The la t ter  were seen on ly  at the 2 highest  dose 
levels employed .  Thus  the c o n t i n u o u s  increase in session 
length as a func t ion  of dose is not  p roduced  by  a single 
c o n t i n u o u s  dose -dependen t  process,  but  by the over lapping 
of  lwo qual i ta t ively  d i f ferent  drug effects.  

Figure 1 displays IRT d i s t r ibu t ions  for all four  animals  
af ter  three  selecled doses of TI1C ( 1 . 4 ,  and 16 mg), a long 
wi th  the preceding p lacebo sessions. Omi t t ed ,  for brevi ty  
and clarity only,  are data from sessions fol lowing 0.5.  2. 
and 8 rag. lVor two :,nimals available i n s t r u m e n t a t i o n  al- 
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T A B L E  2 

DIFFERENCE SCORES (DRUG SESSIONS-PLACEBO SESSIONS) FOR EACH OF THREE PERFORMANCE 
MEASURES AT EACH OF SIX DOSES OF THC FOR EACH OF FOUR RHESUS MONKEYS 

Drug Session - Control Session 

Errors Median IRT (see) Session Length (see) 

THC (rag) H363 K681 H090 L28 H363 K681 H090 L28 H363 K681 H090 1,28 

0.5 34 20 37 -6 -4.2 -12.8 -6.6 1.0 1465 3195 -827 -351 

1.0 14 18 7 15 -4.9 - 4.2 ~-~.6 -1.5 499 462 - 91 730 

2.0 12 3 15 31 -2.2 - 3.5 -4.3 3.9 709 186 550 1634 

4.0 69 26 20 35 -5.6 -10.7 -3.0 -5.1 3420 1537 746 1345 

8.0 57 * 39 23 -4.7 -- 0.4* -5.9 -2.2 2946 4334* 1324 5940 

16.0 147 31 29 30 -8.5 -22.9 -5.0 -3.7 7311 3151 1026 5940 

*K681 emitted only 10 responses 

lowed col lec t ion  of  IRT's  in 6-sec bins,  bu t  in two o thers  
12-sec bins were used. A lef tward shif t  toward  sho r t e r  
IRT's  is charac te r i s t ic  of  THC sessions in all four  sets of  
graphs.  This  shif t  appears  most  clearly in the  2 cases wi th  
6-see IRT bins,  bu t  this is p robab ly  a m e a s u r e m e n t  ar t i fac t  
due  to the  magn i tude  of  the  shif t  i tself  be ing  m u c h  closer 
to  6 sec than  12 sec. Tha t  the  shapes  of  the  d i s t r ibu t ions  
were not  drast ical ly  changed by THC (i.e., they  are still 
u n i m o d a l ,  b e l l - s h a p e d ,  and  cen te red  a p p r o x i m a t e l y  
a round  the m i n i m u m  re inforced  IRT)  suggests tha t  the 
DRL con t i ngency  was still exer t ing  power fu l  con t ro l  over  
the an imal ' s  behavior .  The drug effect  was pr imar i ly  a sys- 
t emat i c  e r ror  in the  d i rec t ion  of  s ho r t e r  IRT's .  Cons iderab le  
inter-  and in t ra -an imal  var iabi l i ty  (even more  p r o n o u n c e d  
when  all 6 doses for  each animal  are cons ide red)  again 
precludes  any  genera l i za t ion  re la t ing m a g n i t u d e  of  drug 
ef fec t  to dose of  THC. 

Figure 2, which  presen ts  r epresen ta t ive  cumula t ive  
records,  reveals an add i t iona l  charac te r i s t i c  of  the  effects  of  
THC on spaced responding:  the  d i s t r i bu t ion  of  errors  is no t  
at all r andom.  Ins tead,  a m a r k e d  wi th in-sess ion improve-  
m e n t  is obvious,  in 20 of  24 sessions the  ma jo r i ty  o f  the  
errors  were c o m m i t t e d  before  the  subjec t  gained ha l f  his 60 
r e in fo rcemen t s .  Averaging over  all subjects  and all drug 
sessions, 68% of  the to ta l  errors  c o m m i t t e d  occur red  in the  
first ha l f  of  the  session and only  32% in the  second half.  

Di.~cussion 

In general ,  the results  ob t a ined  c o n f o r m  qui te  well to 
those  repor ted  in s tudies  e m p l o y i n g  rat [17]  and ch impan-  
zee [5, 6, 9] subjects .  This  ag reement  emerges  desp i te  a 
subs tan t ia l  n u m b e r  of  p rocedura l  d i f fe rences  a m o n g  these 
studies.  It is, in fact,  diff icul t  to specify c o m m o n  e lement s  
in these 5 expe r imen t s  besides the  use of  the  DRL con t in -  
gency.  F u r t h e r  t e s t i m o n y  to the  sensi t iv i ty  of  spaced 
respond ing  to TI tC lies in the  very low dosages effect ive  in 
the present  expe r im en t .  In three  of  the  four  subjects ,  
ef fects  were p roduced  by doses of  less than  0 . 1 0 m g / k g .  

This is very close to the  m i n i m u m  effect ive  oral dose in 
h u m a n s  [ 1 8 ] ,  and ten to one h u n d r e d  t imes smaller  than  
the  dosage effect ive  in typical  expe r imen t s  wi th  n o n - h u m a n  
animals  [8, 10, 13] .  In this respect ,  the  present  results  are 
clearly at variance wi th  the  suggest ions of  some [6 ,9]  tha t  
the  ch impanzee  offers some un ique  advantage ,  in te rms of  
sensi t ivi ty ,  for  the  s tudy  of  A-9-THC. The present  results  
are also in agreement  with  the  f indings of  Cappell  e t  al. [ 2 ] ,  
who  used a DRL schedule  to assess the  effects  of  A-9-THC 
in humans .  They  are also cons i s ten t  with  anecdo ta l  and 
expe r imen t a l  repor ts  [4 ,12]  o f  "a l t e red  t empora l  percep-  
t i o n "  by  h u m a n  mar ihuana  users (i.e., they  repor t  "60  
seconds  has passed"  af te r  only  50 sec). The spaced respond-  
ing genera ted  by  DRL schedules  thus  appears  to provide an 
exce l len t  basel ine for assessing the presence  and na tu re  of  
to le rance  to A-9-THC: the drug produces  similar  effects  in a 
var iety of  species, inc luding  man,  and these are seen at 
doses as small  or smaller  than  any  he re to fo re  repor ted .  

The  ma jo r  new observa t ion  repor ted  in this e x p e r i m e n t  
is tha t  the  increase in un re in fo rced  responses  p roduced  by 
THC is largely conf ined  to the first ha l f  of  the session 
(approx .  1 hr).  1"he drugged animal  qui te  o f t en  had reat- 
ta ined his baseline prof ic iency  by the  end of  a single 
6 0 - r e i n f o r c e m e n t  tes t ing session. Expe r imen t  2 addressed 
the na tu re  of  this rapid recovery.  

EXPERIMENT 2 

The work descr ibed be low was a ra ther  s imple test of 
two of  the  mos t  obvious  possible exp lana t ions  of  the  highly 
skewed e r ror  d i s t r ibu t ions  seen in E x p e r i m e n t  One. It is 
possible tha t  the  relative scarci ty of  errors  b e y o n d  the  first 
hou r  of  tes t ing (3rd to 4 th  hou r  pos t inges t ion)  closely 
ref lected the  t ime course of  the drug ' s  action., the  resu l tan t  
of  the in te rac t ion  of  abso rp t ion ,  me tabo l i sm,  and excre- 
t ion.  On the  o the r  hand ,  this  wi thin-sess ion i m p r o v e m e n t  
may  have resul ted from the in te rac t ion  of  the drugged 
animal  with  his ex te rna l  e n v i r o n m e n t ,  and may  be viewed 
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FIG. 2: Representalive cumulative records, from two animals (K681 and L28), of performance under the DRL 6(l-see schedule after placebo 
and after A-9-THC. 

as the adapt ive  response  of  a food-depr ived  organism to a 
sudden ly  decreased f r equency  of r e in fo rcemen t .  

These two pos i t ions  are of  course  no t  mu tua l )y  exclu-  
sive, bu t  some measure  of  the  relat ive i m p o r t a n c e  of  
exposure  to THC per se and exposu re  to  the  r e i n f o r c e m e n t  

con t ingenc ies  as well may  be gained by hold ing  the fo rmer  
cons t an t  while varying the  la t ter .  

M e t h o d  

Amrnals .  Three  of  the four  m o n k e y s  f rom E x p e r i m e n t  1 
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HG. 3: Cumulative records of the performances under the DRL 60-see schedule of all three animals after 0.75 mg/kg'llt(?, 3 and 4 hr prior 
to the beginning of the session. Arrow indicates one hr into session. 

were used. Monkey L28 was not  used in this expe r imen t .  
Monkey 11090 had not  received THC for a period of  6 
mon ths ,  and K681 and [ t363 had not  received the  drug for  
3 weeks and 2 weeks respect ively.  

Apparatus and Procedures. These were identical  to those  
of Expe r imen t  1 in all respects  except  the  following.  
Animals  received only two t r e a t m e n t  with  ,~-9-TllC, b o t h  
of  which were doses of  (I.75 mg/kg,  PO. On one  of  these 
two occasions,  Wl-l(_" ingest ion preceded the start  of  the 
behavioral  tes t ing by 3 hr,  as in Exper imen t  1. The start  of  
the o the r  drug session fol lowed ingest ion by 4 h r .  tf  the  
peak of  drug ac t ion occurs  3 hr or less af ter  ingest ion,  
sessions s ta r t ing  at 4 h r  af ter  ingest ion should  be far less 
d is rupted  by "I'HC than those s tar t ing 3 hr  a f te r  "I11(?. For  
two animals  (K681 and t t 3 6 3 )  and the  3-hr delay cond i t ion  
occurred before  the 4 h r  delay. For  the o the r  animal  
(11090) cond i t ions  were reversed. 

Results 

Figure 3 displays the cumula t ive  records of  all the rele- 
vant sessions (pe r fo rmances  af te r  the placebos  were highly 
similar to those displayed in Fig. 2). it is clear from the 
similari ty of  the  2 sets of  records tha t  de laying  the onset  of  
behavioral  tes t ing unt i l  4 hr af ter  THC ingest ion is consider-  
ably less effect ive as a m e t h o d  of  e l imina t ing  errors  than  is 
a l lowing the m o n k e y  to in teract  wilh  the cont ingenc ies  of  
r e in fo rcemen t  for tha t  extra  hour .  In fact,  analysis of  
Table 3, which presents  eff ic iency measures  ( re inforce-  
ments  per  response)  for  each m o n k e y  dur ing  and af te r  the 
first hour  of  pe r fo rmance ,  suggests tha t  an extra  hour ' s  
exposure  to THC fails to d iminish  its d isrupt ive  effects  on 
spaced responding  at all: eff ic iency dur ing  the first hou r  of  
the sessions s tar t ing 4 hr a f te r  '['1t(7 ingest ion is no  b e t t e r  
than dur ing  the first hou r  of sessions beg inn ing  3 hr  a f te r  
ingestion.  On the o the r  hand ,  the ef f ic iency of  every 
m o n k e y  was cons iderably  higher  af ter  one  hour ' s  perfor-  
mance,  regardless of  the t ime since THC ingest ion.  

TABLE 3 

EI-'HCIENCY OF I)ERFORMANCE UNDER A I)RL SCIIEI)ULE 
3 AND 4 HR AFTER INGESTION O1." A'-'_THC (0.75 mg/kg) 

Reinlk)rcements Per Response 

3 Hr Delay 4 IIr Delay 

S First Hr After 1 Ih First llr After 1 IIr 

K681 drug (I.61 0.79 0.51 0.72 

placebo (I.94 0.91 0.98 (3.94 

11363 

11090 

drug tl.27 0.58 (I.38 0.55 

placebo 0.88 [I.73 0.79 0.78 

drug (1.75 0.83 0.65 (}.87 

placebo 0.98 (I.93 (t.92 0.93 

Discussion 

This e x p e r i m e n t  provides a clear d e m o n s t r a t i o n  tha t  the  
rapid recovery from the disrupt ive  effects  of  ,~-9-'1"1t(7 on  
spaced responding  by rhesus m o n k e y s  is not  a result of  
mere exposure  to the drug, but  is cri t ically d e p e n d e n t  upon  
the  in te rac t ion  of  the  subject  wi th  the r e in fo rcemen t  con- 
t ingencies.  Under  these c i rcumstances  the  most  pars imo- 
nious  exp lana t ion  of  the observed to lerance  seems 1o be the 
law of  effect :  the drugged m o n k e y  is con t ro l led  by the 
same t endency  to op t imize  r e i n f o r c e m e n t  f requency  as is 
any o the r  food-depr ived organism. Decreases in re inforce-  
men t  dens i ty  lead to c o m p e n s a t o r y  ad jus tmen t s  in behav-  
ior. In this view the rapid within-session improvemen t  
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displayed by drugged subjects  is a learn ing  curve,  m u c h  like 
the  rapid i m p r o v e m e n t  s h o w n  by non-drugged  animals  
adap t ing  to an increase in the  length  of  the  m i n i m u m  
re inforced  in te r response  t ime.  (We have,  in fact ,  genera ted  
cumula t ive  records  very s imilar  to those  in Fig. 3 mere ly  by  
changing  f rom a DRL 60-sec schedule  to a D RL 72-sec 
schedule) .  

it is di f f icul t  to  specify wi th  conf idence  the  re la t ionsh ip  
b e t w e e n  this  rapid wi thin-sess ion to le rance  and  the  s lower  
a c r o s s - s e s s i o n  to le rance  observed  by  n u m e r o u s  o t h e r  
invest igators .  It is unden iab l e  tha t  some pharmacolog ica l  
to le rance  to A-9-THC mus t  occur ,  at least in the  pigeon,  
s imply  because it is d i f f icul t  to imagine how  learning could  
under l ie  the  upward  shif t  in the  le thal  dose p roduced  by  
THC p r e t r e a t m e n t  [ 13 ].  l lowever ,  it is also u n d e n i a b l e  tha t  
more  than  a few behaviora l  e x p e r i m e n t s  are very di f f icul t ,  
if no t  imposs ib le ,  to expla in  on  this basis alone.  Carder  and 
Olson [3] for  example  have s h o w n  tha t  rats admin i s t e red  
THC daily d e m o n s t r a t e d  to le rance  to its suppressan t  effects  
on  bar  pressing only  if they  were al lowed to press while  
drugged.  Pirch and his colleagues [16]  have shown  tha t  
THC e n h a n c e d  the  s hu t t l e - box  avoidance  p e r f o r m a n c e  of 

some rats ( those  wi th  poor  basel ine  pe r fo rmances )  and 
decreased the  pe r fo rmance  of  o thers  ( those  wi th  exce l len t  
basel ine  pe r fo rmances ) .  Only  the  rats in which  acute  
admin i s t r a t i on  of  THC resul ted in decreased avoidance  
showed  any  evidence of  to le rance  when  in jec t ions  were 
con t inued .  Final ly ,  Fer ra ro  [7] has repor ted  t ha t  2 mg/kg  
A-9-THC p roduced  large decreases in the  ope ran t  response  
rates of  m o n k e y s  working  for food u n d e r  a var iable- interval  
schedule .  Only when  these rate decreases  p roduced  a signifi- 
cant  decrease  in r e i n f o r c e m e n t  f r equency  was to le rance  
observed,  and  the  lowered response rates which  did increase 
wi th  repeated  in jec t ions  did so on ly  unt i l  the  basel ine rein- 
f o r c e m e n t  f r equency  was rea t ta ined .  Exp lana t ions  of  toler-  
ance to THC which  emphas ize  abso rp t i on ,  d i s t r ibu t ion ,  
me tabo l i sm,  sensi t ivi ty  of  target  tissue, or  exc re t ion  all 
handle  these data ,  as well as those  of  the present  experi-  
men t ,  only  wi th  ex t r eme  di f f icul ty .  However ,  they are 
ent i re ly  cons i s ten t  wi th  the  learning hypo thes i s  expressed 
here,  tha t  a subs tan t ia l  p r o p o r t i o n  of  to le rance  to behav-  
ioral effects  of  TI tC is due to the  general  t e n d e n c y  of  
organisms to max imize  r e i n f o r c e m e n t  dens i ty .  
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