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CAM PBEL L. J. C. AND L. S. SELDEN. Performance influence on the development of tolerance to amphetamine. PH ARMAC. 
B1OCHEM. BEHAV. 1(6) 703 708, 1973. -This experiment was performed to determine whether performance of a 
behavior in the drug state was necessary for behavioral tolerance to the effects of that drug to occur. Eight rats trained on a 
DRL 17.5-sec schedule received daily injections of 1.5 mg/kg d-amphetamine sulfate; four received amphetamine 30 min 
presession, and four received amphetamine 30 rain postsession. Amphetamine given presession initially resulted in a 
disruption of timing behavior, an increase in response rate, an increase in short IRTs and a decrease in the number of 
reinforcements received. With continued administration of presession amphetamine the rats developed a partial tolerance 
to these disruptive effects. Postsession amphetamine had no effect on performance. When tolerance developed in rats 
receiving presession amphetamine, they were switched to postsession amphetamine; rats receiving postsession amphetamine 
were switched to presession amphetamine. Amphetamine produced the same disruption of performance in the rats 
switched to presession amphetamine as was observed in the initial pressession amphetamine group, indicating that tolerance 
did not develop to amphetamine given postsession. In addition changes in the pattern of responding were observed when 
amphetamine was initially administered presession. 

D-amphetamine DRL schedule Amphetamine tolerance Chronic drug administration 

C~.RLTON and Wolgin [ 1 ] found  t ha t  the  d e v e l o p m e n t  of  
rats '  to le rance  to the anorex ic  effects  of  a m p h e t a m i n e  was 
c o n t i n g e n t  on the  re la t ionship  be tween  the  t ime  of  amphe-  
t amine  admin i s t r a t i on  and the  t ime  of  food p resen ta t ion .  
One of  two groups  of  rats  received daily p re feed ing  in jec t ions  
of d - a m p h e t a m i n e  (2.0  or 3 .0  mg/kg,  i n t r ape r i tonea l ly ) ,  and 
the  o t h e r  g roup  received pos t feed ing  in jec t ions  of  amphe-  
tamine .  The group  receiving the  p re feed ing  in jec t ions  of  
a m p h e t a m i n e  showed  an init ial  decrease  in milk c o n s u m p -  
t ion  fol lowed by an increase tha t  reached  a level o f  in take  
equal  to or  grea ter  than  tha t  ob t a ined  dur ing  a p redrug  
con t ro l  per iod.  The  rats tha t  received pos t feed ing  in jec t ions  
of a m p h e t a m i n e ,  on the o t h e r  hand ,  showed  no change  in 
m i l k  c o n s u m p t i o n .  When the  p re feed ing  drug g roup  
developed to le rance  to the  effects  of  a m p h e t a m i n e ,  the  
groups  were swi tched  so tha t  this g roup  now received post-  
feeding inject ions ,  and the  group  tha t  ini t ial ly received 
post  feeding in jec t ions  of  a m p h e t a m i n e  now received 
pre feed ing  in jec t ions .  The group  of  rats t ha t  was swi tched  
f rom pos t feed ing  to p re feed ing  in jec t ions  of a m p h e t a m i n e  
exh ib i t ed  no  initial  to le rance  a l t hough  they  had received 
the  same a m o u n t  of  a m p h e t a m i n e  as the  original  p re feed ing  
a m p h e t a m i n e  g roup  tha t  showed  to lerance .  

S idman  [7] and Segal [51 have shown  tha t  acute  
a d m i n i s t r a t i o n  of  a m p h e t a m i n e  to rats r e spond ing  on 
a d i f fe ren t i a l - re in forcement -o f - low-ra te  ( D R L )  schedule  
increases the rate of  responding ,  and shif ts  longer  inter-  
response  t imes ( IRTs)  towards  sho r t e r  IRTs and,  the re fo re  
decreases  the  n u m b e r  of  r e i n fo r cemen t s  received.  Schus te r  
and  Z i m m e r m a n  [4] found  part ial  to le rance  developed to 
the  effects  of  ch ron ic  d l - a m p h e t a m i n e  (1.0 mg/kg,  intra-  
pe r i tonea l ly )  admin i s t r a t i on  in rats r e spond ing  on a DRL 
1 7 . 5 - s e c  schedule .  Upon  init ial  admin i s t r a t i on ,  the  effects  
of  a m p h e t a m i n e  were similar to those  descr ibed by  S idman  
[7] and Segal [ 5 ] ,  bu t  wi th  c o n t i n u e d  daily a m p h e t a m i n e  
admin i s t r a t i on  the  d is rupt ive  effects  were d iminished .  

The  present  s tudy  was u n d e r t a k e n  to d e t e r m i n e  if the  
results  ob t a ined  by  Car l ton  and Wolgin [1] in a food  
c o n s u m p t i o n  test  could be general ized to the  ope ran t  si tu-  
a t ion  in which  an imals  emi t  a cond i t i oned  response.  
Specifically,  this  e x p e r i m e n t  was designed to answer  the  
ques t ion :  Would rats pe r fo rming  on  a DRL schedule  of  
r e i n f o r c e m e n t  develop to le rance  to the  disrupt ive  effects  of  
a m p h e t a m i n e  if the  animals  chronica l ly  received an a m o u n t  
of  the drug fo l lowing behaviora l  sessions or is presession 
a d m i n s t r a t i o n  of  a m p h e t a m i n e  necessary for the  develop-  
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m e n t  of to lerance?  It was found  tha t  the  rats given 
presession in jec t ions  of  a m p h e t a m i n e  init ial ly showed a 
d i s rup t ion  in DRL pe r fo rmance  and gradual ly  developed a 
partial  to le rance  to the effects  of  the  a m p h e t a m i n e .  Rats 
receiving postsession in ject ions  showed  no d e v e l o p m e n t  of  
to lerance  when  a m p h e t a m i n e  was given presession.  Tha t  is, 
the changes in pa t t e rn  of  r e spond ing  when  a m p h e t a m i n e  
was admin i s te red  presession were similar to the initial 
a m p h e t a m i n e  induced  changes.  

METIIOI) 

Animals  

The expe r imen ta l  animals  used were eight Sprague- 
Dawley rats, B0 days of  age at the beg inning  of  the  
e x p e r i m e n t  and weighed be t w een  220 and 240 g. The rats 
were housed  two to a cage, were wate r  depr ived for 23 hr  

before  each session and had free access to Rock land  
Labora to ry  Chow.  Fol lowing each t ra in ing session water  
was available for  a f ive-minute  period.  During chronic  
admin i s t r a t i on  of  d - a m p h e t a m i n e  sweetened  evapora ted  
milk (evapora ted  mi lk : sugar :wa te r :  1 :1 :2 )  was subs t i t u t ed  
for postess ion water  in order  to ma in ta in  the animals" 
body  weights. 

Apparatus 

Four  l .ehigh Valley double- lever  ope ran t  chamber s  
(Model 131(0 enclosed in s o u n d p r o o f  chambers  (Model  
1316c)  were used. For  this e x p e r i m e n t  the  right lever was 
removed  f rom the c h a m b e r  and the  open ing  taped over 
f rom the outside.  Each con ta ined  a housel ight  tha t  il lumi- 
na ted  the chamber .  The p rog ramming  of  this expe r imen t  
was accompl i shed  with Massey Dickinson solid s ta te  
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I:i(;. l. Overall rates for four animals, A: Animals 1 e - e  and 7 , which initially 
received 1.5 mg/kg d-amphetamine sulfate presession; B: Animals 5 o--e and 6 
which initially received 1.5 mg/kg d-amphetamine sulfate postsession. Each point is 
the average of the overall rate for three sessions, except for the last point which is 
the average rate for the last two sessions. C denotes the average rate for three 
predrug sessions immediately prior to drug administration, each number denotes 
lhe first session of the three averaged sessions. Animals 5 and 6 were switched to 
presession amphetamine on the 27th session, and Animals I and 7 were switched to 

postsession amphetamine on the 28th session. 
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modules.  Re inforcement  consisted of  presentat ion of  0.01 
cc of  water  to the animal.  Data was col lected and 
analyzed by a computa t iona l  system described by Seiden et 
at. [61. 

S,:'hedule o f  Reinforcement 

The DRL schedule is one in which a response is 
reinforced only if the t ime since the preceding response is 
equal to or greater than a specified value. Responses occur-  
ring before  the end of  the specified interval do not produce  
re inforcement  but start the t iming of  the next  interval [2] .  
Typical ly,  interresponse t ime ( IRT)  distr ibut ions generated 
by the DRL schedule are bimodal ,  showing both  very rapid 
responding and a narrow dis t r ibut ion of IRTs around the 
ir~terval value specified by the schudule (reinforced IRTs). 
The overall rate of  responding under this schedule is both  
low and stable 121. 

Drugs and Administration 

D-amphetamine  sulfate was obtained from the Smith,  
Klein and French Co. It was dissolved in 0.9% saline 0.001 
N HCI to a concent ra t ion  of  0.75 mg/cc  and injected intra- 
pcri toneal ly.  All doses of amphe tamine  are expressed in 
terms of  the salt. 

PROCEDU RE 

Rats were shaped to lever press and were initially run on 
a fixed ratio 1 (FR 1) schedule of  re inforcement  for two 
days. Beginning with the second day, session lengths were 
one hour long throughout  the exper iment .  A DRL 17.5-see 
schedule was inst i tuted on the third day and the animals 
were run until a stable baseline of  responding was observed 
(about one month) .  Responding was considered stable 
when a rat's response rate deviated by less than 10% from 
the mean of  the response rates of  the three previous 
sessions. The rats were then divided into two groups,  that  
had approximate ly  equal response rates, at the end of  the 
training period. The presession group received 1.5 mg/kg of  
d-amphetamine  sulfate 20 min presession and 2 cc/kg of  
acidified saline 20 min postsession. The second,  postsession 
group, received acidified saline inject ions 20 min presession 
and 1.5 mg/kg of  d -amphetamine  sulfate 20 min post- 
session. This drug regimen was cont inued daily until 
behavioral tolerance to amphe tamine  was exhibi ted by the 
animals receiving presession amphe tamine  injections.  After  
tolerance was exhibi ted,  the groups were switched.  That is. 
presession amphe tamine  animals now received amphe-  
tamine postsession, and postsession animals now received 
amphe tamine  presession. The animals were run under  this 
drug regimen for an addit ional  12 days. 

Data Analysis 

Initially, data were plot ted in a histogram fashion. Each 
IRT was sorted into a bin depending on the length of  that 
IR'F. Each bin was three seconds long and there were ten 
bins. Fur ther  compu te r  analysis was per formed to obtain a 
more detailed analysis of  the behaviroal changes. Each IRT 
was given an ordinal value depending on its posi t ion,  in the 
series of  IRTs relative to the preceding re inforcement .  For  
example,  the IRT direct ly fol lowing a re inforcement  would 
be given an ordinal value of  one. Ordinal values for the 
inter-response t imes in each bin were then plot ted as a 
histogram. A mean ordinal value for the IRTs in each bin 

was also computed .  

RESULTS 

Animals responding on a DRL 17.5-see shedule generally 
show a bimodal  dis t r ibut ion of  IRTs with one peak 
occurr ing at short IRTs ( 0 . 1 - 3 . 0  sec) and one peak 
including the long and /or  reinforced IRTs (15.1 . 18.0 sec). 
Representat ion of  the predrug control  performances  for 
four  of  the rats are shown in the upper  panels of  Figs. 2 and 
3. 

Rats injected with 1.5 mg/kg  of  amphe tamine  pressesion 
showed an increase in response rate (Fig. 1 ), an increase in 
the number  of  short IRTs and a shift in the mean IRT 
towards shorter  values. For  each rat the maximal  disruptive 
effect appeared on the third or four th  day of  drug adminis- 
tration. Over the course of  presession drug administrat ion,  
which lasted for 27 days, the IRT dis tr ibut ion gradually 
showed a partial return to the predrug control  patterns 
(Fig. 2). The performances  of  the rats given postsession 
injections of  amphe tamine  was similar in all respects to 
their  predrug control  per formance  (Fig. 3). 
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FIG. 2. IRT distribution fl~r two rats that initially received 
injections of 1.5 mg/kg d-amphetamine sulfate 20 min presession; 
each IRT interval is 3 sec long. A-control day: Bt-5th day of 
presession drug administration; B~--6th day of presession drug 
administration; C--tolerance day; D--postsession amphetamine 

administration. 
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FIG. 3. IRT distribution for two rats that initially received injection of 1.5 mg/kg 
d-amphetamine sulfate 20 rain postsession; each IRT interval is 3 sec long. A-control 
day;  B--postsession amphetamine administration; C-3rd day of presession 

amphetamine administration. 

When presession amphe tamine  rats were switched to 
postsession amphe tamine  administrat ion,  the IRT distri- 
but ions assumed the essential characteristics of the predrug 
control  days (Fig. 2). Postsession amphe tamine  rats 
switched to presession amphe tamine  injections exhibi ted 
the same initial drug effects as did presession amphe tamine  
rats on the first few days of  drug administrat ion (Fig. 3). 

Figure 4 shows the mean of  ordinal values for one 
presession and one postsession animal on a representative 
control  day and on several drug days. ] 'he upper  panel of  
Fig. 4 shows the mean ordinal values of  short IRTs for 
Animal 1, which initially received presession amphetamine .  
On the control  day prior to drug adminis t ra t ion,  the mean 
ordinal value is 1.4 which indicates that most short IRTs 
directly fol low a re inforcement .  When amphe tamine  is 
administered presession the mean ordinal value of  short 
IRTs is initially greatly increased, but  as tolerance develops 
the mean ordinal value returns to control  values as shown 
by the mean ordinal value on Day 27 (the last day of  
presession amphetamine  administrat ion).  The mean ordinal 
value on this day is 5 as compared to 25 on Day 5 (the day 
of  the largest drug effect for Animal 1). When the rat is 

switched from presession to postsession amphe tamine  the 
mean ordinal value returns to predrug control  values, as 
seen on Day 35 of  drug administrat ion.  

In the lower panel of  Fig. 4, the mean ordinal value of  
short IRTs are plot ted for one postsession amphe tamine  
animal (Animal 5). The mean ordinal value for predrug 
control  days is essentially the same as for Animal 1. The 
mean ordinal value of short IRTs when amphetamine  is 
administered postsession (Days 2, 5, 11 and 24) are not 
significantly different  from the predrug control  day, On the 
first day of  presession administrat ion of  amphe tamine  (Day 
28) the mean ordinal value of  short IRTs is increased, with 
the greatest value on the third day of  presession amphe- 
tamine administrat ion.  With cont inued administrat ion of  
presession amphetamine  the mean ordinal value begins to 
return to predrug control  values. 

The increase in the mean ordinal value of short IR-l's on 
clays when amphetamine  is administered indicates not only 
an increase in overall responding but also a change in the 
posit ion of  short 1RTs in relation to the previous reinforce- 
ment.  The increase in the standard error of  the mean along 
with the increase in these mean ordinal values indicates an 
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Control:l: 67.7 :, 3.3 39.0 ± 3.3 

Presession 24.5 +_ 2.7 a'b 34.4 _* 3.9 

Presession 40.5 _* 5.9 c'd'e 38.1 +- 4.6 
(Tolerance days) 

Postsession 72.5 +- 6.7 30.7 ± 3.3 

ANIMAL NUMBER 

5 6 

Control:l: 52.7 ± 7.0 56.3 ~. 5.0 

Postsession 53.0 ± 7.9 54.6 _+ 3.1 

Presession 4.9 .~- 1.0 a'b 12.2 -+ 1.6 a'b 
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I0 -  
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FIG. 4. Mean ordinal values of short IRTs (0.1-3.0 sec) for two 
anin'lals. A: Animal 1 (initially received presession injections of 
1.5 mg/kg d-amphetamine sulfate); C-control day, Day 5--day of 
maximum drug effect, Day 27--last day of presession drug injec- 
tions, Day 35-representative day of postsession amphetamine 
injection. B: animal 5 (initially received postsession injections of 
1.5 mg/kg d-amphetamine sulfate); (;-control day; Days 2, 5, I 1 
and 24-postsession amphetamine administration; Day 28-first 
presession drug day; Day 30---day of maximum drug effect. The bars 
represent the standard error of the mean. Those histograms without 

bars had standard errors too small to be depicted on the graph. 

increase in the  var iabi l i ty  of r e spond ing  and  a decrease  in 
the p red ic tab i l i ty  of  the  ordinal  pos i t ion  of  a shor t  IRT. 

Since the  shor t  IRTs are no t  no rma l ly  d i s t r ibu ted  the  
mean  ordinal  value is no t  a lways an accura te  r ep r e sen t a t i on  
of  the modal  value of  the shor t  IRTs. There fore ,  the  per- 
centage of  shor t  IRTs d i rec t ly  fo l lowing a r e i n f o r c e m e n t  
(ord ina l  value of  one )  was calcula ted for  four  rats (1, 5, 6 

*All values are expressed as % -* standard error of the mean. 
-Animals I and 7 initially received injections of 1.5 mg/kg 

d-amphetamine sulfate 20 min presession, and Animals 5 and 6 
initially received amphetamine injections 20 rain postsession. 

:l:No drug or vehicle injections 
aValue significantly different from the control value (p<0.001) 
bValue significantly different from the postsession value 

(p< 0.001 ) 
CValue significantly different from the control value (p<0.02) 
dValue significantly different from the presession value (p<0.05) 
eValue significantly different from the postsession value 

(p<0.01 ) 

and 7) on  predrug  con t ro l  days,  presession drug  days  and  
postsess ion drug days. Presession drug  days were divided 
in to  presession drug days and to le rance  days for the  two 
rats t ha t  were ini t ial ly given a m p h e t a m i n e  presession 
(Animals  1 and 7). The day on  which  these  rats deve loped  
to lerance  was d e t e r m i n e d  by examin ing  the  sh i f t  in 
re inforced  IRTs on the i r  daily h i s tograms  as in Fig. 2. It 
was found  for three  of  the  four  animals  examined  ( 1 , 5  and 
6) tha t  on  con t ro l  days or when  a m p h e t a m i n e  was admin-  
is tered postsess ion,  a r e i n f o r c e m e n t  was fol lowed by  a shor t  
IRT grea ter  than  fif ty percen t  of  the  t ime.  For  Animals  1 , 5  
and 6 the  percen tage  of  shor t  IRTs d i rec t ly  fol lowing a 
r e i n f o r c e m e n t  on postsession a m p h e t a m i n e  days  did no t  
d i f fer  s ignif icant ly  f rom the  pe rcen tage  found  on predrug  
con t ro l  days. When a m p h e t a m i n e  was given presession these 
three  rats showed  a decrease  in pe rcen tage  of  shor t  IRTs 
d i rec t ly  fol lowing a r e i n f o r c e m e n t  which  was s ignif icant ly  
d i f fe rent  f rom predrug  con t ro l  and  postsess ion amphe-  
t amine  values (p<0 .001  for all cases) (Table  1 ). The percen t  
change,  of  the  percen tage  of  shor t  IRTs wi th  an ordinal  
value of  one,  f rom predrug  con t ro l  days to presession 
a m p h e t a m i n e  admin i s t r a t i on  days for  Animals  I, 5 and 6 
were 63.2%, 90.6% and 78.6%, respect ively.  Differences  in 
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this  change may be due to individual  d i f ferences  to the 
effects  of  this dose of  a m p h e t a m i n e .  In add i t ion ,  the  per- 
centage of  shor t  IRTs di rect ly  fol lowing a r e in fo rcemen t  
for Animal  1 on the days dur ing  which  to le rance  developed 
was be tween  the con t ro l  and presession values and signi- 
f icant ly  d i f fe rent  f rom b o t h  ( p < 0 . 0 2  and p < 0 . 0 5 ,  respec- 
tively). Animal  7 ( ini t ial ly receiving presession amphe t -  
amine )  showed  no signif icant  changes in the  percentage  of  
shor t  IRTs di rect ly  fol lowing a r e in fo rcemen t ,  t h r o u g h o u t  
the s tudy.  

I)IS('USSION 

On a DRL scedule t iming  behav ior  is d i s rup ted  by 
admin i s t r a t i on  of a m p h e t a m i n e  as shown by the shift  in 
IRTs. With rats responding  on a concu r r en t  var iable- interval  
DRL schedule  (con VI-DRL),  Segal [5]  found  tha t  
a m p h e t a m i n e  affected the response rates on the two 
c o m p o n e n t s  of  the schedule  a b o u t  equally.  This result  was 
in te rp re ted  as showing  tha t  the  main  drug effect  was m o t o r  
exc i t a to ry  and  tha t  a m p h e t a m i n e  s imply  reduces  lhe 
f requency  of long IRTs. These f indings suppor t  the  inter-  
p re ta t ion  tha t  overt  behav io r  media tes  the t empora l  spacing 
of DRL responding  and the re fore  a m p h e t a m i n e  disrupts  
DRL respond ing  by s imply increasing the rate of  emiss ion 
of  all overt  behavior ,  t lowever ,  closer analysis of  the 
responses  of  each animal  showed  tha t  there  was also some 
change in the  pa t t e rn  of  r esponding  for some animals.  
Therefore ,  it is reasonable  to conc lude  thal  the  effects  of 
a m p h e t a m i n e  on DRL responding  may also, in part ,  be due 
to these changes in pa t t e rns  of  r esponding  as well as the 
increase in the  ra te  of  responding.  

S idman [8]  has repor ted  tha t  animals  emit  a high 
f r equency  of  shor t  IRTs when  r e i n f o r c e m e n t  is made  
c o n t i n g e n t  on a specific t ime delay be tween  responses.  He 
found that  these shor t  IRTs are most  f requen t  when  the 
animal  has wai ted a lmost  long enough  to p roduce  a 
r e in fo rcemen t ,  and the re fore ,  the p robabi l i ty  of a shor t  
IRT occurr ing  is very low direct ly  af te r  a r e in fo rcemen t .  
l towever ,  three  of the  four  rats examined  in this s tudy  
show a high percentage  of shor t  IRTs direct ly  fol lowing a 
long, bu t  not  re inforced IRT, was relatively low for these four  
animals.  The percentage  of shor t  IRTs fol lowing a long, 
non re in foced  IR ' I  (15.0-- 17.4 sec) for animals  1 , 5 . 6  and 7 
on predrug  con t ro l  days was 9.7%, 2.g~,~, 21.8% and 32'7~ 
respectively.  

The  schedule  in S idman ' s  e x p e r i m e n t  and this s tudy  

were not  exact ly  the  same due to the  presence of a second 
lever. Responses  on the second lever in the presence of  an 
aud i to ry  s t imulus  p roduced  r e i n f o r c e m e n t  and reset the  
interval  on the  first lever. Responses  in the absence  of the  
a t td i tory  s t imulus  had no effect ,  and as many  as 6 5 ~  of  the 
responses  on  this lever occurred  in the absence  of  the 
s t imulus .  These d i f ferences  may accoun t  for the discrep- 
ancy be tween  the data  ob ta ined  in S idman ' s  s tudy  and this 
expe r imen t .  

It has already been repor ted  that  rats" pe r fo rmances  on a 
DRL schedule  develop to le rance  to the effects  of amphe-  
tant ine  when  it is admin i s t e red  chronica l ly  before  each 
session [4 ] .  The results of this s tudy  co r robo ra t e  these 
findings. 

Schuster ,  Dockens  and Woods [31 admin i s te red  amphe-  
t amine  to rats r esponding  on  a f ree-operant  avoidance  
schedule  or a mul t ip le  f ixed-interval  30 sec DRI, 30-see 
schedule  of  positive r e in fo rcemen t .  Init ially,  rate increases 
occurred  on b o t h  c o m p o n e n t s  of  the mul t ip le  schedule  and 
unde r  the free--operant avoidance  schedule .  Tole rance  to the 
behaviora l  effects  of  a m p h e t a m i n e  developed only  on the 
DRL c o m p o n e n t  of  the mult iple  schedule .  It was therefore  
conc luded  that  to lerance  develops  only  when  the  ac t ion  of  
the drug disrupts  the an imal ' s  behav ior  such thal  it results 
in a decrease in the n u m b e r  of  r e in forcen len t s  received: 
when  lhe ac t ions  of the drug enhance  or do not  affect the 
an imal ' s  behav ior  in meet ing  r e in fo rcemen l  r equ i r emen l s  
to lerance  does nol  develop.  

The f inding that  the animals  in the present  s tudy  tha t  
received postsession a m p h e t a m i n e  exh ib i t ed  no  to lerance  to 
the drug by the t ime thai  presession in ject ion animals  
showed to lerance  indicates  that  the  deve lopmen t  of  
to lerance  was d e p e n d e n t  on the re la t ion be tween  the tinte 
of in jec t ion  and the l ime at which  the operant  task was 
pe r fo rmed .  These results suggest tha i  the  to lerance  that  
develops  c a n n o t  be a physiological  to lerance  unless it is in 
some way related to pe r fo rmance  under  a m p h e t a m i n e ,  as 
previously suggested [ 1 ]. 

There  are at least two variables i m p o r t a n t  in Ihe develop- 
ment  of  to lerance to a m p h e t a m i n e -  (1) Behavioral  variable,  
i.e.. to le rance  develops  mainly to the disrupt ive  effects  of  
a m p h e t a m i n e .  Tiffs implies tha t  if the aninta l ' s  pe r fo rmance  
is not  d is rupted  to lerance  will not  develop 13l .  (2) The 
re la t ion be tween  l ime of  drug in jec t ion and per fo rn tance  of 
the required task is impor t an t .  
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