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ELSMORE, T. F. The role o f  rehfforcement loss in tolerance to chronic ±-9-tetrahydrocannabinol effects on operant 
behavior o f  rhesus monkeys. PHARMAC. BIOCtlEM. BEHAV. 5(2) 123 128. 1976. - Two monkeys were trained on a 
multiple fixed-interval (FI) 12(I sec, differential reinforcement of low rate (DRI.) 120 sec schedule of food 
reinforcement for lever pressing in which the two schedules, each correlated with a distinctive cue, alternated 
throughout an experimental session. Under chronic daily treatment with ,,-9-tetrahydrocannabinol in a dose of 7 mg 
per o~" (1 mg/kg), for 40 consecutive days, responding increased in hoth schedules. Performance on the DRL schedule 
was affected less dramatically than that on the l,I schedule. Fven though reinforcement frequency on the DRL 
schedule remained suppressed and FI reinfc, rcement frequency was unaffected during chronic drug treatment, DRL 
performance showed greater tolerance than FI performance. 
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T H b  E F F E C T S  of  chron ic  adm i n i s t r a t i on  of .~-9-tetra- 
h y d r o c a n n a b i n o l  C~-9-'I'HC) on  hehavior  havc been the  
subject  of cons iderable  research in the  recent  past.  There  
have been many  repor t s  of  to le rance  d e v e l o p m e n t  to a 
variety of  effects  of the  drug [e.g. 3, 9, 13, 14] ,  and a few 
repor ts  of  sens i t iza t ion  to thc drug cffects  [10 ,191 .  
Reconci l ia t ion  of  these diverse responses  to chron ic  THC 
admin i s t r a t i on  is yet to come.  It has been suggested 14.161 
tha t  an i m p o r t a n t  d e t e r m i n a n t  of  the behaviora l  reponse  to 
chron ic  drug admin i s t r a t i on  is the way in which the init ial  
drug effect  in te rac ts  with the con t ingenc ies  con t ro l l ing  the  
behavior .  Schus te r  et al. [16]  a d m i n i s t e r c d d - a m p h c t a m i n c  
to rats  tha t  had been t ra ined on a mul t ip le  f ixed-intcrval  
(FI) ,  d i f ferent ia l  r e in fo rcemen t  of  low rate (DRI. )  schedule  
of  r e in fo rcemen t ,  and observed that  to le rance  occur red  to 
drug effects  on  re spond ing  in a par t icular  c o m p o n e n t  of  the 
schedule  only  when  the initial drug effect  p roduced  a 
r educ t ion  in r e in fo rcemen t  f requency  in tha t  c o m p o n e n t .  
In a second expe r i m en t ,  these invest igators  found  no 
to le rance  to response-ra te- increas ing effects  of  d -amphe ta -  
mine  in rats working on an und i sc r imina tcd  shock avoid- 
a n t e  schedule  [171,  when  the drug effect  resul ted in the 
animals  receiving fewer shocks  than  in non-drug  cond i t ions .  
On the  basis of  these  results,  Schustcr etal .  [161 proposed  
tha t ,  "Behav iora l  to le rance  will devclop in those  aspects  of  
the  o rgan ism's  behaviora l  reper to i re  where the  ac t ion  of the  

drug is such that  it d is rupts  the o rgan ism's  behav ior  in 
meet ing  the  c n v i r o n m c n t a l  r equ i r emcn t  for r e in fo rcemen t .  
Conversely,  where the ac t ions  of  the drug enhance ,  or do 
not  affect  the o rgan ism's  behavior  in mcc t ing  r e i n f o r c e m e n t  
r equ i r emen t s  we do not  expect  the d e v e l o p m e n t  of  
behavioral  t o l e rancc , "  [p. 1811. A similar  exp lana t ion  has 
been suggested for the deve lopmen t  of  behaviora l  to le rance  
to ,.'.-9-'I'HC 17, 12, 18].  This exp lana t ion  will be called the  
" r e i n f o r c e m e n t  loss"  hypo thes i s  of  behaviora l  to lerance .  

The present  e x p e r i m e n t  is similar to the Schus te r  et al. 
expe r imen t  in tha t  it emp loyed  a mul t ip le  FI DRL 
r e in fo rcemen t  schedule  for inves t igat ion of  chron ic  drug 
effects.  The  ut i l i ty  of  such a schedule  in the invest igat ion of  
in te rac t ions  be tween  behaviora l  and pharmacolog ica l  varia- 
bles in the con t ro l  of  behavior ,  is tha t  the relatively rapid 
a l t e rna t ion  of  the behaviora l  con t ingenc ies  represented  by 
the di f ferent  c o m p o n e n t s  of  the  schedule  takes place in a 
cons t an t  pharmacolog ica l  e n v i r o n m e n t .  Thus.  any differen-  
tial effects  be tween  the schedule  c o m p o n e n t s  may be 
a t t r i b u t e d  to d i f ferences  in the in t e rac t ion  b e t w e e n  the  
behavioral  r equ i r emen t s  made by the schedules  and the 
drug effect  ra ther  than  to pharmacolog ica l  or  o t h e r  
variables. 

It has been d e m o n s t r a t e d  tha t  at i n t e rmed ia t e  doses, 
.',-9-THC of t en  p roduces  an increase in the rate of  response  
u n d e r  var ious appet i t ive  schedules  of r e i n f o r c e m e n t  [2 ,6 ] .  

~'D~anks are expressed to G. V. Fletcher for help in conducting the experiment, D. R. Rhodus for help in the data analysis, and W. 
Taylor for typing the manuscript. 

2 In conducting the research described in this report, the investigators adhered to the "Guide for the Care and Use of Lahoratory 
Animals", DHEW Publication No (Nltt) 73-23, as Prepared hy the Institute of Laboratory Animal Resources, National Research Council. 
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If this  were the  case for b o t h  FI and DRL r e i n f o r c e m e n t  
schedules ,  the  r e i n f o r c e m e n t  loss hypo thes i s  would predic t  
oppos i te  results  of  chron ic  THC admin i s t r a t i on  on perfor-  
mances  unde r  the  two  schedules.  With an FI schedule ,  a 
single response  fol lowing the  end of  a fixed t ime per iod is 
the  only  r equ i r emen t  for r e i n f o r c e m e n t  and responses  
occur r ing  pr ior  to the  elapse of  the  fixed t ime per iod are 
w i thou t  effect .  The consequences  of  a drug- induced  acceler- 
a t ion  in r e spond ing  in such a s i tua t ion  would be twofo ld ;  
more  responses  would go un re in fo rced ,  and there  would be 
l i t t le effect ,  or perhaps  a slight decrease in the  average 
i n t e r r e i n f o r c e m e n t  interval  as a result  of  the higher  rate of  
response  p roduc ing  a decrease in the average t ime be tween  
r e i n f o r c e m e n t  avai labi l i ty  and the  occur rence  of a response.  
The r e i n f o r c e m e n t  loss hypo thes i s  would predict  l i t t le 
to le rance  to such a drug effect .  

A DRL schedule  requires  tha t  a fixed t ime period pass 
wi thou t  the  occur rence  of  a response  before  a response  will 
p roduce  r e in fo rcemen t .  Respond ing  tha t  occurs  prior to the 
elapse of  the  interval  resets the  t imer ,  de laying  the  
o p p o r t u n i t y  for r e in fo rcemen t .  A drug- induced  increase in 
r e spond ing  in such a s i tua t ion  would increase b o t h  the  
n u m b e r  of  un re in fo rced  responses,  and the average interval  
be tween  re in fo rcement s .  Thus,  the  r e i n f o r c e m e n t  loss 
hypo thes i s  would predic t  to le rance  to such drug effects  
unde r  chronic  admin i s t r a t i on  condi t ions .  A mul t ip le  FI 
DRL schedule  thus  provides  a means for assessing the role 
of  r e i n f o r c e m e n t  rate r educ t ion  in p roduc ing  to le rance  to 
the  behaviora l  ef fects  of  :>9-THC. 

METHOD 

Animals 

Two adul t  male rhesus m o n k e y s  were used. Both  had 
served in a var ie ty  of  pr ior  expe r i m en t s  wi th  A-9-TH(' ,  bu t  
had been  drug-free for the  five m o n t h s  pr ior  to the  present  
expe r imen t .  The  animals  weighed a p p r o x i m a t e l y  7 kg at the  
beg inning  of  the  e x p e r i m e n t  and were ma in ta ined  on Noyes  
750 mg food pel lets  earned dur ing  expe r imen ta l  sessions 
( m a x i m u m  of  96 per day)  and  ¼ piece of  fruit  (apple,  
orange,  or banana )  given at 0800  hrs each day. Water was 
available f rom a so lenoid-opera ted  dr inking  spou t  for a 
press on  a lever on the right side of  the  cage when  
expe r imen ta l  sessions were not  in progress. 

Apparatus and Procedure 

Each animal  lived in a separate  expe r imen ta l  cage with 
one  barred wall facing a large labora tory .  One side wall 
con ta ined  a 1 cm dia. lever p ro t rud ing  2.5 cm into the cage, 
15 cm from the  f ront  of  the  cage, and 30 cm high. A whi te  

jeweled pilot  light was m o u n t e d  6 cm above  the  lever. 
Pellets were delivered in to  a food h o p p e r  10 cm to the right 
and 10 cm be low the food lever. The  h o p p e r  could be 
i l lumina ted  with whi te  light. A speaker  was m o u n t e d  in the 
cage for del ivering aud i to ry  st imuli .  Overhead  housel ights  
and room lights were on  f rom 0800  to 2400  hrs daily, and 
off  f rom 2400 to 0800  hrs. Expe r imen ta l  p rocedures  and 
data recording were a u t o m a t e d  wi th  solid-state logic mod-  
ules, e l ec t romechan ica l  counters ,  p r in t ing  counters ,  and 
cumula t ive  recorders .  Data were later  punched  o n t o  paper  
tape for c o m p u t e r  analysis. 

Prior to the  e x p e r i m e n t  descr ibed here.  b o t h  animals  had 
been pe r fo rming  u n d e r  a p rocedure  similar to the  one  
descr ibed below for a b o u t  3 mon ths .  Expe r imen ta l  sessions 

were run 4 t imes  daily at 1000, 1600, 2200,  and 0400  hrs. 
Each session consis ted of  12 exposures  each to an FI 120 
sec and  a DRL 120 sec schedule .  White noise accompan ied  
the  F1 schedule  and a 1500 Hz tone  accompan ied  the  DRI. 
schedule .  The two schedules  a l t e rna ted  in 5 min blocks  of 
t ime,  dur ing each of  which a single pellet  could  be 
ob ta ined .  At the  start  of  each 5-min block,  the pilot light 
over  the lever and the aud i to ry  s t imulus  appropr i a t e  to the 
schedule  cur ren t ly  in effect  came on. Each press on the 
lever p roduced  a 1 sec d imming  of  the pilot light, and a 1 
sec i l lumina t ion  of  the  h o p p e r  light. When the  r equ i r emen t s  
for r e i n f o r c e m e n t  were met ,  the  pilot light went  off, and a 
food pellet  was delivered dur ing  the  one sec h o p p e r  light, 
fo l lowing which the aud i to ry  s t imulus ,  and all panel  l ights 
remained  off  unt i l  the r ema inde r  of  the 5 min block of  t ime 
had passed. If the  r e q u i r e m e n t s  for r e in fo rcemen t  were not  
met  wi th in  5 min,  the aud i to ry  s t imulus  changed a u t o m a t -  
ically, and the o t h e r  schedule  was put  in to  effect .  This 
p rocedure  was in effect  for 34 days prior to the  in i t ia t ion  
of  A-9-THC admin i s t r a t ion .  

A-O-THC was admin i s t e red  at 0800  hrs daily by inject ing 
it in to  the  an imal ' s  ra t ion  of  fruit .  The  daily dose was 7 mg 
(0.5 ml of  a 14 mg/ml  so lu t ion) ,  or a p p r o x i m a t e l y  1 mg/kg. 
Dosing was done  on an abso lu te  basis because of the 
dif f icul ty  of  weighing the animals  f r equen t ly  enough  to 
accura te ly  adjust  dosage. Drug so lu t ions  were prepared by 
di lut ing an e thanol  so lu t ion  of A-9-TIIC 1200 mg/ml )  with  
p ropy lene  glycol to achieve the  desired concen t r a t i on .  
Drugging c o n t i n u e d  for 40 consecut ive  days. 

RESUI,TS 

Only data  f rom the 1000 session will be repor ted .  Drug 
effects  occur red  in the o the r  3 sessions of  the day,  and were 
generally in the  same di rec t ion ,  but  of smaller  magn i tude  
than  the  effects  at 1000 hrs. The  baseline schedule  
main ta ined  qui te  low abso lu te  rates of r e spond ing  in b o t h  
schedule  c o m p o n e n t s .  The  average baseline response  rates 
for the  FI schedules  were 1.90 responses  per rain for Pete, 
and 0.44 responses  per  rain for Max. Baseline DRI. rates 
were 0 .50 responses  per rain for Pete,  and 0.34 responses  
per rain for Max. 

Changes  in response rates under  b o t h  the  FI and DRI_. 
schedules  under  chronic  drug t r ea tmen t  are presented  in 
Fig. 1. These data exclude  the first exposure  to each 
schedule  in each session, as well as exposures  in which no 
responses occurred.  Data for a given schedule  for a session 
were also excluded if the  an imal  failed to respond in at least 
2 of the 12 scheduled exposures  to tha t  schedule  in that  
session. Data were also unavai lable  for occasional  sessions 
due to failure of  recording apparatus .  These exclusions  also 
applied to all o the r  data  presented in the  paper.  To ob ta in  
the data of  Vig. 1, the response rate I responses  per  rain) was 
de t e rmined  for each of  the 11 analyzed exposures  to each 
schedule  in each session, and the median  of  these response 
rates was de t e rmined .  These  medians  were then conver ted  
to percentages  of the median  response rates for the 10 
predrug sessions [i.e. the median  of the dally medians  for 
the baseline sessions). Initial drug effects  on  median  
response rates were remarkab ly  similar for b o t h  animals.  
Both the El and DRL rates were elevated,  wi th  the DRL 
rate rapidly falling back towards  baseline.  Pe te ' s  El rate 
con t inued  to increase for abou t  the  first 10 days of drug 
admin i s t ra t ion ,  and Max's  rate increased for  the  first 5 days 
of drug admin i s t ra t ion .  For  the r emainder  of the chronic  
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FIG. 1. Median FI and DRL response rates are shown as a percentage of the respective baseline median response rates for 
each schedule, before, during and after chronic daily treatment with c~-9-THC. The drug was administered orally 2 hr 

presession, in a total dose of 7 mg (approximately 1 mg/kg). 

drug regimen, F[ rates were generally greatly elevated above 
baseline levels, with a good deal of  variability. DRL rates 
cont inued at or very slightly above baseline during this 
period. When drugging was d iscont inued ,  baselines were 
recovered within 10 15 days, with some t endency  for rates 
particularly for Pete,  to be lower than baseline during the 
initial pos tdrug period.  Thus, there appears to have been 
tolerance to the rate-increasing effect  of  A-9-TIIC on DR[. 
responding,  but no to lerance to the effect  on FI respond-  
ing. However,  this was only partially true. When the 
response rate data were p lo t ted  as means rather than 
medians, the DRL responding,  while still showing greater 
tolerance than FI responding,  remained clearly above 

baseline for the durat ion of  the drug t rea tment  due to 
occasional inf requent  episodes of  relatively high-rate re- 
sponding under  the DRL schedule.  These aberrat ions,  with 
a few except ions  (e.g. Pete in sessions 26 and 31), did not  
occur f requent ly  enough to affect  the medians,  but  they 
did occur more  f requent ly  than during the baseline period. 

Effects  of  the drug on re inforcement  rates under  the two 
schedules were as predic ted .  That  is, F! re in forcement  rates 
were ei ther  increased or unchanged,  and DRL rates were 
suppressed.  These data are presented  in Fig. 2. For  each 
session, mean re in forcement  rates were co mp u t ed  for each 
schedule by dividing total  r e in forcements  for the schedule 
by the total  t ime the schedule was in effect .  The data are 
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p l o t t e d  as p e r c e n t a g e s  o f  the  m e a n  o f  t he  10 p r e d r u g  
sess ions .  M e d i a n s  s h o w e d  s imi l a r  b u t  less m a r k e d  e f f ec t s .  It 
can  be s een  f r o m  th i s  f igure  t h a t  DR [ ,  r e i n f o r c e m e n t  ra te  
r e m a i n e d  s u p p r e s s e d  fo r  m o s t  o f  t h e  c h r o n i c  d r u g  t r ea t -  
m e n t  p e r i o d ,  a l t h o u g h  Pe te  a p p e a r e d  to  s h o w  s o m e  
c o n s i s t e n t  r e c o v e r y  t o w a r d s  t h e  end  o f  t he  t r e a t m e n t .  

C o m p a r i s o n  o f  Figs.  I and  2 s h o w s  t ha t  it w o u l d  be 
d i f f i cu l t  to  a c c o u n t  for  the  r e cove ry  in D R L  r e s p o n s e  ra te  
by t he  e f f ec t  s u c h  r e c o v e r y  m i g h t  have  on  r e i n f o r c e m e n t  
rate ,  s ince  the  t i m e  c o u r s e s  o f  t he  two  e f f e c t s  are q u i t e  
d i f f e r e n t .  

T h e  fact  t ha t  t he  d r u g  c o n t i n u e d  to a f f ec t  D R l  
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per fo rmance ,  t h o u g h  to a lesser e x t e n t  than  FI perfor-  
mance,  is d e m o n s t r a t e d  in Fig. 3 which shows la tency of  
responding  ( t ime to the  first response)  unde r  each schedule  
t h r o u g h o u t  the  expe r imen t .  These data  were calcula ted in a 
manne r  similar to those  of Fig. 1. Bo th  animals  showed  
shor te r  la tencies  in b o t h  schedules  unde r  t r e a t m e n t  with  
A-g-THC. This  effect  was greater  for  b o t h  animals  unde r  the  
FI schedule  than  the DRL schedule ,  and pers is ted th rough-  
out  the  chron ic  drug t r ea tmen t .  It is i m p o r t a n t  to note ,  
however ,  tha t  the  decrease in DRL latencies  did persist for 
the dura t ion  of  the  drug t r e a t m e n t .  Thus,  the appa ren t  
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to ta l  to le rance  in DRL response  ra te  could on ly  have been 
accoun ted  for by  an increase in the  dura t ion  of  inter-  
response  t imes subsequen t  to the  first response  in each 
DRL c o m p o n e n t .  When drug t r e a t m e n t  was t e rmina t ed ,  
la tencies immedia t e ly  became  longer for Pete  unde r  b o t h  
schedules,  r e tu rn ing  rapidly to baseline.  Fo r  Max, latencies 
under  the  DRL schedule  appeared  to remain  elevated for  20 
days pos tdrug.  

Cons idered  separate ly ,  the  drug effects  on the  two 
schedules  conf i rm o t h e r  A-9-THC studies.  Recovery  in DRL 
response rate under  chronic  A-9-THC admin i s t r a t i on  has 
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FIG. 3. Median latencies (time to the first response upon exposure to a given schedule) are shown as a percentage of the 
baseline median latencies for each schedule, before, during, and after chronic daily treatment with ,s-9-THC. 
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been repor ted  by Sodetz  [181 and Ferraro and Grisham 
[91. These results are in contras t  with those of  Franken-  
heim [10] who found increased sensitivity to the rate- 
increasing effects  of  delta-8-Ttf(" on DRL per fo rmance  of 
rats. This discrepancy remains to be clarified. In agreement  
with the present  s tudy,  Newman,  Lutz, and Domino  [151 
found tolerance to rate-depressing effects  of  THC on FI 
per formance  in rats to be ex t remely  slow. Ferraro and 
Grilly [8] also found no tolerance to the drug in 
chimpanzees  working under  a matching- to-sample  task. The 
finding in the present  s tudy of tolerance and lack of  
tolerance to different  behavioral effects  of  A-9-THC in the 
same animal during the same series of chronic  injections 
also replicates the data of Harris, Waters, and McLendon 
[11] and Elsmore [5] who found di f ferent  degrees of  
tolerance in the same animals, depend ing  on the behavioral 
requirements .  

The present  results partially conf i rm predic t ions  made 
by the re in forcement  loss hypothes is  regarding the develop- 
ment  of behavioral tolerance to drug effects.  Greatest  
tolerance to TI tC-induced increases in responding occurred 
only in those cases where the initial drug effect  reduced 
re inforcement  f requency.  The exact nature of  the mechan-  
ism, however,  remains unclear. Biochemical mechanisms are 
effectively ruled out by the exper imenta l  design. A corol- 
lary that  would seem to follow from the re inforcement  loss 
hypothes is  is that recovery from drug-induced reduct ion  in 
re inforcement  f requency would accompany  and suppor t  
observed behavioral tolerance.  This did not occur in the 

present s tudy.  The DRL re inforcement  rates of  both  
animals remained suppressed th roughout  drug t rea tment ,  
al though Pete 's  DRL re inforcement  rate appeared to be 
recovering towards  the end of the series. Thus, al though a 
clear di f ference in the rate of  recovery from drug-induced 
increases in responding seems to have occurred in the 
present s tudy,  the recovery in DRL responding was not 
suppor ted  by a concur ren t  increase in r e in fo rcement  
frequency.  

An alternative behavioral mechanism may be proposed 
to account  for the occurrence  of  tolerance.  The increased 
DRL response rates produced  a reduct ion  in re in forcement  
f requency in only that c o m p o n e n t  of  the multiple schedule.  
It is well established that decreases in re inforcement  
f requency lead to cor responding  reduct ions  in response rate 
[1] .  Thus, the reduct ion  in DRL responding that appears to 
bc tolerance to the drug effect  may simply reflect a general 
weakening of the behavior in that c o m p o n e n t  of the 
multiple schedule due to the redt ,ct ion in re inforcement  
f requency under  the DRL condi t ions .  Since the reinforce- 
ment  rate was unchanged or increased in the FI c o m p o n e n t  
of  the multiple schedule,  no reduct ion in response rate 
would be expected .  The generali ty of this explanat ion is 
probably  quite limited. What these results, and those 
ment ioned  earlier suggest, is that the degree of behavioral 
tolerance to .'>9-TIIC effects  is highly dependen t  upon the 
specifics of  the in teract ions  be tween  the drug and the 
schedule of  re in forcement  maintaining the behavior. 
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