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MANNING, F. J. Role of  experience in acquisition and loss of  tolerance to the effects of  A-9.THC on spaced 
responding. PHARMAC. BIOCHEM. BEHAV. 5(3) 269-273,  1 9 7 6 . -  Albino rats were given extensive training in 
spaced responding, using a DRL 30 sec schedule of food reinforcement (only lever presses more than 30 sec apart were 
reinforced). All rats then went 12 days without behavioral testing. During this period half the rats received daily 
intragastric doses of delta-9-tetrahydrocannabinol (THC) and the rest equal volumes of the THC vehicle. On day 13, some 
rats received THC 3 hr before behavioral testing while others received only vehicle. The former showed a sharp increase in 
lever press rate over baseline levels, but the vehicle control rats were unaffected. The rats with 12 prior THC doses were no 
less affected than those with no previous drug history. Continued testing resulted in recovery of baseline performance 
within 5 sessions, again with no effect of previous drug history. Similar results were obtained with doses of 4 mg/kg and 16 
mg/kg, though the drug's effects were more pronounced at the higher dose. These results demonstrate that performance in 
the drug state can be a far more important determinant of tolerance than mere exposure to THC. Drug administration was 
then suspended for 1 week. Rats that had become tolerant to 4 mg/kg THC were then redivided into 3 new groups. One 
group received daily doses of vehicle and DRL sessions, a second received DRL sessions without vehicle, and 1 group 
received neither vehicle nor DRL sessions for this week. Subsequent DRL testing after THC administration showed that 
only the groups receiving DRL sessions in the intervening week lost their previously acquired tolerance. Experience thus 
appears to play an important role in loss of tolerance to THC as well as in acquisition of tolerance. 

Tetrahydrocannabinol Tolerance DRL schedule 

ONE O F  the  mos t  s t r iking fea tures  of  research on  the  
behaviora l  ef fects  of  m a r i h u a n a  and  its c o n s t i t u e n t s  has 
been  the  a t t e n u a t i o n  of  m a n y  qui te  subs tan t ia l  changes  in 
behav ior  wi th  chron ic  admin i s t r a t ion .  McMillian and  his 
associates,  for  example ,  have shown to le rance  to behaviora l  
ef fects  of  A - 9 - t e t r a h y d r o c a n n a b i n o l  (THC) in pigeons  and 
rats  even grea ter  t han  t ha t  which  develops wi th  repea ted  
doses of  m o r p h i n e  [ 14] .  

Not  all behaviora l  ef fects  of  THC or mar ihuana  show 
such to le rance  however  (e.g., [ 3 , 1 2 ] ) ,  and several recen t  
expe r imen t s  are very  diff icul t  to  reconci le  wi th  t rad i t iona l  
exp lana t ions  of drug to le rance  such as changes  in drug 
d i s t r ibu t ion ,  me tabo l i sm,  and  excre t ion .  Carder  and  Olson 
[5] p rov ided  a par t icu la r ly  i m p o r t a n t  ins tance  in the i r  
e x a m i n a t i o n  of  to le rance  to the  depressant  effects  of  a 
m a r i h u a n a  ex t rac t  on  the  lever pressing of  rats  for water  
r e in fo rcemen t .  Rats  receiving m a r i h u a n a  ex t rac t  before  
each behaviora l  tes t ing session pressed s ignif icant ly  less on  
the  first day of  drug t r e a t m e n t ,  bu t  showed  comple t e  

to lerance by  the  s ix th  such test.  Rats  receiving m a r i h u a n a  
over the  same per iod ,  bu t  a f te r  each session r a the r  t han  
before,  showed  l i t t le  or no  evidence of  behaviora l  to le rance  
when  the  drug was subsequen t ly  admin i s t e red  before  
test ing.  They  conc luded  t ha t  mere  app l ica t ion  of  mar ihua-  
na, w i t h o u t  p rovid ing  the  exper ience  of  r e spond ing  while 
drugged,  was insuf f ic ien t  to  develop behaviora l  to lerance .  
The general i ty  of  th is  f inding migh t  be ques t ioned  however ,  
since the  au tho r s  could no t  p roduce  parallel  f indings  using 
food r e in fo rcemen t ,  and  o thers  [10]  have since r epo r t ed  
qui te  d i f fe rent  resul ts  in similar work using a shock 
avoidance  task. The presen t  work ex t ends  this  l ine of  
inqu i ry  f rom the  relat ively non-specif ic  sedat ion  n o t e d  in 
the  above  expe r imen t s  to  the  s t imula t ing  effect  of  THC on  
lever pressing con t ro l l ed  by a DRL (di f ferent ia l - re inforce-  
ment-of- low-ra tes)  schedule  of  r e in fo rcemen t .  This  effect  
has b e e n  repor ted  in a var ie ty  of  species, a t  doses at least as 
low as any  in the  l i te ra ture  [8, 1 I, 12, 18] .  It is also one  of  
the  few which  has  been  r epo r t ed  for  h u m a n  [4] as well as 

J In conducting the research described in this report, the investigators adhered to the Guide for the Care and Use of Laboratory Animals 
DHEW Publication No. (NIH) 73-23, as prepared by the Institute of Laboratory Animal resources, National Research Council. 
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non-human subjects, and is consistent with frequent human 
reports of altered temporal perception after marihuana 
smoking. 

METHOD 

Animals 

Forty male albino rats of the Wistar-derived barrier 
reared Walter Reed strain were used. All were allowed to 
grow 380 g, then reduced to 300 g and kept at this weight 
through the experiment. All were individually caged and 
had water available at all times in these cages. Food earned 
during behavioral testing was supplemented by varying 
amounts placed in the home cage immediately after testing. 

Apparatus 

Four identical BRS-Foringer operant chambers were 
used for this experiment. Equal numbers of experimental 
and control rats were assigned to each chamber, and each 
rat was tested in the same chamber throughout the 
experiment. Each chamber had a single lever on one wall, to 
the right of a centrally located food hopper, into which 45 
mg Noyes food pellets were dispensed. A single small pilot 
light 5 cm over the lever and two 5 W house lights at the 
top of the opposite wall were illuminated throughout the 
session, except while the lever was depressed. 

Drugs 

Synthetic A-9-THC was made available by the National 
Institute of Drug Abuse. Supplied in ethanol at a concentra- 
tion of 0.2 g/ml, it was diluted with propylene glycol in 
amounts sufficient to allow dosing with a constant volume 
of 0.3 ml. Vehicle doses consisted of 0.3 ml of a propylene 
glycol-ethanol solution in which the volume of ethanol was 
equal to the volume of the stock THC solution in the 
corresponding THC dose. Route of administration was 
intragastric (via feeding tube) and took place 3 hr prior to 
the scheduled start of each rat's daily testing session. 

Procedure 

When the body weight of each rat reached 300 g, it was 
given its first behavioral testing session. Each lever press 
response was reinforced, for a total of 50, or until 50 rain 
had elapsed. Any rats not obtaining 50 pellets in this 
session were given further such sessions on succeeding days 
until responding was established. The reinforcement sched- 
ule was then changed to DRL 10 sec, DRL 20 sec, and 
finally DRL 30 sec over a course of 10 -20  sessions. 
Twenty-five sessions were run under the DRL 30 sec 
schedule, the last 10 of which were preceded by 3 hr by 
doses of THC vehicle. The top half of Table 1 outlines the 
design of the experiment from this point on. 

At this point behavioral testing was suspended for 12 
days. During this period half the subjects (Groups 4-4, 
16-V, and 16-16) received daily oral doses of A-9-THC, and 
half (Groups V-V, V-4, and V-16) continued to receive 
daily oral doses of the vehicle. Of those receiving THC, 12 
rats (Group 4-4) received 4 mg/kg and 8 (Groups 16-V and 
16-16) received 16 mg/kg. Dose volume was always 0.3 ml. 
When behavioral testing was again resumed, Groups V-4, 
4-4, V-16 and 16-16 received THC 3 hr prior to testing, V-4 
and 4-4 receiving 4 mg/kg and V-16 and 16-16 receiving 16 
mg/kg. Groups 16-V and V-V received only the vehicle. 
Dosing and testing continued for 5 days. 

At the conclusion of 5 days of DRL testing under the 
influence of THC, Phase 1 ended and Phase 2 began. The 
bot tom half of Table 1 outlines the procedures for this 
phase. Briefly stated, the vehicle controls and the 1 6 mg/kg 
rats were dropped from the experiment at this point, and 
all clearly tolerant rats from Groups V-4 and 4-4 were 
maintained drug free for the following 7 days. One-third of 
these rats (chosen at random) were left undisturbed in their 
home cages for this period. This is Group R, for rest, in 
Table 1. Another third (selected similarly) received doses of 
vehicle and DRL sessions each day. This is Group SV, for 
sessions and vehicle, in Table 1, The remaining rats (Group 
S) were given DRL sessions without vehicle administration. 
On the 8th day of this phase, all rats were given a DRL 
session 3 hr after administration of A-9-THC, 4 mg/kg. 

TABLE 1 

OUTLINE OF SEQUENCE OF FINAL TRAINING AND DRUG CON- 
DITIONS 

Procedure 

Phase I 10 sessions 12 days rest 5 sessions 
Group n of DRL 30 of DRL 30 

V-4 12 vehicle vehicle daily 4 mg/kg THC 
4-4 12 vehicle THC 4 mg/kg daily 4 mg/kg THC 
V-16 4 vehicle vehicle daily 16 mg/kg THC 

16-16 4 vehicle THC 16 mg/kg daily 16 mg/kg THC 
16-V 4 vehicle THC 16 mg/kg daily vehicle 
V-V 4 vehicle vehicle daily vehicle 

Phase II 
1 session 

Group n 7 days of DRL 30 
R 5 rest, no vehicle 4 mg/kg THC 
S 5 DRL 30, no vehicle 4 mg/kg THC 
SV 5 DRL 30, vehicle daily 4 mg/kg THC 

RESULTS 

Phase 1 

Table 2 summarizes the performances of the various 
groups during the final 3 baseline sessions (vehicle 3 hr 
prior) and the 5 THC sessions. Group means are presented 
for 3 measures: total responses in the sessions, the median 
interresponse time, and the ratio of reinforcements to 
responses (absolute no. of reinforcements was not very 
informative, since most sessions by definition consisted of 
50 reinforcements). Baseline values on all three variables are 
similar for all groups, an observation confirmed by 
one-way analyses of variance. Collapsing across the 
pretreatment variable, the data from the first drug session 
of all the rats receiving vehicle on this day (V-V and 16-V) 
were compared to those receiving 4 mg/kg (V-4 and 4-4) or 
16 mg/kg (V-16 and 16-16). T-tests confirmed the drug 
effects obvious by inspection of Table 1 : rats receiving 16 
mg/kg were significantly (p<0.01) more affected by THC 
than those receiving 4 mg/kg, who in turn differed 
significantly (p<0.01) from those receiving only vehicle. 
Since the primary interest of the experiment lay in possible 
differences between groups pretreated with THC (16-V, 
16-16, 4-4) and those receiving only vehicle (V-V, 
V-16,V-4), separate 2-way analyses were conducted corn- 
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T A B L E  2 

GROUP MEANS (-,- S.E.M.) OF SEVERAL PERFORMANCE MEASURES DURING FINAL 3 BASELINE AN D 
5 DRUG SESSIONS* 

Mean Consecutive THC Sessions 
Groups Baseline 1 2 3 4 5 

Total Responses 
V-V 118 ± 16 117 ± 15 118 ± 12 84 ± 19 87 ± 18 86 ± 19 
16-V 107 ± 14 106 ± 13 107 ± 15 73 ± 21 75 ± 20 79 ± 22 
16-16 121 ± 17 192 ± 8 155 ± 17 117 ± 24 123 ± 23 126 ± 20 
V-16 114 ± 17 147 ± 20 124 ± 22 115 ± 15 112 ± 21 89 ± 21 
4-4 120 ± 14 145 ± 9 125 ± 13 128 ± 16 116 ± 13 117 ± 16 
V-4 123 ± 15 159 ± 16 157 ± 17 135 ± 16 123 ± 14 129 ± 16 

Median Interresponse Time 
V-V 31.2 ± 1.8 30.8 ± 2.0 30.9 ± 1.9 33.6 ± 3.6 32.9 ± 2.9 33.3 ± 2.7 
16-V 30.9 ± 2.0 32.0 ± 2.9 30.6 ± 2.7 34.7 ± 3.3 34.9 ± 3.7 34.9 ± 3.3 
15-16 29.0 ± 1.9 20.0 ± 1.8 24.2 ± 2.4 29.5 ± 2.9 28.0 _ 3.6 28.2 ± 3.5 
V-16 29.2 ± 1.9 22.0 ± 3.2 27.7 ± 1.3 28.4 ± 1.6 26.5 ± 3.0 33.8 _ 4.9 
4-4 29.5 ± 1.9 25.8 _ 1.3 28.2 ± 1.5 29.4 ± 2.3 29.4 ± 2.3 30.6 ± 2.3 
V-4 27.8 ± 2.4 22.7 ± 2.1 23.4 ± 1.9 25.4 ± 2.1 27.1 ± 2.3 27.3 ± 2.3 

Reinforcement/Response 
V-V 0.45 ± 0.08 0.47 ± 0.08 0.48 ± 0.09 0.61 ± 0.11 0.59 ± 0.12 0.58 ± 0.13 
16-V 0.50 ± 0.12 0.52 ___ 0.12 0.52 ± 0.10 0.65 ± 0.13 0.65 ± 0.15 0.62 ± 0.14 
16-16 0.42 ± 0.09 0.18 ± 0.02 0.25 ± 0.08 0.46 ± 0.08 0.41 __ 0.05 0.47 ± 0.09 
V-16 0.42 ± 0.09 0.29 ± 0.09 0.39 ± 0.11 0.39 ± 0.06 0.40 ± 0.11 0.55 ±_ 0.15 
4-4 0.42 ± 0.07 0.29 ± 0.05 0.35 ± 0.06 0.42 _ 0.08 0.43 ± 0.07 0.46 ± 0.09 
V-4 0.43 ± 0.08 0.26 ± 0.04 0.30 ± 0.08 0.34 ± 0.09 0.40 ± 0.04 0.38 ± 0.09 

*Groups V-V and 16-V received only the THC vehicle during the "THC Sessions" 

paring baseline vs 1st day drug session per formances  of  
pre t rea ted  and non-pre t rea ted  groups at each dose level, 
i.e., 16-V vs V-V, 16-16 vs V-16, and 4-4 vs V-4. Results 
were similar on each of  the 3 d e p e n d e n t  variables: a highly 
significant drug effect  (F( 1,6) or ( 1,22)/> 21.80; p<  0.01 in 
all cases) for all groups receiving THC 3 hr prior to the 1 st 
drug session, but  no p r e t r e a t m e n t  effect  or in teract ion (all 
F's~< 1.39; df  = 1,6 or 1,22; n.s.). The 12 day suspension of  
training did no t  significantly affect  pe r formance ,  since 
nei ther  o f  the groups receiving only  vehicle 3 hr prior to 
drug session 1 differed f rom baseline on any measure 
(F ( I , 6 )  = 1.18; n.s.). Similar analyses were applied to the 
data f rom the 5 drug sessions, to  de tec t  any possible effects  
of  p r e t r ea tmen t  on to lerance deve lopment .  Again, however ,  
on all 3 variables, there was no significant effect  of 
p r e t r ea tmen t  (F's~< 1.82; df  = 1,6 or 1,22; n.s.). There was a 
strong effect  of sessions for all groups receiving THC 3 hr 
prior to the sessions (all F's~>5.20; df = 4,24 or 4,88; 
p<0 .01  in all cases), indicat ing tolerance deve lopment ,  but  
no in terac t ion  with p re t r ea tmen t  (F's~< 1.27; df  = 4,24; or 
4,88). 

Phase 2 

Since Groups  V-4 and 4-4 did not  differ in any way in 
Phase 1, these rats were reassigned after  the 5th session 
under  THC, into 3 groups: R (rest),  S (sessions), and SV 
(sessions after vehicle). Since this phase was meant  to 
investigate loss of  tolerance,  only rats showing bo th  a clear 
cut drug effect  (> 10% deviat ion f rom baseline median  IRT) 
and unequivocal  tolerance (f i f th  THC session median  IRT 
>90% baseline) were included.  To recapi tula te  the pro- 

cedure,  Group R then  rested in h o m e  cages for  7 days, 
while Groups  S and SV were run in daily DRL sessions. 
Rats in Group SV received a vehicle garage, 3 hr pr ior  to 
these sessions. On day 8 all rats received a DRL session 3 hr 
after a 4 mg/kg dose of  THC. 

Table 3 shows pe r fo rmance  measures for the rats in their  
f if th THC session, after tolerance had developed,  and their  
sixth THC session, 1 week later. It is clear that  only the 
rats o f  Group R, who did no t  pe r fo rm the DRL task during 
this week, were still fully tolerant  in the sixth session. Both  
of  the o the r  groups,  who had undergone  behavioral  test ing 
during the  intervening week, showed significant drug effects  
during the sixth THC session. Groups  S and SV did not  
differ f rom each other ,  so vehicle adminis t ra t ion  probably  
did not con t r ibu te  to loss of tolerance to any ex ten t .  

DISCUSSION 

In agreement  with earlier f indings by Bueno and Carlini 
[3] ,  Carder and Olson [5 ] ,  and Manning [11 ,12] ,  the 
present  exper iments  show that  mere exposure  to THC, in 
this case at a dose as large as 16 mg/kg for 12 days, in the 
absence of  behavioral test ing while drugged, is not  suffi- 
cient to p roduce  tolerance to a behavioral effect  of  THC 
(i.e. reduce the size of  the effect  relative to that  in drug 
naive rats). The fact that  bo th  groups regained baseline 
pe r fo rmance  levels within 5 days when per forming  the DRL 
task while in the drug state suggests that  the 12 day 
p re t r ea tmen t  was not  an unreasonably  short  p re t r ea tmen t  
period.  The fact that  the pe r fo rmances  of  Groups  V-V and 
16-V were unaf fec ted  by 12 days '  wi thou t  testing is 
evidence that  the poor  pe r fo rmances  of all the o ther  groups 
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T A B L E  3 

PERFORMANCES OF TOLERANT RATS BEFORE AND AFTER A ONE WEEK DRUG-FREE PERIOD 

Rat # 

Fifth THC Session Sixth THC Session 
Med Med 
IRT Resp. Rein/Res IRT Resp. Rein/Resp 

1 22.7 173 0.24 20.3 188 0.22 
3 32.9 93 0.54 20.4 171 0.20 
4 36.0 82 0.61 29.8 110 0.46 
6 46.8 58 0.86 39.8 56 0.89 
7 37.3 78 0.64 28.9 110 0.45 

X S _+ S.E.M. 35.1 _+ 4.4 97 _+ 22 0.58 + 0.11 27.8 +_ 4.0* 127 -+ 26t 0.44 _+ 0.147 
9 21.1 184 0.07 18.8 218 0.06 

10 33.6 74 0.68 32.7 81 0.62 
13 34.0 76 0.66 32.9 79 0.63 
14 34.8 71 0.70 25.6 100 0.50 
15 33.1 81 0.62 27.6 154 0.27 

XSV _+ S.E.M. 31.3 _+ 2.9 97 _+ 24 0.55 _+ 0.14 27.5 _+ 2.9t 126 _+ 30t 0.42 _+ 0.12:~ 
17 35.9 65 0.77 40.6 66 0.76 
20 22.8 127 0.13 23.7 132 0.20 
21 34.3 70 0.72 25.1 119 0.34 
22 23.8 136 0.32 23.3 131 0.33 
23 33.5 71 0.70 33.9 80 0.64 

X R -+ S.E.M. 30.1 + 3.1 94 _+ 17 0.52 _+ 0.26 29.3 _+ 3.8 106 +_ 15 0.48 _+ 0.23 

*Differs from fifth THC 
tDiffers from fifth THC 
SDiffers from fifth THC 

session with p<0.01 (t-test for 
session with p<0.05 (t-test for 
session with p<0.01 (t-test for 

paired obs.) 
paired obs.) 
paired obs.) 

in THC Session 1 was due to THC and not  merely  the result 
of 12 days wi thou t  testing. 

While the  present  results by no means  rule out the 
opera t ion  of purely pharmacological  mechanisms  of  toler-  
ance, they  do make it clear tha t  pe r fo rmance  in the drug 
state is a far more  rapid means  of  developing to lerance to 
the effect  of  THC on spaced responding  than is mere 
exposure  to THC. Ferraro  [8] ,  Sode tz  [18 ] ,  and Manning 
[11,12] have previously po in ted  out  the advantages of  
viewing at least certain instances of  to lerance as learned 
ad jus tments  to a THC-caused increase in error rate. This 
view also provides a plausible exp lana t ion  of why  some 
THC effects  do not  seem to show tolerance they  are not  
de t r imenta l  to the subject .  The present  results are certainly 
compat ib le  wi th  this assessment .  They might  also be 
descr ibed in te rms  of  s t a t e -dependen t  learning [ 15] ,  t hough  
it is not  clear that  this exp lana t ion  differs material ly f rom 
the learned ad jus tmen t  view. The Phase II results  of the 
present  expe r imen t  also favor one or b o t h  of  these theories  
over more  t radi t ional  mechanisms ,  since they  indicate  that  
just  as to lerance deve lopmen t  may depend  more  upon  
pract icing in the drug state than  upon  drug exposure  per  se, 
loss of to lerance  may be more  af fec ted  by what  the animal 

does during abs t inence  than  by mere abs t inence  itself. 
Al though the present  findings,  and the learned adjust- 

men t  v iewpoint  in general, might  be compat ib le  with a 
homeos ta t i c  and r edundancy  theory  of to lerance like that  
p roposed  by Martin [13] ,  it is clear that  the present  
f indings add to  a growing list of  expe r imen t s  suggesting that  
the t radi t ional  explana t ions  of  to lerance in te rms of  drug 
d is t r ibut ion  and metabol i sm or receptor  sensitivity are not  
entirely adequate  in the case of THC. Studies with 
a m p h e t a m i n e  [16] alcohol  [6] mescaline [2 ] ,  chlordiaze-  
poxide  [7] ,  and morph ine  [ 1, 9, 1 7] suggest that  this may 
be true with many o ther  drugs as well. It seems likely that  
only an in tegrat ion of  pharmacological  data with an 
assessment  of  the envi ronmenta l  variables suppor t ing  behav- 
ior will pe rmi t  comple t e  specif icat ion of  a drug's  behavioral  
effects.  
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