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NUMAN, R., U. BANERJEE, N. SMITH AND H. LAL. Secondary reinforcement property of a stimuhts paired with 
morphine administration in the rat. PHARMAC. BIOCHEM. BEHAV. 5(4) 395-399,  1976. - Rats learned to run to the 
correct arm of a Y-maze. Correct responses were reinforced with morphine injection paired with a conditional tone 
stimulus. After the maze response was well established, extinction trials were run. During extinction half of the animals 
received neither morphine nor tone as a consequence of a correct response, while the other half received the tone but no 
morphine. Rats receiving the tone during extinction required significantly more trials to reach the extinction criteria than 
rats not receiving tone presentations. Extinction with the tone also facilitated relearning of the maze response. The results 
support the view that morphine is a potent reinforcer, and that stimuli paired with morphine administration acquire the 
properties of a secondary reinforcer. 
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A N U M B E R  of r ecen t  s tudies  have s h o w n  t h a t  the  ef fec ts  
of  chron ica l ly  admin i s t e r ed  na rco t i c  drugs can be classically 
cond i t i oned  to e n v i r o n m e n t a l  s t imuli .  S t imul i  r epea ted ly  
paired wi th  na rco t i c  abs t inence  acquire  the  abi l i ty  of  
re ins ta t ing  w i thd rawa l  signs in an imals  a l ready recovered  
f rom p r imary  abs t inence  [ 3 , 1 3 ] .  In con t ras t ,  a t r e a t m e n t -  
o r i en t ed  a p p r o a c h  inves t iga ted  in our  l abo ra to ry ,  and 
elsewhere,  has  cons i s t en t ly  shown  t h a t  s t imul i  pa i red  wi th  
m o r p h i n e  a d m i n i s t r a t i o n  dur ing  the  per iod  of  add ic t ion  
come  to act  like m o r p h i n e ,  and  reduce  abs t inence  signs 
when  p resen ted  a lone  dur ing  wi thdrawal .  In those  studies,  
previous ly  neu t ra l  s t imul i  were shown,  by  themselves ,  to  
reduce  wi thd rawa l  h y p o t h e r m i a  [1, 2, 7 ] ,  to  suppress  
wi thd rawa l  b o d y  shakes  [ 6 ] ,  and to re ins ta te  ef f ic ient  
p e r f o r m a n c e  on  ope ran t  tasks [ 9 , 1 0 ] ,  a f te r  be ing  re- 
pea ted ly  paired wi th  m o r p h i n e  admin i s t r a t ion .  These  
f indings,  t a k e n  toge the r ,  stress the  i m p o r t a n c e  of  the  role 
played by  e n v i r o n m e n t a l  s t imul i  in the  acquis i t ion ,  
m a i n t e n a n c e  and  relapse of  drug-abuse  behaviors .  

M o r p h i n e  a d m i n i s t r a t i o n  has  been  s h o w n  to be a 
p r imary  r e in fo rce r  for  b o t h  m o r p h i n e  d e p e n d e n t  [ 11 ],  and 
drug naive animals  [ 8 ,12 ] .  I t  is also k n o w n  t h a t  cond i t i ona l  
s t imuli ,  w h e n  repea ted ly  paired wi th  a p r imary  re inforcer ,  
acquire  the  p roper t i e s  of  t h a t  r e in fo rce r  in con t ro l l ing  
behav io r  as a s econda ry  or c o n d i t i o n e d  re in fo rce r  [~ ,5 ] .  We 
have a l ready s h o w n  [1, 2, 6, 7] t h a t  s t imul i  paired wi th  
m o r p h i n e  a d m i n i s t r a t i o n  acquire  cond i t i ona l  p rope r t i e s  of  
m o r p h i n e ,  in t ha t  such  s t imul i  are able to  reduce  with- 
drawal  signs. Moreover ,  like m o r p h i n e ,  the  ef fec ts  of  these  
cond i t i ona l  s t imul i  are an tagon ized  by  n a l o x o n e  [ 1 ]. In  the  

p resen t  e x p e r i m e n t  we u n d e r t o o k  to es tab l i sh  w h e t h e r  or 
no t  such cond i t i ona l  s t imul i  would  serve as secondary  
re inforcers  by  increas ing the  res is tance to e x t i n c t i o n  of  an 
i n s t r u m e n t a l  response.  

METHOD 

Animals 

Male h o o d e d  rats  of  the  Long-Evans  s t ra in  (Charles  
River, Wi lmington ,  Ma.) weighing b e t w e e n  2 5 0 - 3 0 0  g at  
the  beg inn ing  of  the  e x p e r i m e n t  were used. They  were 
housed  individual ly  wi th  food  and wate r  freely available. 
House  l ight ing was a l t e rna ted  on a 12-hr d a y - n i g h t  cycle 
( 0 8 0 0 - 2 0 0 0  hr).  

Apparatus and Drugs 

A Plexiglas Y-maze wi th  symmet r i ca l  arms (61 x 11 x 
15 cm),  and  grid f loor  was used. Sliding doors  could  be 
lowered at the  en t r ance  po in t  of  each a rm of  the  maze. One 
arm of  the  maze,  wi th  b lackened  walls, was des ignated  as 
the  s tar t  arm. The  two remain ing  arms ( lef t  and r ight )  were 
white .  The maze was housed  in a sound-sh ie lded  room,  and 
was diffusely i l lumina ted  f rom above  wi th  f luorescen t  
l ighting. A tone  s t imulus  ( 5 , 0 0 0  Hz, genera ted  by  an 
audio-osci l la tor)  was used as the  cond i t i ona l  s t imulus .  The  
tone  sound  was genera ted  at  the  po in t  of  in t e r sec t ion  of the  
left  and  r ight  arms of  the  maze.  Morph ine  su lpha te  was 
dissolved in dist i l led water  and admin i s t e red  intra-  
per i toneal ly .  Morph ine  doses are expressed as to t a l  salt, and 
the  in jec t ion  vo lume  ranged b e t w e e n  0 . 2 5 - 0 . 3 5  ml / ra t .  

1 Requests for reprints should be addressed to Robert Numan, Department of Psychology, University of Santa Clara, California 95053. 
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Procedure 

In o rder  to provide evidence for  secondary  rein- 
f o r c e m e n t  we measured  the  degree of  res is tance to ext inc-  
t ion of  a Y-maze response  in the  presence or absence  of  the  
cond i t i oned  re inforcer  [4 ,5 ] .  

Prior to any  drug admin i s t r a t i on ,  or cond i t ion ing ,  each 
animal  was placed in the  s tar t  arm of  the  Y-maze and 
al lowed to make  a response  to e i the r  the  lef t  or r ight  arm. 
The a rm chosen  was des ignated as the  prefer red  side for  the  
animal,  and  s u b s e q u e n t  r e i n f o r c e m e n t  was admin i s t e red  at 
the opposi te ,  nonp r e f e r r ed  side. 

Conditioning. On the  day fol lowing preference  test ing,  
animals  were admin i s t e red  3 daily in jec t ions  of  morph ine ,  
in an escalat ing dosage regimen,  for  8 days. The in jec t ions  
were given at 0900,  1500,  and 2100  hr. The dosage on  Day 
1 was 10 mg/kg / in j ec t ion ;  on Day 2, 20 mg/kg / in j ec t ion ;  
and f rom Day 3 onward ,  40  mg/kg / in jec t ion .  T h r o u g h o u t  
this  8-day period,  all in jec t ions  were admin i s t e red  in the  
Y-maze. During this  phase  of  the expe r i m en t ,  all doors  at  
the  en t rances  to  the  goal arms were lowered,  p revent ing  the  
rat  f rom exi t ing af te r  p l acemen t  in a par t icu lar  arm. First ,  
each rat  was placed in the  s tar t  a rm for  30 sec. The  rat  was 
then  picked up,  and placed in its n o n p r e f e r r e d  goal arm for 
5 min dur ing  which  t ime the  tone  was act ivated.  Morph ine  
was admin i s t e red  in t raper i tonea l ly ,  at  one  m i n u t e  fol lowing 
tone  onset  ( to ta l  in jec t ion  t ime  did no t  exceed 15 sec). A 5 
rain tone  CS was used to assure tha t  the  CS would overlap 
wi th  the  cent ra l  ef fects  of  morph ine .  T wen ty - fou r  
m o r p h i n e - t o n e  pair ings were admin i s t e red  in this  m a n n e r  
pr ior  to the  in i t i a t ion  of  acquis i t ion  trials. 

Acquisition. F r o m  Day 9 onwards  the rats  were required 
to run  to the  correc t  arm (nonp re f e r r ed  side) of  the  maze 
for  the i r  m o r p h i n e  inject ions.  Two maze trials were 
admin i s te red  daily at  0900  and 2100  hr. All doors  to the  
maze arms were open  at the  beg inning  of  each trial. Each 
rat  was placed in the  start  arm and al lowed to run  freely in 
the  maze. When the  cor rec t  arm was en te red ,  a door  was 
lowered prevent ing  re tu rn ,  and the  rat  was re ta ined  there  
for  5 min dur ing  which  t ime the  tone  was act ivated.  
Morph ine  (40  mg/kg)  was in jected i min  fol lowing tone  
onset .  A cor rec t ion  p rocedure  was used for  all trials (i.e., on 
any given trial  the  rat  could exi t  f rom an incor rec t  alley and 
enter  the  cor rec t  goal arm).  However ,  if a correc t  response  
was not  made  wi th in  4 min,  the  ra t  was placed in the 
correct  arm of  the  maze,  the  tone  was tu rned  on, and 
m o r p h i n e  adminis te red .  The cr i ter ion for  maze acquis i t ion  
was 9 errorless responses  in 10 consecut ive  trials. Trials to  
criteria,  errors,  and la tency  were recorded.  Errors  were 
coun ted  when  the  rat  placed b o t h  fore and h ind  paws in to  
the incor rec t  goal arm. Since a cor rec t ion  p rocedure  was 
used, it was possible  for  a ra t  to  make  more  than  one er ror  
on each trial, since the  rat  could exit  f rom and then  re-enter  
the incor rec t  arm. La tency  was recorded  by ac t iva t ing  an 
e lec t ronic  t imer  when the  rat  was placed in the  s tar t  arm. 
The t imer  was s topped  when  the  rat  placed b o t h  fore and 
h ind  paws in to  the  correc t  goal arm. If a rat  r emained  in the  
start  a rm for 4 min,  w i t h o u t  making  any responses,  the  trial 
was recorded  as one  error  wi th  a l a tency  of  4 min.  

Extinction. On the  day fol lowing acquis i t ion,  the  ext inc-  
t ion trials were run. During e x t i n c t i o n  the  rats  were divided 
in to  2 groups.  In one group,  the  rats  received no  t r e a t m e n t  
(no  tone ,  no  m o r p h i n e )  u p o n  emi t t ing  a cor rec t  response,  
bu t  were re ta ined  in the  correc t  arm for  5 min.  In the o t h e r  
group,  rats  were also re ta ined  in the  goal arm for 5 min 

fo l lowing a correc t  response,  bu t  in this  case the  5-min tone  
(bu t  no  m o r p h i n e )  was presented .  E x t i n c t i o n  was com- 
pleted in one day of massed trials wi th  a 5-min in ter t r ia l  
interval.  The  cri teria for  e x t i n c t i o n  was 5 consecut ive  trials 
w i t h o u t  a correc t  response,  or 3 consecut ive  trials dur ing 
which  no  response  was made  wi th in  4 min of  p l a c e m e n t  in 
the  s tar t  arm. Trials to ex t inc t ion ,  errors,  and la tency  were 
recorded.  

Relearning and reextinction. On the  day fol lowing 
e x t i n c t i o n  trials, all rats were required to relearn the  maze 
task. Morph ine  (40  mg/kg)  tone  pair ings were admin i s t e red  
for  a cor rec t  response,  and  the p rocedure  was ident ical  to  
t ha t  used dur ing  acquisi t ion.  On the  day fol lowing comple-  
t ion  of  relearning,  r e e x t i n c t i o n  trials were run  in a crossover 
design. There fo re  the  group which  previously received no  
t r e a t m e n t  for  a correc t  response  n o w  received the 5-rain 
tone,  while the o the r  group of  animals  now received no 
t r ea tmen t .  The p rocedure  and criteria for  r eex t inc t i on  were 
ident ical  to  t ha t  used for  original  ex t inc t ion .  

The e x p e r i m e n t  was conduc t ed  in two repl icat ions.  
Since the  results  of  these repl ica t ions  did no t  differ,  the  
data  were pooled.  A to ta l  of  20 rats  were used, 10 in each 
group. A th i rd  g roup  of 5 rats  was used as an addi t iona l  
control .  These con t ro l  rats  were t rea ted  in the same m a n n e r  
as the  o the r  animals,  excep t  t ha t  saline inject ions,  ins tead  
of morph ine ,  were paired wi th  the  tone.  The significance of 
the results  was d e t e r m i n e d  wi th  S t u d e n t ' s  t- test ,  two-tai led.  

RESULTS 

Acquisition and Extinction 

All rats readily acqui red  the  maze response,  learning to  
run  to the  correct  arm of  the  Y-maze for  the i r  daily 
m o r p h i n e  in jec t ions  paired wi th  a tone.  There  were n o  
di f ferences  be tween  the  two groups  on  any  p a r a m e t e r  of  
pe r fo rmance  dur ing acquis i t ion  (Table  1). (Dur ing  acqui- 
sit ion, all e x p e r i m e n t a l  animals  received the  same t reat-  
ment .  These animals  are des ignated  as two groups  of  10 rats  
each on  the  basis of  the i r  subsequen t  t r e a t m e n t  dur ing  
ex t inc t ion ;  i.e., 10 rats  are subsequen t ly  ex t inguished  wi th  
tone,  and l 0  rats  w i t h o u t  tone . )  In cont ras t ,  dur ing  
e x t i n c t i o n  trials, rats  receiving the tone  fol lowing a correc t  
response  required s ignif icant ly  ( p < 0 . 0 5 )  more  trials to  
reach the  ex t inc t i on  cri teria t han  rats  which  did no t  receive 
the tone  u p o n  en te r ing  the  correc t  a rm (Table  2). 

Relearning and Reextinction 

The data  in Table  1 show tha t  ex t inc t i on  wi th  the  tone  
present  faci l i ta ted re learning of  the  maze response.  Rats  
which received the  tone  dur ing  e x t i n c t i o n  requi red  
signif icant ly fewer trials ( p < 0 . 0 1 )  and made  s ignif icant ly  
fewer errors  ( p < 0 . 0 1 )  dur ing  re learning in compar i son  to 
the  rats  which  did no t  receive tone  exposure  dur ing 
ex t inc t ion .  The la tency  data  for  the  two groups  did no t  
differ. Dur ing  r eex t inc t ion ,  the  results  are essential ly the  
same as for  the  original  ex t inc t ion .  Animals  which  received 
the  tone  fol lowing a correc t  response  requi red  s ignif icant ly  
( p < 0 . 0 1 )  more  trials to reach the  ex t inc t i on  cri teria in 
compar i son  to the  rats  which  did no t  receive tone  presenta-  
t ions  (Table  2). However ,  it should be no ted ,  in Table  2, 
tha t  rats  reext inguised  w i t h o u t  tone  did achieve smaller  
la tencies  than  rats  reex t inguished  wi th  tone  (p < 0.05). 

It can also be seen (Table  2) t ha t  the  order  of  tone  
p re sen t a t i on  in the  ex t inc t i on  phases did no t  inf luence  the  
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T A B L E  l 

ACQUISITION OF A MAZE RESPONSE FOR MORPHINE INJECTIONS PAIRED WITH TONE AND THE 
EFFECT OF CONDITIONAL TONE PRESENTATIONS DURING EXTINCTION ON RELEARNING 

Measure of 
Maze 
Performance 

Maze Performance, Mean _+ SE 
Relearning Following Relearning Following 

Acquisition Extinction with Tone Extinction without Tone p* 

Trialst 16 _+ 0.7 12 + 0.51[ - -  0.001 
% Errors$ 31 + 2.2 17 _+ 1.311 - -  0.001 
Latency§ 54 _ 11.6 43 _+ 5.5 - -  NS 

Trialst 18 _+ 1.2 - -  19 _+ 2.211 NS 
% Errors$ 33 _+ 2.3 - -  37 _+ 6.611 NS 
Latency§ 51 _+ 8.7 - -  62 _+11.0 NS 

*Level of significance, t-test, two-tailed (NS, not significant, p >0.05). 
tNumber of trials to reach criteria. 
~:Percent of trials on which one or more errors occurred. 
§Time in seconds to enter the correct goal arm. 
I!Between group comparisons for both trials and errors is significant (p <0.01). 

T A B L E  2 

EFFECT OF CONDITIONAL TONE PRESENTATIONS ON RESISTANCE TO EXTINCTION OF A 
MORPHINE MOTIVATED MAZE RESPONSE 

Tone Condition Maze Performance, Mean _+ S.E. 
During Extinction Trials* % Errorst Latencyz~ 

Tone Presented 17 _+ 1.6 70 _+ 4.3 66 _ 11.8 
Extinction Tone Not Presented 12 _+ 1.4 75 _+ 3.9 81 _+ 9.3 

p§ 0.05 NS NS 

Re-Extinction Tone Presented 18 _+ 1.5 63 _+ 2.5 63 _+ 6.2 
Tone Not Presented 12 +_ 1.3 72 _ 4.2 41 ___ 7.1 
p§ 0.01 NS 0.05 

*Number of trials to reach extinction criteria. 
tPercent of trials on which one or more errors occurred. 
CTime in seconds to enter the correct goal arm. 
§Level of significance, t-test, two-tailed (NS, not significant, p>0.05). 

results, bu t  ra ther  tha t  resistance to ex t inc t ion  was deter-  
mined  by w he the r  or no t  the tone  was presen ted  as a 
consequence  of  a correct  response.  The n u m b e r  of  trials 
necessary to  reach the ex t inc t ion  criteria did no t  differ  
be tw een  the two groups when  they  were compared  under  
the same condi t ions .  In contras t ,  rats in e i ther  group 
required signif icantly more  trials to reach ex t inc t ion  when  
the tone  was present ,  than  when  it was absent  (p<0 .02  for  
each group).  (This p value was c o m p u t e d  for a wi thin  group 
compar ison ,  t-statist ic for  paired data. In Table 2, the 
numbers  compared  are 17 + 1.6 vs 12 + 1.3 and 12 + 1.4 vs 
18 -+ 1.5 of  the trials co lumn. )  

Savings During Relearning 

The above results suggested that  animals originally 
ext inguished wi th  the tone  re learned the maze response  
faster than  rats ext inguished initially w i thou t  tone.  Within 
group compar i sons  substant ia te  this f inding (see Table 1). 
Rats ext inguished initially wi th  the tone  required 16 trials 
for  acquisi t ion,  but  only  12 trials for  relearning. The savings 

is significant (p<0 .001) .  This group also made significantly 
(p<0 .001 )  fewer  errors during relearning. In contras t ,  the 
group ext inguished initially wi thou t  the tone  did no t  show 
any savings, requiring 18 trials for acquisi t ion and 19 trials 
for relearning. 

Finally,  animals receiving saline inject ions  paired wi th  
tone  did not  acquire the  maze task (data no t  shown).  This 
failure indicates  tha t  the tone  was, in itself, a neutra l  
s t imulus and did no t  guide the animals '  response in the 
maze. The tone  therefore ,  cannot  be regarded as a 
facilitating or eliciting st imulus [4] for  the response in 
quest ion.  

Throughou t  all phases of  this exper iment ,  animals were 
grossly observed,  periodically,  for signs of  wi thdrawal  
distress. While mild wi thdrawal  d i scomfor t  p robably  did 
occur  prior  to  the adminis t ra t ion  of  the daily inject ions,  
gross wi thdrawal  signs did no t  occur.  The animals appeared 
heal thy,  and b o d y  weights remained stable. 

Fol lowing t e rmina t ion  of  the exper iment ,  all animals 
were again observed,  at 24-hr intervals, for wi thdrawal  
symptoms .  During the per iod of pr imary abs t inence  [13] 
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all ra ts  showed  mode ra t e  signs of  w i thd rawa l  distress 
inc luding weight  loss and body  shakes,  wi th  peak effects  
occurr ing b e t w e e n  4 8 - 7 2  hr  af ter  wi thdrawal .  

DISCUSSION 

Previous work in our  l abo ra to ry  [1, 2, 6, 7] and o t h e r  
labora tor ies  [9 ,10]  have shown  tha t  s t imuli ,  paired wi th  
m o r p h i n e  admin i s t r a t ion ,  acquire some of  the  pha rmaco-  
logical ac t ions  of morph ine ,  and are able to  reduce  
wi thdrawal  distress. The results  of  the  present  e x p e r i m e n t  
fu r the r  a u g m e n t  the  previous  conclus ions  by  showing t ha t  
these cond i t iona l  s t imuli  also acquire  some of  the  rein- 
forcing proper t i es  of  morph ine ,  and can serve as secondary  
reinforcers .  

The  cri teria used for establ ishing the  cond i t iona l  
s t imulus  as a secondary  re in force r  ( c o n d i t i o n e d  re inforcer )  
was the  res is tance to e x t i n c t i o n  of a Y-maze response.  An 
increase in resis tance to ex t inc t ion ,  w h e n  a cond i t iona l  
s t imulus  is present ,  is a c o m m o n l y  accep ted  measure  of the  
ex t en t  of  secondary  r e i n f o r c e m e n t  [4, 5, 14] .  B o t h  wi th in  
and be tween  group compar i sons ,  in the  p resen t  expe r imen t ,  
suppor t  the  view t h a t  the  tone ,  a f te r  repea ted  pair ings wi th  
morph ine ,  served as a secondary  re in force r  by increasing 
resis tance to e x t i n c t i o n  of the  maze response.  It is 
u n f o r t u n a t e  tha t ,  in mos t  cases, the  error  and la tency  data  
did no t  s t r eng then  these f indings,  and in one ins tance  
( r eex t inc t ion ,  Table  2) the  l a tency  data  con t r ad i c t ed  our  
hypothes is .  This  was no t  surprising, since the  weak na tu re  
of  cond i t i oned  re inforcers  is k n o w n  [4,5] and the re fo re  
cond i t ioned  r e i n f o r c e m e n t  effects  m ay  no t  be equal ly  
measurable  on  all response  parameters .  

The present  f indings  are of fu r the r  in teres t  in t ha t  they  
clearly es tabl ish  the  re inforc ing  p o t e n c y  of  morph ine .  
Earlier s tudies have used ope r an t  tasks [11 ,12]  to  show 
that  rats  will work for morph ine .  Our  f indings ex t end  these  
results by  d e m o n s t r a t i n g  t ha t  rats will learn a complex  
i n s t rumen ta l  d i sc r imina t ion  in order  to ob ta in  morph ine .  
This re inforc ing  p rope r ty  of m o r p h i n e  is believed to be due 
to direct  physiological  effects  of  the  drug i tself  [ 8 , 12 ] ,  and 
to its abi l i ty  to  pos tpone  wi thdrawal  d i s comfor t  [6, 11, 
13].  

A more  u n e x p e c t e d  f inding of the  present  s tudy  was the  
fac i l i ta t ion  of re learning fol lowing ex t inc t i on  wi th  the  tone ,  
and the  absence  of  savings dur ing  re learning in the  group 
ex t inguished  w i t h o u t  tone.  Since the  error  data  ( b o t h  % 
errors,  and to ta l  ac tual  errors)  for  the  two groups did no t  

differ  dur ing  the  original  e x t i n c t i o n  one c a n n o t  explain 
these results  by suggesting t ha t  animals  ex t inguished  
w i t h o u t  tone  developed i n c o m p a t i b l e  response  pat terns .  
One might  a l te rnat ive ly  suggest t h a t  the  d iscr iminat ive  cue 
proper t i es  of  the  tone  for  the  correc t  goal arm were 
s t r eng thened  by ex t ended  p resen ta t ions  dur ing  ex t inc t i on  
and t h e r e b y  faci l i ta ted re learning when  m o r p h i n e  was again 
available. It should  be po in ted  ou t  here,  t ha t  the  discrim- 
inative cue func t i ons  of s t imul i  paired wi th  p r imary  rein- 
forcers  may,  at least in part ,  explain the  e s t ab l i shmen t  of  tha t  
s t imulus  as a secondary  re in forcer  [4] .  The absence of 
savings in the  group ex t inguished  w i t h o u t  tone  is no t  clear 
since one would  expec t  at least  some savings due to 
s p o n t a n e o u s  recovery.  Perhaps  a delay in the onset  of 
m o r p h i n e ' s  u n c o n d i t i o n e d  effects  on re inforced  trials could 
accoun t  for  this  effect.  

These  resul ts  are s ignif icant  for  the  fu r the r  under-  
s tanding  of  pa t t e rns  of  h u m a n  drug abuse and  relapse. The  
cond i t ion ing  studies previously  c o n d u c t e d  in our  lab, and 
the  present  expe r imen t ,  s t rongly  suggest t ha t  e n v i r o n m e n t a l  
st imuli ,  wh ich  have been  associated wi th  drug adminis t ra-  
t ion,  acquire  con t ro l  over drug-seeking behavior .  Thus,  
e n v i r o n m e n t a l  s t imuli  may  induce  a drug-like state,  and 
while t empora r i ly  warding off  wi thdrawal  d i scomfor t ,  may  
eventual ly  lead to a craving for the  drug. Such environ-  
men ta l  con t ro l  could feasibly faci l i ta te  relapse to drug 
taking even in cured individuals.  

The  present  s tudy  suppor t s  this  conclus ion,  ind ica t ing  
tha t  s t imul i  paired wi th  drug admin i s t r a t i on  s t r eng then  
responses  d i rected toward  acquir ing the  drug. E x t i n c t i o n  of  
the  response  is more  di f f icul t  in the  presence  of  these  
st imuli ,  and moreover ,  the  effects  of  the  st imuli ,  t hem-  
selves, may  be ex t r eme ly  diff icul t  to ext inguish.  These  
results  would imply,  tha t  in the  t r e a t m e n t  of  h u m a n  
narco t ic  abusers,  s t imuli  associated wi th  drug abuse should  
be comple t e ly  ex t inguished ,  and t ha t  c o u n t e r c o n d i t i o n i n g  
m e t h o d s  should  be emp loyed  in an a t t e m p t  to discourage 
relapse tendencies .  
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