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SPARBER, S. B., H. A. TILSON AND D. W. PETERSON. Environmental influences upon morphine or d-amphetamine 
induced suppression of operant behavior PHARMAC. BIOCHEM. BEHAV. 1(1) 133-136,  1973.-Rats  trained in an 
operant chamber to lever press for food on a FR-30 schedule of reinforcement were given 1.0 mg d-amphetamine sulfate 
(IP)/kg. Injection of the drug followed by immediate placement into the operant chamber resulted in a disruption of 
behavior, after a 10 min latency, which lasted for approximately 25 min. Removal of the animals from the chamber soon 
after the onset of behavioral disruption and replacement into the chamber as soon as 2.5 min later resulted in resumption 
of lever pressing almost immediately. Animals left in their home cages for 10 min after being injected with d-amphetamine 
and then placed in the operant chamber started to bar-press almost immediately, taking an average of 4 min to receive 5 
reinforcers (150 responses). A second group of rats, maintained on the same schedule of reinforcement, showed similar 
striking effects of delayed placement after injection with 10 mg morphine sulfate/kg. The 10 rain delay resulted in a 
significant reversal of the behavioral suppression observed at a comparable time after injection of morphine and immediate 
placement into the operant chamber. 
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IN A recent  r epor t  [ 5 ] ,  it was s h o w n  tha t  the  behaviora l  
d i s r u p t i v e  effects  of mescal ine and lysergic acid 
d ie thy lamide-25  (LSD) on  food  re inforced  fixed rat io  (FR)  
responding  may  be a t t e n u a t e d  by  a p rocedure  as s imple as 
removing  the  rat  f rom the  ope ran t  c h a m b e r  for  a few 
minu te s  or  man ipu la t ing  the  t ime  be t w een  the  in jec t ion  and 
init ial  p l acemen t  of  the  an imal  in to  the  ope ran t  chamber .  
The  purpose  of  this  inves t igat ion was to ex t end  the  
previous  obse rva t ion  to two  o the r  classes of  c o m p o u n d s .  
d - A m p h e t a m i n e  was chosen  for  s tudy  because it p roduces  
a u t o n o m i c  [3] and behaviora l  ef fects  (d i s rup t ion  of  F R  
behavior ;  [ 1 , 6 ] )  which  are similar to  LSD and mescaline.  
Morph ine  was chosen  to  d e t e r m i n e  if a similar effect  is 
observed wi th  a drug of a n o t h e r  class which  has a d i f fe rent  
behaviora l  effect ,  as ind ica ted  by the  shape of the  cumula-  
t ive record  being genera ted  by the  same schedule  of  
r e in fo rcemen t .  

METHOD 

Animals and Apparatus 

For  a m p h e t a m i n e  exper imen t s ,  four  male  a lbino rats  
(Sprague-Dawley)  used in a previous  e x p e r i m e n t  [ 5 ] ,  and 
for the  m o r p h i n e  s tudy  six naive male a lb ino  rats  
(Sprague-Dawley)  were expe r imen ta l  animals.  All were 
housed  individual ly  in a i r -condi t ioned  quar ters .  The  animals  
( 4 0 0 - 4 2 5  g) were food depr ived to 7 0 - 8 0 %  of  the i r  free 
feeding weight  and  m a i n t a i n e d  on  a 23 hr  schedule  of  food  
depr iva t ion .  The  animals  had  been  t ra ined  to press a lever 
for  food  pellets  (Noyes ,  45 mg) on  a f ixed rat io  (FR)  30 
schedule  of  r e i n f o r c e m e n t  and were r e spond ing  at stable 
rates upon  in i t i a t ion  of these  studies.  Expe r imen t s  were 
pe r fo rmed  in an ope ran t  c h a m b e r  (For inger ,  Rockville,  
Md.) con t a ined  wi th in  a sound  and light a t t e n u a t e d  ou t e r  
cubicle [5 ] .  Delivery of  food  pellets  and  recording of  lever 
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presses were pe r fo rmed  au toma t i ca l l y  by e l ec t romechan ica l  
p rog ramming  e q u i p m e n t .  

Pro(.'#dllrc 

Fol lowing th ree  days of baseline FR 30 responding  
dur ing 42 rain sessions, the  four  an imals  used in the  
a m p h e t a m i n e  s tudy  were in jected IP wi th  0.5 ml of 0.9% 
saline (NaCI) immedia t e ly  before  p l acemen t  in to  the  
operan t  c h a m b e r  (NaCI cont ro l ) .  The next  day,  1 mg of  
d - a m p h e t a m i n e  su l fa te /kg  (d -amph,  K and K Labs, 
Plainview, N.Y.) dissolved in NaC1, was injected in a similar 
m a n n e r  for use as a drug cont ro l .  This  dose of  d -amph  has 
been shown to  p roduce  a d i s rup t ion  of  FR behav ior  for  
a p p r o x i m a t e l y  15 30 min [1 ,6 ] .  A n o t h e r  NaC1 con t ro l  
session was run 24 hr later,  fo l lowed by an expe r imen t a l  
session the  next  day. In these  expe r imen ta l  sessions, each of  
the  four  rats was in jected wi th  1.0 mg d - a m p h / k g  and 
immedia t e ly  placed into the  operan t  chamber .  Fo l lowing  
the  onse t  of  behaviora l  d i s rup t ion  (i.e. 2 rain w i thou t  
r e in fo rcemen t ) ,  t he  animals  were removed  f rom the  ope ran t  
chambe r  and  placed in the i r  h o m e  cages for  5.0 rain. They  
were subsequen t ly  replaced in the  ope ran t  c h a m b e r  and 
al lowed to resume lever pressing for food.  Addi t iona l  NaC1 
and drug con t ro l  sessions (i.e. the  rats were al lowed to 
remain  in the  operan t  c h a m b e r )  fol lowed on successive 
days. Seven ty- two  hr later,  the ent i re  sequence  was re- 
peated,  excep t  t ha t  the  dura t ion  in the  home  cage dur ing  
the  expe r imen t a l  session was s h o r t e n e d  to 2.5 min. 

We have previously  s h o w n  tha t  the  t ime be tween  
in jec t ion  and p l acemen t  in to  the  ope ran t  c h a m b e r  is an 
i m p o r t a n t  d e t e r m i n a n t  in the  effect  of  LSD or  mescal ine  on  
FR respond ing  [5 ] .  A n o t h e r  e x p e r i m e n t  was pe r fo rmed  to 
test  for  the  effects  of de layed p l acemen t  on the  behaviora l  
effects  of  1.0 mg d-amph/kg .  The  dura t ion  of this  delay was 
equal  to  the  mean  of  the  la tencies  to  observe  2 rain w i t h o u t  
r e i n f o r c e m e n t  (i.e. la tency to onset  of  behaviora l  dis- 
r up t i on )  es tabl ished in five previous  drug con t ro l  sessions 
( a b o u t  10 rain).  Again, each animal  was given one  drug 
con t ro l  session ( i m m e d i a t e  p lacement  in to  ope ran t  c h a m b e r  
af ter  in jec t ion)  before  and af te r  one expe r i m en t a l  session 
(de layed p lacement ) .  All drug sessions were separated by at 
least 72 hr. 

A similar p rocedure  was used to test  for effects  of  
delayed p l acemen t  upon  the  behaviora l  response  to 10 mg 
of m o r p h i n e  sulfate  (MS)/kg.  On the  day fo l lowing a NaCI 
con t ro l  session all the  rats in the  second group were 
injected wi th  MS. Half were placed immedia t e ly  in to  the  
ope ran t  c h a m b e r  while  the  o the r  half  were given a 10 min 
delay (in the i r  h o m e  cages) af ter  the  inject ion.  One week 
later  the  p rocedure  was repea ted ,  reversing the  two sub- 
groups.  All animals  were removed  f rom the  c h a m b e r  60 min 
af te r  the  inject ion.  

The  crossover  design was i nco rpo ra t ed  in the  m o r p h i n e  
s tudy to con t ro l  for possible rapid (1 2 in jec t ion)  toler-  
ance [4 ] ,  which  if present ,  would show up as an e r roneous  
a t t e n u a t i o n  a t t r i bu t ab l e  to  the  h o m e  cage m a n i p u l a t i o n  
(delay) .  

RI';SU LTS 

The average onset  to  behavioral  d i s rup t ion  by d -amph  
( t ime  be tween  in jec t ion  and  no re inforcers  for  2 min)  in 
sessions involving in jec t ion  and immed ia t e  p l acemen t  was 
I0.3:_~0.5 rain (M*SE).  There  was li t t le in t rasubjec t  vari- 
abil i ty,  indica t ing  the  absence  of to le rance  deve lopmen t .  In 
addi t ion ,  there  was l i t t le  var iabi l i ty  be tween  subjects ,  and 

the group mean  ( I 0  rain) served as the t ime in the  home  
cage in the  de layed p l acemen t  exper imen t .  When the  
animals  were placed immedia te ly  in the operan t  chambe r  
(drug con t ro l  sessions),  the  mean dura t ion  of drug ac t ion 
( t ime  to ob ta in  5 re inforcers  s tar t ing immedia te ly  af ter  
behaviora l  d i s rup t ion )  was 24.5 rain. Removal  of the  
animals  f rom the  ope ran t  c h a m b e r  2 rain af ter  the onset  of 
behaviora l  d i s rup t ion  (i.e. no re inforcers  for 2 min l  and 
replacing t hem 5.0 or 2.5 rain later  had p ro found  effects  on 
the  disrupt ive  ac t ion of  d-amph.  In many  cases the animals  
resumed respond ing  aImost  immedia t e ly  af ter  r ep lacemen t  
into  the  operan t  chamber ,  and wi th in  10 12 rain af ter  
d i s rup t ion  all an imals  had received 5 reinforcers ,  shor ten ing  
the  du ra t ion  of ac t ion by at least half. Behavioral  dis- 
rup t ion  was fu r the r  reduced  to  a mean of  4 rain (approxi -  
mate ly  80% reduc t ion )  when  initial  p lacement  into the 
chambe r  af te r  in jec t ion was delayed by 10 rain (Table  I). 

When MS (10 mg/kg, IP) was injected and the  animals  
placed immed ia t e ly  in to  the  ope ran t  c h a m b e r  there  was an 
initial per iod ((~ 18 rain) of  l i t t le or no responding  on  the  
lever (Fig. 1). f towever,  once  the  rats s tar ted to respond 
they  did so at  a depressed rate,  as indica ted  by the 
decreased slopes of  the  cumula t ive  records.  Since there  was 
no ab rup t  cessat ion (wi th  no responding)  fol lowed by a 
r e tu rn  at abou t  baseline rates,  we analyzed the  drug effect  
as a decrease in the  n u m b e r  of re inforcers  ob ta ined  dur ing 
the last 50 rain of  a 60 min session. The result  of  placing 
the  animals  in the i r  home  cages for 10 rain prior to 
p lacement  in to  the  operan t  c h a m b e r  (a t ime app rox ima te ly  
equal  to the  delay seen prior to response  in i t ia t ion  af te r  
m o r p h i n e  and immedia t e  p l a c e m e n t )  likewise a t t e n u a t e d  
the  behaviora l  effect  of the opiate.  Where immedia t e  
p l acemen t  in to  the  c h a m b e r  resul ted in the rats receiving an 
average of  20% (21 :~ 7, M:_~ SE) of  the reinforcers ,  when  
compared  to the  last 50 rain of NaCI con t ro l  sessions, the  
home  cage man ipu la t i on  s ignif icant ly  ( p < 0 . 0 1 .  paired 
t- test)  reversed the  a t t enua t ion .  Animals  left in thei r  home 
cage for 10 min pe r fo rmed  at a rate which b rough t  the  
n u m b e r  of  re inforcers  received back up to 557~ (55 , 2(~,M 
~: SE) of  cont ro l .  

I)ISCUSSION 

Previously,  we have repor ted  on  the  reversabi l i ty  of  the  
ope ran t  behaviora l  effects  of various doses of  LSD and 
mescaline,  using the  m e t h o d o l o g y  descr ibed herein [5] .  
The  data  of  the  present  inves t igat ion con f i rm  and expand  
upon  the  p h e n o m e n o n  in tha t  the  behaviora l  effects  of  a 
nonha l luc inogen ic  s t imuhmt ,  as well as an opia te  depress- 
ant ,  can be great ly  a t t e n u a t e d  by this  s imple man ipu la t ion .  

The  obse rva t ions  of  slight or comple t e  reversal of  the  
behaviora l  ac t ions  of  psychoac t ive  c o m p o u n d s  by removal  
f rom the  e n v i r o n m e n t  for  as l i t t le as 2.5 min may have 
some pract ical  s ignif icance for behav io r -b iochemica l  inter-  
ac t ion  studies.  It is possible tha t  b iochemica l  mod i f i ca t ion  
could likewise ensue and  the  use of the  same animal  for  
b o t h  behav ior  and b iochemcia l  d e t e r m i n a t i o n s  might  lead 
to e r roneous  conclus ions  as to what  is happen ing  bio- 
chemical ly ,  at the  t ime  of d is rupted  behavior .  The  alter- 
nat ive of using paired animals ,  one for behav ior  and the 
o the r  for  b iochemica l  exper imen t s ,  has even greater  obv ious  
drawbacks .  Perhaps  the  use of ins t an taneous ,  in situ 
sacrifice or per fus ion  of  brain dur ing the  behavioral  task or 
drug effect  [8] can c i r cumven t  this  problem.  

Again, ou r  i n t e rp re t a t i on  of what  may be responsible  for  
the  a t t enua t i ng  ac t ion of delayed p l acemen t  relies upon  a 
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T A B L E  1 

EFFECT OF HOME CAGE MANIPULATION UPON THE 
DURATION OF d-AMPHETAMINE INDUCED SUPPRESSION 

OF OPERANT BEHAVIOR 

Time to obtain 5 reinforcers (min)* 

Rat No. Drug Control Delay 

A 17 23.0 4.0 

20.5 

A 18 25.5 4.0 

22.5 

A 19 27.0 5.0 

32.0 

A 30 22.0 3.0 

23.0 

Mean +_ S.E. 24.5 ± 1.2 4.0 ± 0.4 

*Drug controls consisted of injecting rats and placing them 
immediately into the operant chamber. Delayed sessions con- 
sisted of injection and placement in the home cage for 10 rain 
prior to placing them in the operant chamber. Results are 
expressed as the time to obtain 5 reinforcers beginning 10 rain 
after the injection, since the onset of behavioral disruption (10.3 
rain) was the same as the time in the home cage (10 rain). 

d i f ference be tween  s t imul i  con t ro l l ing  ongoing behav ior  as 
opposed  to s t imuli  in i t ia t ing  the  same behavior .  For  
example ,  fo l lowing the  drug in jec t ion  and p l acemen t  in to  
the  ope ran t  chamber ,  the  resul t ing drug elicited s t imuli  
compe te  wi th  those  s t imul i  con t ro l l ing  the  ongoing  re- 
sponse. If  the  drug induced  s t imul i  are in tense  enough,  
there  is a loss of  s t imulus  con t ro l  and behav ior  is d isrupted.  
The  greater  the  s t imulus  change (e.g., grea ter  the  dose),  the  
more  rapid the  onset  of ac t ion  and longer the  du ra t ion  of  
behaviora l  d i s rup t ion  [5 ] .  On the  o the r  hand ,  w h e n  the  
animals  are injected,  placed in the  h o m e  cage and t h e n  
placed in the  operan t  chamber ,  the  same drug induced  
in terna l  changes  (s t imul i )  compe te  wi th  d iscr iminat ive  
s t imul i  associated wi th  response  in i t ia t ion.  The  s t imulus  
complex  re la ted to handl ing,  p l acemen t  in to  the  c h a m b e r  
etc., appears  to  be of great enough  magn i tude  to  overcome 
the  disrupt ive  effects  of the  drug. In addi t ion ,  s t imulus  
con t ro l  fac tors  are p re sumab ly  opera t ing  in the  e x p e r i m e n t  
involving removal  of the  animals  for 5.0 or  2.5 min  
fo l lowing the  onse t  of  behaviora l  d is rupt ion .  Con t ro l  
expe r imen t s  for  novel  s t imulus  changes  (b l inking  the  house  
lights accompan ied  by a tone  at the  p rope r  t ime)  did not  
have any effect  on  the  du ra t ion  of the  disrupt ive  effect  by  
1.0 mg d-amph/kg ,  fu r the r  indica t ing  the  invo lvemen t  of 
d iscr iminat ive  s t imul i  associated wi th  handl ing ,  h o m e  cage 
and  p l acemen t  in to  the  chamber .  

In o the r  s tudies  [6,7]  it was also shown  tha t  to le rance  
to the  behaviora l  effects  of  mescal ine  (10 mg/kg)  and 
d -amph  (1.6 mg/kg)  admin i s t e red  IP, was no t  conveyed  to a 
behaviora l ly  equieffec t ive  dose of the  same drug infused 
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FIG. 1. Representative cumulative records of FR 30 responding for 
rat DA-I showing the behavioral effects of morphine sulfate (10 
mg/kg, IP). The upper record shows performance after a NaCI 
injection and immediate placement into the operant chamber. The 
middle record was generated after morphine and immediate place- 
ment into the operant chamber. The lower record shows the reversal 
(attenuation) of drug effects by prior placement into its home cage 
(10 min delay) before being placed into the operant chamber. The 
event marks beneath the cumulative records are a 1 min time base. 

in to  the  lateral  ventricles.  Since the  behaviora l  effects  
resul t ing f rom the  IP admin i s t r a t i on  of the  same or similar 
doses of  mescal ine and d -amph  are easily man ipu la t ed  by  
these  e n v i r o n m e n t a l  cont ingenc ies ,  there  is a suggest ion 
tha t  the i r  initial d isrupt ive  effects  on  FR responding  are at 
least part ial ly due to  per iphera l  effects  c o m m o n  to b o t h  
drugs. 

What  we are the re fo re  p ropos ing  is t ha t  low doses or  the  
init ial  behaviora l  ac t ion  of  higher  doses of psychoac t ive  
c o m p o u n d s  may be p roduc ing  the i r  ef fects  t h r o u g h  peri- 
pheral  ac t ion,  wi th  its ensuing s t imulus  consequences .  
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The morph ine  data relating to the initial per iod of 
nonrespond ing  immedia te ly  af ter  IP inject ion may also be 
related. Morphine  has been shown to release vasoactive 
substances  and /o r  in o the r  ways p roduce  cardiovascular 
effects  and resul tant  per ipheral  au tonomic  reflex activity 
[2] .  Ei ther  or bo th  of  these effects  might then  act as novel 
or disruptive stimuli resulting in the initial behavioral  
action,  to  be fo l lowed later by its CNS depressant  effects .  
The demons t r a t i on  tha t  a thi rd  class of  c o m p o u n d s  

(opiates) ,  which produces  a differential  effect  (compared  to 
p sycho tomime t i c s  and p s y c h o m o t o r  s t imulants)  upon be- 
havior mainta ined by FR schedules,  appears to be sensitive 
to the  home  cage manipula t ion  is fur ther  evidence for the 
general i ty of  the  p h e n o m e n o n .  Fur the r  investigations are 
under  way to  de termine  the effects  of these simple 
manipula t ions  upon behavior mainta ined by o the r  sched- 
ules of  re in forcement .  
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