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TILSON, H. A. AND R. H. RECH. Prior drug experience and effects of  amphetamine on schedule controlled behavior. 
PHARMAC. BIOCHEM. BEHAV. 1(1) 129-132,  1973.-Food deprived rats were trained to lever press for food pellets on 
a fixed ratio 40 schedule of reinforcement. Following 18 days of training, rats received d-amphetamine IP (1.0 mg/kg) 
as a drug control. Three days later, half of the animals were given d-amphetamine and half were given NaCI for six days. 
Tolerance to the disruptive effects of d-amphetamine on FR responding was not noted in the drugged group. Both groups 
received 14 more daily sessions with NaC1 followed by 12 additional days of drug. Rats with previous drug experience 
exhibited tolerance in 6 days, while the other group required 12 days. In a second study, rats were trained to respond on 
an unsignalled continuous avoidance schedule for 8--10 weeks. Two groups of rats were given 7 daily drug sessions in which 
d-amphetamine (1.0 mg/kg) was administered IP. Each drug session was followed by 2 daily NaC1 control sessions. In the 
first 3 drug sessions of one group, d-amphetamine was injected IP 30 min after the end of the session. All other injections 
were given immediately before placement into the operant chamber. During the first session in which the drug was injected 
before placement into the chamber, response increases were significantly higher in rats with drug experience outside the 
behavioral situation than in drug naive subjects. These studies emphasize the importance of prior drug exposure when 
investigating behavioral effects of drugs. 

Prior exposure to effects of drugs 
Drug-environment interactions 

Schedule controlled behavior 

THE F R E Q U E N C Y  of drug a d m i n i s t r a t i o n  is an i m p o r t a n t  
variable in the  behaviora l  ef fects  p roduced  by  a given drug 
dose. Fo r  example ,  in rats r esponding  on  a food  re inforced ,  
fixed rat io  (FR)  schedule  of  r e in fo rcemen t ,  repea ted  daily 
admin i s t r a t i on  of  d - a m p h e t a m i n e  results  in to le rance  to  the  
disrupt ive  effects  of  the  drug [1, 2, 6 ] .  Increases in 
c o n t i n u o u s  avoidance  re spond ing  by  CNS s t imulan t s  are 
r epor t ed ly  less in ra ts  having l i t t le  or no  exper ience  wi th  
drug admin i s t r a t i on  t han  in the  same rats  af ter  three  or four  
in jec t ions  of  the  same drug [ 4 ] .  

In the  present  c o m m u n i c a t i o n ,  we repor t  o n  the  
inf luence  of  the  expe r i m en t a l  h i s to ry  of  the  subject  and the  
s u b s e q u e n t  deve lopm en t  of  to le rance  to the  behaviora l  
effects  of  d - a m p h e t a m i n e ,  as well as t he  e n h a n c e m e n t  of 
c o n t i n u o u s  avoidance  responding  in rats. 

METHOD 

Animals. Sprague-Dawley rats (Spa r t an  Research  Ani-  
mals, Haslet t ,  Mich.)  weighing 125--175 g at t he  beg inn ing  
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of  the  expe r imen t s  were used. The  rats  were housed  in 
groups  of  2 - 4  in  a i r -condi t ioned ,  t e m p e r a t u r e  con t ro l l ed  
quar te rs  ( a p p r o x i m a t e l y  72 ° F),  wh ich  were m a i n t a i n e d  on  
a day-night  r h y t h m  (6 :30  a.m. to  6 : 3 0  p.m.).  

Apparatus and procedure - FR responding. In the  first 
expe r imen t ,  8 male  rats  were used to  invest igate  the  effects  
of  exper ience  wi th  the  drug and the  behaviora l  e n v i r o n m e n t  
on  the  deve lopmen t  of  to le rance  to  d - a m p h e t a m i n e .  The  
animals  were depr ived of  food  and ma in t a ined  on  a 
depr iva t ion  schedule  at 7 0 - 7 5 %  of the i r  free feeding b o d y  
weight  for  the  du ra t i on  of  the  exper imen t .  Each animal  was 
t ra ined  to press a lever for  food  r e i n f o r c e m e n t  in an 
ope ran t  c h a m b e r  (BRS-For inger  Elec t ronics  Co., Model  
RC-002)  con t a ined  wi th in  a vent i la ted ,  sound  and  light 
a t t e n u a t e d  ou t e r  chamber .  Af ter  8--10 days  of  t ra ining,  all 
rats were responding  on  a F R 4 0  schedule  of  r e i n f o r c e m e n t  
dur ing  40 min  behaviora l  sessions. Ten  consecut ive  daily 
sessions fo l lowed and in the  last 5 sessions, IP in jec t ions  of  
i so tonic  saline (NaCl con t ro l s ;  1.0 ml /kg)  were given 
immedia t e ly  before  p lacement  of the  an imal  in to  the  
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ope ran t  chamber .  On the  nex t  day,  1.0 mg/kg  of  d - amphe t -  
amine  sulfate  (K and  K Labs, Plainview, New York)  
dissolved in SaC1 was in jec ted  in o rde r  to  d e t e r m i n e  the  
disrupt ive  effect  of the  drug on  FR responding.  Fo l lowing  
two addi t iona l  daily NaCI con t ro l  sessions, the  rats were 
r andomly  divided in to  2 equal  groups.  Rats  in G r o u p  A 
were given 6 consecut ive  daily in jec t ions  of d - a m p h e t a m i n e  
( 1.0 mg/kg)  and those  in G r o u p  B received SAC1. The  effect  
of  d - a m p h e t a m i n e  on  FR respond ing  was d e t e r m i n e d  by 
dividing the  n u m b e r  of  re inforcers  ob t a ined  dur ing  the  drug 
sessions by  the  mean  n u m b e r  of re in forcers  received dur ing  
the  preceding  5 NaCI con t ro l  sessions (% of  con t ro l  
re inforcers)  [ b ]. 

In the  second po r t i on  of  this  s tudy ,  all an imals  were 
given 14 addi t iona l  daily sessions. The  last 5 sessions were 
SaC1 con t ro l s  and the  mean  n u m b e r  of re inforcers  received 
served as con t ro l  values (100%) for  this  part  of  the  
invest igat ion.  In the  next  12 daily sessions, b o t h  g roups  of  
rats received d - a m p h e t a m i n e  (1.0 mg/kg)  to test  for  the  ra te  
of to le rance  d e v e l o p m e n t  (i.e., r e spond ing  wi th in  5% of  
each an imal ' s  mean  con t ro l  responding) .  

A 1,oidance responding. Eight female  rats  were t ra ined  to 
lever press on  an unsignal led c o n t i n u o u s  avoidance  sched-  
ule. A u t o m a t e d  p r o g r a m m i n g  e q u i p m e n t  con t ro l l ed  the  
p r e s en t a t i on  of  shock every 5 sec ( a p p r o x i m a t e l y  2mA and 
0.2 sec du ra t ion ;  Lehigh Valley shocker - sc rambler ;  Model  
1531). Onse t  of  shock was delayed by  30 sec fo l lowing a 
response  on  the  des ignated  lever. The  length of  the  sessions 
was 60 rain. Each animal  received 8--10 weeks of  t ra in ing  
and basel ine exper ience  before  the  s tudy  began, and  
sessions were usually run  seven days per  week.  Fol lowing  5 
days of  SaC1 con t ro l  sessions (1 ml /kg,  admin i s t e red  IP 
immed ia t e ly  before  p l acemen t  in to  the  ope r an t  chamber ) ,  
the  rats were divided in to  two  groups.  Subsequen t ly ,  rats in 
b o t h  groups  received lP in jec t ions  of  d - a m p h e t a m i n e  (1.0  
mg/kg)  on three  separa te  drug sessions. Rats  in G r o u p  C 
(N=3)  were in jected wi th  the  drug 30 rain af te r  the  end of 
these sessions, while  those  in G r o u p  D (N--5) were in jected 
immedia t e ly  before  p l acemen t  in to  the  ope r an t  chamber .  
These  3 drug sessions were fol lowed by four  add i t iona l  
sessions in which  d - a m p h e t a m i n e  (1.0 mg/kg)  was in jected 
1P before  placing rats of  b o t h  g roups  in to  the  chamber .  All 
drug sessions were separa ted  by two  daily SaC1 con t ro l s  (72 
hr). The  n u m b e r  of  responses  emi t t ed  by each rat dur ing 
drug sessions was expressed as a pe rcen t  r e spond ing  of  the  
SaC1 con t ro l  session on  the  preceding  day. 

In b o t h  expe r imen t s ,  s tat ist ical  d i f ferences  be tween  
group means  were ana lyzed  by a /-test ,  and d i f ferences  
be tween  mean  values ob t a ined  f rom the  same g roup  of  rats 
were ana lyzed  by a m a t ched  pair t-test.  The  accepted  level 
of  s ignif icance was set at p < 0 . 0 5 .  

R E S U L T S  

Fixed ratio responding. Fol lowing 13 days  of  t ra ining,  
the r e spond ing  of  the  rats on  the  FR schedule  of 
r e i n f o r c e m e n t  was charac ter i s t ic  of  tha t  descr ibed else- 
where  [3 ] .  The  n u m b e r  of  re inforcers  delivered in the  next  
5 daily sessions (NaCI cont ro l s )  was not  more  than  10% 
of the  mean  NaCI con t ro l  value of  each animal.  The  average 
n u m b e r  of  re inforcers  received by the  rats in G r o u p  A 
dur ing  the  SaC1 con t ro l s  was 98.1~: 7.9, (mean.+-I S.D.) 
while rats in G r o u p  B averaged 108.3_+8.1 re inforcers  per  
session. The  IP in jec t ion  of  1.0 mg/kg of  d - a m p h e t a m i n e  
p roduced  decreases in r e spond ing  which  were 40  and 45% 

of con t ro l  for  Groups  A and B, respect ively (Fig. la).  These  
values were s ignif icant ly  lower than  the  average NaCI 
con t ro l  r e spond ing  of  the  respect ive groups,  hut  were not 
s ignif icant ly  d i f fe ren t  f rom each other .  Seven ty- two  hr 
later, d - a m p h e t a m i n e  (1.0 mg/kg)  produced  a decrease in 
the responding  of  G r o u p  A (50% of c o n t r o l ) a n d  fol lowing 
5 successive drug sessions, r e spond ing  was 48% of control .  
Rats  in G r o u p  B received six NaCI in jec t ions  dur ing this  
par t  of  the  e x p e r i m e n t  and responded  near 100% of 
cont ro l .  The  mean  percen t  of  r esponding  for G r o u p  A 
(drug) ,  relat ive to its con t ro l ,  was s ignif icant ly  lower than  
the co r re spond ing  values of G r o u p  B (NaCI) on each of  the  
six days. 
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FIG. 1. The effect of drug experience on the development of 
tolerance to the disruptive effects of 1.0 mg/kg of d-amphehlmine 
on I'R 40 responding. The data are mean percent of NaCI control 
responding ± 1 S. D. of 4 rats in each group. The number of 
reinforcers delivered in 40 mm during drug sessions was divided by 
the mean number of reinforcers delivered during 5 NaCI controls 
preceding each of the two portions of the experiment (Figs. la and 
lb). Mean SaC1 control values (1005/,) for the first half of the 
experiment were 98.1 and 108.3 for rats in Groups A and B, 
respectively d:ig. la). Corresponding NaCI control means for the 
same two groups of rats during the second portion of the study (Fig. 
lb) were 122.6 and 136.5 reinforcers per sessions, respectively. 
After 18 days of training and baseline I"R 40 responding, 1.0 mg/kg 
of d-amphetandne disrupted behavior of both groups to about 405?, 
of control (Fig. la). Seventy-two hours later, rats in Group A 
(circles) received d-amphetamine (1.0 mg/kg) for six consecutive 
daily sessions. Rats in Group B (squares) were likewise given NaCI. 
Vourteen days of baseline responding {including 5 NaCI controls) 
followed and, as seen in Fig. lb, 1.(7 mg/kg of d-amphetamine was 
given for 12 consecutive days to rats of both groups, t:illed 
squares denote statistical differences between the mean of Group 
B and tire corresponding mean of Group A (1;<0.05, t-test). 
Unfilled squares denote the lack of a statistical difference 

between corresponding means. 

The  basel ine responding  of  rats in e i ther  G r o u p  A or B 
t ended  to increase dur ing tile next  9 sessions of no 
inject ions,  but  responding  in the  fol lowing 5 NaCI con t ro l  
sessions indica ted  tha t  the baseline had stabil ized.  Rats ill 
G r o u p  A received an average of  122.6_+9.9 re inforcers  per  
session while rats in G r o u p  B received 136.5+_13.1 rein- 
forcers per  session. On the  day fol lowing the  last NaCI 
cont ro l ,  d - a m p h e t a n l i n e  (1.0 mg/kg)  p roduced  decreases in 
the  responding  of  G r o u p  A (507{~ of  con t ro l )  and G r o u p  B 
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(46% of control), which were significantly lower than the 
mean NaCI control responding of each group (Fig. lb). In 
spite of the increases in baseline responding from original 
control levels (approximately 25%), drug-induced dis- 
ruption of FR 40 responding was about the same as that 
obtained during the initial exposure to d-amphetamine 
(40--50% of control responding). After three successive 
days of d-amphetamine injections, the responding of the 
rats in Group A (85.5% of control) was significantly higher 
than that of Group B (50% of control). The differences in 
responding between the two groups remained significant 
until the eleventh day. Rats in Group A reached the 
criterion of tolerance (95% of NaC1 control) by the sixth 
day, while the rats in Group B did not become tolerant 
until the twelfth day of injections. 

Avoidance responding. Responding on the unsignalled 
avoidance schedule was stable after 8--10 weeks of perfor- 
mance. Daily variation in the number of lever presses was 
not more than 7--8% during the NaCI control sessions 
preceding each drug session. The average number of 
responses during the NaC1 control sessions was 385_+81 
(mean +_ 1 S.D.) and 409+_93 responses per 60 min session 
for rats in Groups C and D, respectively. Responding by 
rats in Group C during drug sessions one, two and three 
(drug 30 min after termination of the session) was similar 
to NaC1 control performances on the preceding day. When 
d-amphetamine (1.0 mg/kg) was given to rats in Group C 
immediately before the session for the first time (fourth 
drug session), responding during this and all subsequent 
drug sessions was significantly greater than the sessions 
when the drug was given 30 rain afterwards (Sessions 1--3). 
The injection of d-amphetamine (1.0 mg/kg) to animals in 
Group D immediately before placement into the operant 
chamber (Session No. 1) produced a slight increase in 
responding (112% of control; Table 1). However, this value 
was not significantly different that the mean value of the 
animals injected with d-amphetamine 30 rain after the 
session (Group C, 105.9% of control). Subsequent adminis- 
tration of d-amphetamine produced increases in the re- 
sponding of Group D which were significantly higher than 
the mean value of the initial drug response for this group. 
The initial response increase seen in rats of Group C 
following administration of d-amphetamine before place- 
ment into the operant chamber (Session No. 4, 177.1% of 
control) was significantly greater than the corresponding 
drug effect observed in Group D (Session No. 1; 112% of 
control). 

DISCUSSION 

These experiments emphasize the importance of the 
animal's past history when investigating the behavioral 
effects of drugs. The development of tolerance to the 
disruptive effects of d-amphetamine on FR responding has 
been reported to occur in 4--12 days using doses of 1.0--3.0 
mg/kg [1, 2, 6]. In this study, rats receiving 18 days of 
baseline experience did not develop tolerance to the 
disruptive effects of 1.0 mg/kg of d-amphetamine during an 
initial course of 6 daily injections. After 14 additional days 
of baseline responding, these same animals showed toler- 
ance to the effects of a second course of d-amphetamine 
within six days. The importance of experience with the 
schedule of reinforcement is also suggested by these studies. 
Animals receiving approximately one month of baseline 
performance, but only one drug injection, showed tolerance 
to the disruptive effects of d-amphetamine in the initial 

TABLE 1 

THE EFFECTS OF DRUG EXPERIENCE ON THE INITIAL 
INTERACTION BETWEEN d-AMPHETAMINE AND AVOIDANCE 

RESPONDING IN THE RAT 

Mean Percent of Control Responding* ± S.D. 

Drug Session No.]- Group C (N = 3) Group D (N = 5) 

Drug 30 min after Drug 30 min before 
1 105.9 +_ 8.0 112.2 _+ 6.3 

2 103.9 +- 5.9 193.8 -+ 29.35 

3 98.2 +- 9.0 207.0 +_ 72.9 

Drug 30 rain before Drug 30 min before 
4 177.l +- 35.65 194.5 +- 45.9 

5 172.5 +- 21.7 182.2 +- 50.4 

6 160.7 ± 17.6 191.0 ± 26.1 

7 164.8 ± 21.2 178.7 ± 55.8 

*Responding during drug sessions was calculated as a percent of 
the NaC1 control session on the preceding day. Data reported are the 
mean of three and five animals for Groups C and D, respectively. 

±Rats in Group C received 1.0 mg/kg of d-amphetamine IP 30 
min after the end of sessions one through three. In all other sessions 
and animals d-amphetamine was injected immediately before place- 
ment of the rat into the operant chamber. All drug sessions were 
separated by 72 hr (2 NaCI control sessions intervening). 

SAIl subsequent means are statistically different than mean 
responding during Drug Session No. 1 of the same group (matched 
pair t-test). 

course of repeated injections. However, twelve consecutive 
days of drug injections were required to produce the 
criterion of tolerance in this latter group as compared to six 
days for the group having early drug experience. 

In the continuous avoidance experiment, administration 
of 1.0 mg/kg of d-amphetamine to drug naive rats produced 
significant increases in responding in all sessions except the 
first. This data is in accord with those of Rech and Stolk 
[4] who reported gradual increases in avoidance responding 
by several CNS stimulants over a period of months. In the 
present study, it was evident that experience with the 
effects of the drug, even outside the behavioral situation, 
was capable of affecting the initial response to d-amphet- 
amine. The initial increases in avoidance responding in- 
duced by d-amphetamine in rats having received prior drug 
treatments were near maximal. One possible explanation 
for this effect is that the 3 exposures to d-amphetamine 
before the drug and box pairing allowed for habituation of 
adaptation to disruptive novelty effects of the drug. 

The results of these studies have obvious implications for 
the design of and subsequent interpretation of results from 
experiments on the behavioral effects of drugs. For 
example, if an unknown drug were substituted for d-am- 
phetamine in this study, the results from the first part of 
the FR experiment might suggest that tolerance does not 
develop to the behavioral effects of the drug. Since there 
was a considerable length of time required for tolerance to 
develop in the drug naive animals in the latter part of the 
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same s tudy,  these  data  could have been  t a k e n  as an 
ind ica t ion  of  a me tabo l i c  factor ,  act ing to p ro long  the  
du ra t i on  of  the  drug effect.  F u r t h e r m o r e ,  the  small, 
nons ign i f i can t  effect  on  c o n t i n u o u s  avo idance  r e spond ing  
wi th  the  init ial  in jec t ion  might  have suggested t ha t  this  dose 
of  the  drug had li t t le or no effect  on  this  basel ine  of 

behavior .  The  past h i s to ry  of  the  organism is a we l l -known 
variable  in the  analysis  of  behav io r  [5] and  invest igators  
should  s t ipula te  in the i r  r epor t s  any  d i f ferences  be tween  
drug naive and drug soph is t i ca ted  animals  when  a t t e m p t i n g  
to sys temat ica l ly  r eNica te  drug effects  wi th  a par t icu lar  
g roup  of  animals.  
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