
Pharmacoh,g~ Biochemistry & Behavior, Vol. 19, pp. 701-710. 1983. Ankho International Inc. Printed in the U.S.A. 

Effects of Heroin, Methadone, 
LAAM and Cyclazocine 

on Acquisition and Performance 
of Response Sequences in Monkeys 

J O S E P H  M. M O E R S C H B A E C H E R ,  z D O N A L D  M. T H O M P S O N  
A N D  P E T E R  J. W I N S A U E R  

D e p a r t m e n t  o f  P h a r m a c o l o ~ , y .  ( ;eor~ ,e to t l 'n  U n i v e r s i t y .  S c h o o l s  o f  M e d i c i n e  a n d  l )ent i .~ trv  
Wa.GH/t,,,,'lo/t, l ) ( "  2 0 0 0 7  

R e c e i v e d  14 M a r c h  1983 

MOERSCHBAECHER. J. M.. D. M. "THOMPSON AND P. J. WINSAUER. I~]i'¢'t~ ,~1 hcr,,in, mcthadom'. I.AAAI and 
¢3 ~ la:,~¢ iHc ~,n afqui~iti, m and IWtJi,rmame ,~f re~l~,,n~c ~cqt,'m c~ in m~,nI, c~ ~. PHARMACOI. BIOCHEM BEHAV 19(4) 
701-710, 1983.-- in each of three component,, of a multiple schedule, monkeys were required to emit a different sequence of 
four responses in a predetermined order on four lever,,. Sequence completions produced food on a fixed-ratio schedule. 
Errors produced a brief timeout. One component of the muhiple schedule was a repeated-acquisition task where the 
four-response sequence changed each session dearning). The second component of the multiple schedule was also a 
repeated-acquisition task. but acquisition ~,a', supported through the u,,e of a stimulus fading procedure (l'aded learningJ. In 
a third component of the multiple schedule, the sequence of reslxmses remained the same from session to session 
IperformanceL At high doses, each drug tested produced essentially the same effect. In all three components, te'~pon,~e rate 
was substantially decreased and percent errors increased. At lower doses, however, their effects differed. Heroin and 
methadone produced dose-dependent sporadic peritxls of pat,sing, bill had little or no effect on the accuracy of responding. 
I.AAM also produced sporadic periods of pausing, but its effects on accuracy were variable. In contrast, cyclazocine 
produced no such pauses in responding but rather decreased the local rates of correct responding in a dose-related manner. 
These same doses of cyclazocine increased percent errors in the learning component, but not in the faded learning or 
perfolmance components. The results are generall}, consistent with the view that putative mu opioid agonists do not affect 
the accuracy o| 'a discrimination in monkeys except at those dose~, which produce a substantial decrease in the overall rate 
of responding. 
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T H E R E  have been numerous  s tudies  of  the effects  o f  mor- 
phine and morphine-l ike opioids,  such as heroin,  me thadone  
and I .AAM, on rate of  responding  mainta ined under  various 
schedules  of  food presenta t ion  (see [5] for review). While 
small ra te- increasing effects  have on occas ion  been obta ined 
(e.g. ,  14.12J), in general  these drugs have been found to 
produce  only dose- re la ted  dec reases  in the overall rate of  
responding  in various species  11,3, 4. 1 I, 12, 14]. In cont ras t ,  
relatively few studies  have re~) r ted  the ef fec ts  of  these  same 
drugs on the accurac~ of  a discr iminat ion.  The results o f  the 
few such s tudies  have been mixed,  and no clear  generaliza- 
tion concern ing  the effects  of  these drugs can be made.  For  
example ,  in rats morphine  has been repor ted  to produce  
dose-re la ted  dec reases  in both rate of  responding  and the 
accuracy of  a discr iminat ion 16]. in a pigeon stud~,, 

Thompson ,  Glenn,  Winston and Young [22] invest igated the 
effecls  o f  me thadone  on both simple and condit ional  dis- 
t r im |na t ions .  They found that while response  rates were  de- 
c reased ,  the shape of  a simple general izat ion gradient was 
unaffected by chronic  methadone  adminis t ra t ion at doses  
ranging from 9 mg/kg,,day to 90 mg/kg/day. Similarly, across  
this same range of  doses ,  using a condi t ional  discr iminat ion 
procedure  the}' found that while response  rates were  de- 
c reased ,  nei ther  the overall  accuracy of  responding nor  the 
shape  of  a general izat ion gradient was affected.  In the pigeon 
the effects  o f  morphine  appear  to be comparab le  to those 
obta ined with me thadone .  For  example ,  McMillan 131 in- 
vest igated the effects  o f  morphine  on the accuracy of  de- 
layed matching- to-sample  per formance  at several  different 
delay dura t ions  (1-8 see). At doses  less than 3 mg;kg mor- 
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phine had no effect on either accuracy or on running rate at 
any of the delay values studied. Only following a dose of 3 
mg/kg at the 4 sec delay did morphine produce small de- 
creases in accuracy. This effect was accompanied by a 
decrease in running rate. Using the repeated acquisition 
of behavioral chains as a baseline, Thompson and 
Moerschbaecher [21] reported that at low doses (e.g., 1.7 
mg/kg) morphine produced small but reliable decreases in 
accuracy. However,  at higher doses (e.g., 3-5.6 mg/kg) 
which produced a substantial decrease in overall rate of re- 
sponding, errors were clearly increased. Thus, in the pigeon 
it would appear that morphine and morphine-like drugs (e.g., 
methadone) produce little or no effect on accuracy until doses 
are reached which produce a substantial decrease in the 
overall rate of responding. In general, in monkeys the effects 
of  morphine appear to be similar 117,24]. For example, 
Moerschbaecher lind Thompson reported that, across a 
range of  doses which decreased response rates, morphine 
had no effect on accuracy of  either the acquisition or the 
performance of conditional discriminations in patas mon- 
keys. Only at higher doses {i.e., I-1.8 mg/kg) which produced 
marked decreases in reslxmse rate was accuracy decreased. 

It has been proposed that variations in stimulus control 
may function as a determinant of a drug's effect on behavior 
110,201. Inasmuch as previous studies have all involved dis- 
crimination procedures in which the discriminative stimuli 
were explicitly programmed, it may be that relatively strong 
control by such stimuli attenuated the effects of morphine on 
accuracy. The pur,,pse of the present study therefore was to 
characterize in :q°,,~lkeys the effects of morphine-like drugs 
on responding , / ,der  a procedure where there were no pro- 
grammed discriminative stimuli for " 'correct"  responding. A 
multiple schedule of repeated acquisition and performance of 
tandem response sequences was chosen for study because 
there are no programmed changes in the stimulus conditions 
during each sequence under this procedure. In addition, ac- 
curacy of responding under this procedure has previously 
been demonstrated to be sensitive to drugs 115]. Three 
morphine-like agonists, heroin, methadone lind I,AAM, were 
chosen tor study. In addition the mixed agonist-antagonist 
cyclazocine was tested as a comparison drug. 

METHOD 

Std~fl'('t.~ 

Two adult female patas monkeys served. Both subjects 
had experimental histories involving the repeated acquisition 
of behavioral chains. Each subject was maintained at about 
85~ of its free-feeding weight (5.75 and 6.2 kg) on a diet 
consisting of Noyes banana-flavored food pellets, Purina 
Monkey Chow, fruit, and vitamins. The pellets were either 
earned during the experimental session or, when necessary, 
provided after the session. Monkey chow, fruit, and vitamins 
were given to each subject after the daily session. Water was 
continuously available. 

Apporollt~ 

Each subject was housed in a primate cage {Research 
Equipment Co., model I,C-1004) measuring 76.2 cm by 71.1 
cm by 96.5 cm. 1"he bars were removed from one side of the 
cage and replaced with an aluminum panel. An array of four 
recessed levers (C.P. Clare Co., model CI0647) was aligned 
horizontally to the left of the vertical midline of the panel. 
l h c  levers were spaced 4 cm apart, center to center, and 

were 45 cm above the cage floor. Each lever required a 
minimum three of 0.98 N for activation. A relay mounted 
behind the panel clicked when any one of the four levers was 
pressed. An in-line projector (BRS/I,VE. Model IC 901-696), 
mounted 4 cm above each lever, was used to project the 
different stimuli (colors). An additional lever, which oper- 
ated the pellet dispenser, was mounted 11 cm to the right and 
6 cm up flom the center of the right-hand lever. A green pilot 
lamp (No. 1820) was mounted 6 cm below the food lever. A 
pellet aperture (8 cm by 8 cm) was located 3 cm to the right 
from the center of the food level. The remaining devices 
(i.e., levers, stimulus lamps, water dispenser) that were 
mounted on the panel were not used during the present ex- 
periment. Solid-state scheduling and recording equipment 
was located in an adjacent room. 

])ro('~,dlll~" 

Ba.~cline. The baseline procedure consisted of a three- 
component multiple schedule. In each component the sub- 
ject was required to emit a different sequence of foul re- 
sponses in a predetermined order on the four recessed lev- 
ers. A different stimulus Ircd, blue, or green) was projected 
above the levers during each component. Within a compo- 
nent, however, the stimulus over the levers did not change: 
i.e., there was a tandem four-response sequence in each 
component of the multiple schedule. Following each com- 
pletion of  the four-response sequence, the stimuli over the 
levels were turned off lind the green pilot lamp under the 
food lever was illuminated. A press on the food lever then 
operated the pellet dispenser. The food-pellet reinforcer C500 
mg), however, was delivered lifter every second completion 
of the sequence ti.e., responding was maintained under an 
FR 2 schedule). This was accomplished by simply plugging 
every other delivery hole in the dispenser. Following opera- 
tion of the dispenser, the green pilot lamp was turned off, the 
sequence reset, and the stimuli above the four levers were 
turned on. When the monkey pressed an incorrect lever 
(e.g., a press on lever 2 when lever 4 was correct), the error 
produced a 5-see timeout. During the timeout, all stimuli 
were off and responses had no scheduled consequences. An 
error did not reset the sequence. 

Components of the multiple schedule changed after the 
completion of 40 sequences (20 reinforcements) or 15 rain, 
whichever occurred first. A 5-see blackout separated each 
component change. The components occurred in the follow- 
ing order each session: learning, performance, faded learn- 
ing, learning, perlbrmance, faded learning, etc. A daily ses- 
sion terminated after 180 reinforcements or 3 hr, whichever 
occurred first. 

In the pefJ'ormam'e component of the multiple schedule, 
the sequence of correct responses was the same each ses- 
sion: lever 3, lever 1, lever 2, level 4: food under the FR 2 
schedule. During this component the stimulus over each of 
the four levers was blue for Monkey C and red for Monkey 
F. In the learning component of the multiple schedule, the 
four-response sequence was changed from session to session 
{repeated acquisition). During each session the monkey's 
task was to acquire a different lbur-response sequence by 
pressing the four levels in a particular order. For example, 
during one session the correct sequence of level presses was 
4-3-1-2, while during the next session the correct sequence 
was 3-2-4-1. The stimuli during this component were red for 
Monkey C lind blue for Monkey F. The .li~ded-h'urnin~, 
component of the multiple schedule also consisted of a 
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repea ted-acqu i s i t ion  task,  where  the fou r - r e sponse  s equence  
changed  each  sess ion.  Acquis i t ion  in this  c o m p o n e n t ,  how- 
ever ,  was suppor t ed  th rough  the use of  a s t imulus- fading  
p rocedure .  In the first s tep of  the fading p rocedure ,  only the 
s t imulus  lamp ove r  the co r rec t  lever  was  fully i l luminated at 
each  sequence  posi t ion ,  while the lamps ove r  the incorrec t  
levers  were  off. In s u b s e q u e n t  s teps  the luminance  levels o f  
the lamps o v e r  the incorrec t  levers  increased ,  until at the 
final s tep the lamps  o v e r  all four  levers  were fully illumi- 
nated.  The re  was a total  of  eight s teps  in the s t imulus- fading  
p rocedure  which  t i t rated unde r  the fol lowing condi t ions :  
Comple t ion  of  a cor rec t  s equence  a d v a n c e d  the fading level 
one s tep;  eve ry  f imrth e r ro r  within it single s equence  de- 
c r eased  the fading level one  step. A c o m p o n e n t  change  did 
not affect  the fading level. For  example ,  it" the subjec t  
f in ished the first faded- learn ing  c o m p o n e n t  at s tep five, the 
next  faded- learn ing  c o m p o n e n t  would re sume  with the fad- 
ing level at s tep five. For  each  of  the two acquis i t ion  compo-  
nen ts ,  d i f ferent  s e q u e n c e s  were  careful ly  se lected to be 
equ iva len t  in severa l  ways  and there  were  res t r ic t ions  on 
their  order ing across  sess ions  (of., [15]). 

The  data  for each  sess ion  were  ana lyzed  in t e rms  of  (a) 
the overal l  r e sponse  rate (total  r e sponses /min ,  exc lud ing  
t imeouts )  in each  c o m p o n e n t  and (b) the overal l  a ccu racy  or  
pe rcen t  e r ro rs  [ (errors ; total  r e sponses )  × 100] in each  com- 
ponen t .  In addi t ion  to these  measu re s  based  on sess ion  to- 
tills, wi th in -sess ion  changes  in r e spond ing  were mon i to red  
by a cumula t ive  recorder .  For  example ,  acquis i t ion  of  the 
r e sponse  sequence  in each  learning c o m p o n e n t  was  evi- 
denced  by a r educ t ion  in the f r equency  of  e r ro rs  as the ses- 
s ion progressed .  

l)rtt.~, t(',~titL~'. Before drug tes t ing  began,  the muhip le -  
schedule  base l ine  was s tabi l ized.  The  base l ine  was  consid-  
ered  s table  w h e n  the r e sponse  rate and  pe rcen t  e r ro rs  in each  
c o m p o n e n t  no longer  showed  sys temat ic  change  from ses- 
sion to sess ion.  Af ter  base l ine  s tabi l iza t ion  (30 to 40 ses- 
s ions) ,  dose-ef fec t  da ta  were  ob ta ined  for hero in  (3,6-dia- 
ce ty l -morph ine )  hydroch lo r ide ,  m e t h a d o n e  hydroch lo r ide ,  
I A A M  (I -a lpha-ace ty l -methadol )  hydroch lor ide ,  and cycla- 
zoc ine  (base)  in that  order .  Cyc lazoc ine  was d isso lved  in 
three  parts  of  8.5¢4 lactic acid and two par ts  I N sodium 
hydroxide .  Hero in ,  m e t h a d o n e ,  and I..AAM were  d i s so lved  
in ().~,i s teri le saline.  Drug and con t ro l  (sal ine or vehic le)  
in ject ions  were  g iven  IM (.~,luteu.s m . )  e i the r  15 min (heroin  
and cyc lazoc ine) ,  30 min (me thadone ) ,  or  60 min <LAAM) 
presess ion .  These  t imes  were  c h o s e n  on the basis  of  prelimi- 
nary  s tudies  c o n d u c t e d  in m o n k e y s  and /or  on  the basis  of  
previous ly  publ i shed  s tudies  12, 3, 17. 24]. The  volume of  
in ject ion for I+AAM was 0.2 ml/kg body weight ,  while for the 
o the r  drugs  it was 0.05 ml/kg body weight .  The  doses  <ex- 
p ressed  in the forms desc r ibed  above)  of  each  drug were  
tes ted  in a mixed order .  At least two weeks  of  base l ine  ses- 
s ions in t e rvened  be tween  the end of  a ser ies  of  in ject ions  
with one  drug  and the start  of  a ser ies  wi th  ano the r .  L A A M  
was admin i s t e red  only  once  it week on W e d n e s d a y ,  with  
cont ro l  in ject ions  on Tuesday .  For  the o t h e r  c o m p o u n d s ,  
drug sess ions  were  genera l ly  c o n d u c t e d  on T u e s d a y s  and 
Fr idays ,  with  con t ro l  in ject ions  on T h u r s d a y s .  At the  higher  
doses ,  howeve r ,  drug in ject ions  were  g iven  only once  a 
week.  

R ES U I . I S  

l:i~li'~t~ ~?I' Heroin 

The effects  of  hero in  on rate of  r e spond ing  and percent  
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FIG. I. Effects of varying doses of heroin on the overall response 
rate and percent errors in each component of the multiple schedule 
for each subject. The mean and range (vertical lines) ot"7 '+aline con- 
Irol sessions (C) are shown at the left of each dose-effecl curve. For 
each curve, the mean and range (vertical lines} for two determina- 
lions are shown. The data points shown without a range represent a 
single determination at Ihal dose or an instance in which the range 
was encompassed b~ the data poinl. For monkey F no data poinl is 
shown for percent errors in the learning component at the 0.32 mg, kg 
dose since virtually no responses were made. 

e r ro rs  in each  c o m p o n e n t  of  the mult iple  schedule  are shown  
for each  subject  in the dose-ef fec t  c u r v e s  of  Fig. I. In bo th  
m o n k e y s ,  hero in  p roduced  only dose - re la ted  d e c r e a s e s  in 
the overal l  rate of  responding.  While  M o n k e y  F t ended  to be 
slightly more  sens i t ive  to the r a t e -dec reas ing  effects  of  her- 
oin than  was Monkey  C, there  was little ev idence  that  hero in  
se lect ively  dec reased  ra tes  b e t w e e n  c o m p o n e n t s  of  the mul- 
tiple schedule  in e i the r  subject .  The  only ins tance  where  a 
se lec t ive  effect  on rate was clearly ev iden t  was  at the  0.056 
mg/kg dose  in Monkey  F. In each  of  the th ree  c o m p o n e n t s  of  
the mult iple schedu le  heroin had no effect  on pe rcen t  e r ro r s  
excep t  at those  doses  which  also p roduced  subs tant ia l  de- 
c reases  (i .e. ,  less than  20 r e sponses  per  min) in the overal l  
rate of  r e spond ing  in that  same c o m p o n e n t .  This  was  gener-  
ally true for bo th  monkeys .  For  example ,  in Monkey  F the 
0.056 mg/kg dose  increased  e r ro rs  and dec rea sed  rate in the 
learn ing  c o m p o n e n t .  In the faded learn ing  and pe r fo rmance  
c o m p o n e n t s  this  same dose  p roduced  small  dec rea se s  in re- 
sponse  rate but had no effect  on er rors .  Higher  (+loses 
(0.32-0.56 mg/kg) of  heroin  dec rea sed  rate and increased  
e r ro rs  in each  c o m p o n e n t  of  the mult iple  schedule  in bo th  
monkeys .  In s u m m a r y ,  hero in  general ly  increased  percent  
e r ro rs  only  at those  doses  which  p roduced  large dec rea se s  in 
r e sponse  ra te ;  at lower  doses  rate was genera l ly  dec reased  
while  accu racy  was unaffec ted .  
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FIG. 2. Cumulative response records for monkey C showing the pattern of respond- 
ing during a control session tsaline) which approximated the mean t\)r both percent 
errors and response rate, and during two sessions preceded b) injections of heroin. 
The learning (I.L pertk~rmance (I)) and faded learning (FI.) components occurred in 
the same order throughout the session. The rest+xmse pen stepped upward v+ith each 
correct respamse and was deflected downward each time the four-response sequence 
was completed. Errors are indicated by the event pen. which v, as hem down during 
each timcout. A change in components of the multiple schedule reset the slepping 
pen. The event pen was also displaced downward during the dela3, thal separated a 
component change. Due to an apparatus failure, the components did not change on 
the basis of time on two occasions in the lower records. The arrow in the bottom 
record indicates a period of approximately 6.5 rain which was omitted and during 
which no responses were made. 

A cumula t ive  r e sponse  record  for a sess ion  which  was 
p receded  by a saline in ject ion is shown  for Monkey  C at the 
top  of  Fig. 2. The  sess ion  began in the  learning c o m p o n e n t  
I+l.), then  changed  I(5 the per f i ) rmance  c o m p o n e n t  (P), which  
was then  fol lowed by the faded- lea rn ing  c o m p o n e n t  (F[.) .  
This  o rde r  (L-P-FL)  was the same t h r o u g h o u t  the sess ion.  
No t i ce  that  the g rea tes t  n u m b e r  of  e r ro rs  (even t  pen) oc- 
cu r red  in the learn ing  c o m p o n e n t  and  the  fewes t  in the  per- 
f o rmance  c o m p o n e n t .  A l though  er rors  d e c r e a s e d  as the ses- 
s ion p rogres sed  in bo th  the learning and faded- lea rn ing  com- 
ponen t s ,  fewer  e r ro rs  were  made  in acqui r ing  the s equence  
wi th  the fading p rocedure .  By the end  of  the sess ion  (last 
three  e x c u r s i o n s  of  the r e sponse  pen),  the ra tes  of  cor rec t  
r e spond ing  in each  of  the  three  c o m p o n e n t s  were  similar.  
t hough  a few e r ro r s  still occu r r ed  in the learning compo-  
neut .  In c o m p a r i s o n  to saline,  the major  effect  of  the 0.1 
mg/kg dose  of  heroin  was to dec rease  overal l  rate of  respond-  
ing. As can  be seen  in the cumula t i ve  record ,  this  was  
pr imari ly  due to sporadic  pauses  in r e spond ing  which  oc- 
cur red  in each  of  the c o m p o n e n t s  of  the mult iple schedule .  
As is also ev iden t  in the cumula t ive  record ,  this same dose  
had little effect  on the  wi th in -sess ion  d i s t r ibu t ion  of  e r rors .  
' ] h e  d i s rup t ive  effects  of  hero in  on resl:xinding were  more  
p r o n o u n c e d  at the  0.32 mg/kg dose  ( lower  recordsL In com- 
par i son  to the 0.1 mg/kg dose,  the f r equenc~  o f  pauses  in 
r e spond ing  was increased .  In addi t ion ,  in c o m p a r i s o n  to the 

saline record  the local rates  of  cor rec t  r e spond ing  were also 
dec reased  in each  of  the c o m p o n e n t s  and  the wi th in-sess ion  
d is t r ibut ion  of  e r ro rs  was also affected at this dose.  In the 
learning c o m p o n e n t  the f requency  of  e r rors  was increased  
dur ing  the first two cycles  of  the mult iple schedule .  Note  
that in bo th  the learning and t iMed-learning c o m p o n e n t s  
there  were ins tances  where  the subjcct  would comple te  sev- 
eral s equences  wi thout  an er ror ,  as if the s equence  had been  
acquired .  This  cohes ive  run of  cor rec t  r e sponses  would then 
abrupt ly  change  to a pa t te rn  of  r e spond ing  where  e r rors  
again p redomina ted .  This  biphasic  pa t te rn  of  r e spond ing  is 
most  ev iden t  in the first learning c o m p o n e n t  that  is shown in 
the bo t tom record  of  Fig. 2. T h o u g h  the doses  varied 
slightly,  the wi th in -sess ion  effects  (5t" heroin  were similar for 
Monkey  F. 

l';J]~'('t~ o t J l e U m d ,  m e  

Genera l ly ,  the effects  of  m e t h a d o n e  on overal l  rate of  
r e spond ing  and percen t  e r rors  were similar  to those  of  her- 
oin. These  data  are shown  in Fig. 3. In bo th  subjects ,  re- 
sponse  rate in each  c o m p o n e n t  of  the multiple schedule  de- 
c reased  with increas ing  doses  of  me thadone .  The re  was little 
ev idence  of  se lec t ive  ra te -decreas ing  effects  be tween  com- 
p o n e n t s  of  the mult iple schedule  in e i the r  monkey .  Like 
heroin ,  at the lower  doses  m e t h a d o n e  dec reased  re sponse  
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rates but had no effect on percent errors in any of the 
schedule components.  The small increase in errors in the 
learning component for Monkey C ~,t the 0.32 mg/kg dose 
constitutes the single exception to this finding. At the higher 
doses ( 1 and I.`8 mg/kg) percent errors in any given compo- 
nent of the multiple schedule wcrc increased only when re- 
sponse rate in that same component was substantially de- 
creased (20 responses/rain). For example, at the I mg/kg 
dose in Monke~ F. response rate was decreased and errors 
increased in the learning component. In the faded learning 
and performance components, however, the rate-decreasing 
effects of methadone were attenuated and percent errors 
were unaffected. The highest dose tested (I.8 mg/kg) 
produced large decreases in response rate and increased per- 
cent errors in each component in both monkeys. 

The effects of methadone on the within-session pattern of  
responding are shown for Monkey C in Fig. 4. In comparison 
to saline the I mg/kg dose of methadone produced sporadic 
pauses in responding, primarily in Ihc learning and perform- 
ante components. This pattern of sporadic pausing is simik, r 
to thai obtained with heroin at intermediate doses (tee Fig. 2, 
0.1 mg, kg). As was stated previously (tee Procedure), when 
the subject completed the four-response sequence the stimuli 
over the levers were turned off and a green pilot lamp under 
the fo¢~ lever was illuminated. This lamp signalled food 
availability since when it was illuminated a press on the food 
lever operated the pellet dispenser. While the green " ' food" 
lamp was illuminated, the stepping pen on the cumulative 
recorder was deflected down. Note that many of the pauses 

in responding produced by methadone occurred in the pres- 
ence of this stimulus. For example, in the first cycle of the 
multiple schedule, most of the pauses in responding during 
the performance component occurred in the pretence of the 
tbod light. While the within-session distribution of errors in 
the faded-learning and performance components was gener- 
ally unaffccted, there was, in comparison to saline, a small 
increase in errors at the beginning of each learning compo- 
nent. At the I.`8 mg'kg dose methadone virtually eliminated 
responding in each component during the first hour of the 
session. During approximately the last hour of the session 
(bottom recordL the rate of correct responding was de- 
creased in both the faded-learning and performance compo- 
nents, l.ittlc or no responding occurred during the learning 
component until the last cycle of the multiple schedule. Dur- 
ing this cycle, errors were increased substantially and there 
was virtually no indication of acquisition until nearly the end 
of the component where a slight acceleration in the rate of 
correct responding wa,; evident. Methadone produced 
similar within-session effects on both the distribution of er- 
rors and rate of responding (i.e., sporadic pausing) in Mon- 
key F. though this subject never paused in the pretence of 
the food stimulus. 

l:i~]bct.s r~f I,AA,ll 

The effects of LAAM on rate of responding and percent 
errors in each component of the multiple schedule are shown 
tk3r each subject in the dote-effect curvet  of Fig. 5. At low 
dotes I I-1 .'8 mg/kg) LAAM had no effect on lhe overall rate 
of responding in Monkey, F. Small ratc-increasing effects 
wcrc occasionally obtained in Monkey C at these doses. At 
the 3.2 and 5.6 mg,'kg doses, response rates in each compo- 
nent decreased in a dose-related manner in each subject. The 
effects of 1.AAM on accuracy (i.e.. percent errors) were vvr- 
table both between and within monkeys. In Monkey C, doses 
of 1.8 and 3.2 mg,'kg increased percent errors in the learning 
component. While these increases wcrc not accompanied by 
an~, substantial reductions in response rate in the same com- 
ponent, it should be noted that the increases in percent cr- 
ror,~ were relatively small and did not alwa3,s replicate. A 
similar effect can be seen, in a few instances, in the data of 
Monkey, F (e.g., I mg/kg dose). At the highest dose tested 
15.6 mg/kg) LAAM increased percent errors in each compo- 
nent of  the multiple schedule in each monkey. This effect 
was similar to those obtained with both heroin and 
methadone, in that the error-increasing effects were accom- 
panied by substantial decreases in the overall rate of re- 
sponding. At the higher doses each of the three drugs 
produced comparable rate-decreasing effects. However.  in 
both monkeys the maximum increase in percent errors 
produced b3, LAAM was less than that produced by either 
methadone or heroin. 

The within-session effects of I.AAM are shown for Mon- 
key C in Fig. 6. The 3.2 mg/kg dose of I.AAM decreased the 
overall rate of responding primarily bccause of sporadic 
pauses in responding during each of the three components. 
This effect is similar to that obtained with both heroin (Fig. 
2, 0.1 mg/kg) and methadone (Fig. 4. 1 mg/kg). Note that 
these pauses in responding occurred almost exclusively in 
the pretence of the green " ' food" light. In addition, the local 
rates of responding were also slightly decreased at this dose. 
Othcr than a small increase in the flequency of errors during 
the first learning component there was little effect on the 
within-session distribution of errors. At the 5.6 mg,'kg dose a 
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C) or 6 (monkey F) saline control sessions (C) are shown at the left 
of each dose-effect curve. For monkey F no data point is shown for 
percent errors in the learning component at the 5.6 mg/kg dose since 
virtually no responses were made. Other details are the same as in 
Fig. I. 

s imilar  effect  was  ev iden t  dur ing  the first hou r  of  the sess ion.  
During this  t ime sporadic  paus ing  occur red  primari l~ in the 
p re sence  of  the g reen  " f o o d "  light, while there  was little or  
no effect  on e i the r  the d is t r ibu t ion  or  f requenc~ of  er rors .  
Dur ing app rox ima te ly  the last hou r  of  the sess ion (bo t tom 
record)  the pauses  were  longer  and few r e sponses  were made  
o the r  than  those  which  occu r r ed  shor t ly  fol lowing a change  
in the c o m p o n e n t  of  the mult iple  schedule .  Based upon this  
f inding it would appea r  that  L A A M  may not have been  ap- 
p roach ing  its peak effect  until  approx imate ly  three  hours  
af ter  its inject ion.  Similar  wi th in-sess ion  effects  were  ob- 
ta ined in Monkey  F, though  again this subject  neve r  paused 
in the p re sence  of  the g reen  lamp. 

The  effects  of  var ious  doses  of  L A A M  were also investi-  
ga ted  24 hr fol lowing thei r  admin is t ra t ion .  In bo th  monkeys ,  
small  ra te - increas ing  effects  were  ev iden t  in the Icarning 
c o m p o n e n t  at doses  ranging from 1-3.2 mg/kg. Rate of  re- 
spond ing  in the o the r  c o m p o n e n t s  was  general ly  unaffected 
at these  same doses .  Similar ly,  these  doses  had virtually no 
effect  on accu racy  in any of  the c o m p o n e n t s .  The  5.6 mgikg 
dose ,  howeve r ,  p roduced  subs tant ia l  dec rea se s  in overal l  re- 
sponse  rate and inc reased  percent  e r rors  in each  c o m p o n e n t  
of  the mult iple schedule  in both  subjec ts .  In s u m m a r y ,  these  
data  suggest  that  at low to in te rmedia te  doses  11-3.2 mg,:kg) 
the  d i s rup t ive  effects  of  I ,AAM on the acquis i t ion  and per- 
fo rmance  of  a d i sc r imina t ion  are most  appa ren t  dur ing  the 
first 24 hr  fol lowing its admin is t ra t ion .  At higher  doses  15.6 
mg/kg), howeve r ,  these  d is rupt ive  effects  of  I ,AAM persis t  
and can  be easily de tec ted  af ter  24 hr <not shown) .  
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E[.l~,cts of Cycht:,<'inc 

The dose-ef fec t  c u r v e s  for cyc l azoc ine  are shown  for 
each  subjec t  in Fig. 7. In bo th  m o n k e y s  cych lzoc ine  
p roduced  only dose - re la ted  d e c r e a s e s  in overa l l  r e sponse  
rate.  For  M o n k e y  C, there  were  no sys temat ic  different ial  
r a t e -dec reas ing  effects  be tween  c o m p o n e n t s  of  the mult iple  
schedule .  In Monkey  F, howeve r ,  the grea tes t  rate- 
dec reas ing  effects  t ended  to occu r  in the learning compo-  
nent .  Cyc lazoc ine  also increased  percen t  e r rors  in a dose-  
related manner .  A se lec t ive  e r ro r - inc reas ing  effect  was  ob- 
ta ined in Monkey  F at the 32 /,tg/kg dose.  Er ro r s  were  in- 
c r eased  in the  learn ing  but not in the faded- lea rn ing  or  per- 
f i ) rmance c o m p o n e n t s .  At the highest  dose  tes ted  in each  
subjec t  e r rors  were increased  in each  c o m p o n e n t  of  the mul- 
tiple schedule .  Finally,  note tha t  in bo th  m o n k e y s  cer ta in  
doses  o f c y c l a z o c i n e  (e.g.,  Monkey  C, 100 p.g/kg; Monkey  F, 
32/xg/kg) inc reased  e r ro rs  in the learn ing  c o m p o n e n t s  while 
p roduc ing  smal ler  dec rea se s  in overal l  r e sponse  rate than did 
the o the r  drugs  tes ted.  

The  wi th in-sess ion  effects  of  cyc lazoc ine  for Monkey  C 
are shown  in Fig. 8. At the 56 /xg/kg dose ,  rate of  cor rec t  
r e spond ing  was slightly dec reased  in each  of  the compo-  
nents .  As is ev idenced  by the  cumula t ive  record ,  howeve r ,  
this  dose p roduced  no pauses  in responding ,  but r a the r  de- 
c reased  the local rate.  O the r  than a large increase  in the 
f i equency  of  e r ro rs  in the first learning c o m p o n e n t ,  this dose  
had little effect  on the wi th in-sess ion  d is t r ibu t ion  of  er rors .  
The  IO0 /xg/kg dose  of  cyc lazoc ine  p roduced  even  grea te r  
dec rea se s  in the  local rates  of  cor rec t  r e spond ing  but did not 
p roduce  any no t iceab le  pausing.  The  f r equency  of  e r rors  
was subs tant ia l ly  increased  in bo th  the  f i tded-learning and 
learn ing  c o m p o n e n t s  dur ing the first two cycles  of  the mul- 
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tiple schedule. There was virtually no evidence of acquisi- 
tion of the sequence in the learning component until the third 
cycle of the multiple schedule (bottom record). The within- 
session effects of cyclazocine in Monkey F were similar, 
though the doses varied slightly. The only instance of paus- 
ing in this subject was lbllowing the administration of the 56 
/zg/kg dose, where the subject failed to respond for approx- 
imately the first hour of the session. There was, however, no 
subsequent pausing once the subject began to respond. 

fn summary, the within-session effects of cyclazocine dif- 
fered from those produced by heroin, methadone, and 
I.AAM. At doses which produced approximately equivalent 
overall rate-decreasing effects (25-40 responses/min) heroin 
(Fig. 2, 0.1 mg/kg), methadone (Fig. 4, f mg/kg), and I.AAM 
(Fig. 6, 3.2 mg/kg) each produced sporadic pauses in re- 
sponding, while cyclazocine (Fig. 8, 56 and f00/a.g/kg) only 
decreased the local rates. In addition, at these same doses 
cyclazocine generally produced a larger error-increasing ef- 
fect and a greater disruption of the within-session distribu- 
tion of errors than any of the other drugs tested. 

I ) ISCtJSSION 

In general each of  the drugs tested produced only dose- 
dependent decreases in the overall rate of responding. These 
decreases occurred in each component of the multiple 

schedule: there was little evidence of differential rate- 
decreasing effects between components. "lhese data arc 
consistent with previous reports of the effects of these same 
drugs on rate of responding maintained under both simple 
schedules of food presentation and other discrimination pro- 
cedures [I, 2, 3, 4, 6, 11, 12, 14.22]. While the effect~ofeach 
of these drugs on overall rate of responding were essentiall} 
the same, there were some differences in terms of their 
effects of  the pattern of responding within the session. The 
mu agonists, heroin, methadone and I.AAM, each produced 
sporadic periods of pausing. Both the frequency and dura- 
tion of these pauses tended to increase with increasing doses 
of drug (Figs. 2, 4 and 6). These sporadic periods of pausing 
contributed substantially to the overall decreases in rate 
which were obtained with each of these drugs. In contrast, 
the mixed agonist-antagonist cyclazocine produced no such 
pauses in responding: rather it decreased the local rates of 
correct responding (Fig. 8). 

The effect of heroin, methadone, and f.AAM on accuracy 
of responding also tended to differ from those of cyclazo- 
cine. fn general, heroin and methadone increased percent 
errors only at those doses which produced substantial de- 
creases in the overall rate of responding (i.e., when rate was 
decreased to 20 responses/rain or less). The effects of I.AAM 
on accuracy in the learning component were variable both 
between and within monkeys. Small increases in percent er- 
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mrs  were .  however ,  occasionall~ obtained.  In contrast ,  cy- 
c lazocine was found to produce large error- increasing effects 
in the learning componen i  at doses  which produced rela- 
t ively small ra te-decreasing effects.  These  same doses,  how- 
ever ,  generally had little or  no effect on accuracy in the 
faded-learning and performance  components .  

The results of  the present study are similar to those ob- 
tained with o ther  opioids in patas monkeys  responding under 
a multiple schedule of  repeated acquisi t ion and performance 
of  conditional discr iminat ions 1171. Under  this procedure  
monkeys  were required to respond on a right or  left lever  
depending upon the stimulus combinat ion (a color  and 
geometr ic  form) presented.  Reinforcement  of  a response in 
the presence of  one stimulus (the form) was condit ional  upon 
the other  st imulus (the color). One component  of  the multi- 
ple schedule was a repeated-acquis i t ion task where the dis- 
cr iminat ive stimuli for left- and right-lever responses  
changed each session (learningL In the o ther  component ,  the 
discr iminat ive stimuli were the same each session (perform- 
ancel.  The results obtained with the prototypical  mu agonist 
morphine were similar to those obtained in the present study 
with heroin and methadone.  Namely .  morphine produced 
dose-related decreases  in the overall  rate of  responding 
which were primarily a result of  sporadic periods of  pausing. 
Similarly, accuracy  was unaffected except  at the highest 
dose which produced a substantial decrease  in the overall  
rate of  responding [171. In contrast ,  c~clazocine  was found 
to disrupt accuracy of  the discr iminat ion in the learning 
component  in a dose-rehtted manner .  In comparison to mor- 
phine, the error- increasing effects of  cyclazocine  were ap- 
parent at doses  which produced much smaller  decreases  in 
overall  response rate. Fur thermore ,  as was observed  in the 
present study the decreases  in overall  rate of  responding 
obtained at low to moderate  doses  of  cyc lazocine  were at- 
tr ibulablc to a decrease  in the local rate o f  correct  respond- 
ing rather than to periods of  sporadic pausing. It could be 
argued that the mu agonist,, disrupted ;Iccur;.ic} ZlCI'OSN ~1 

wider  range of  doses  in the present study than in our previ- 
ous study [171. Apart from the fact that the particular mu 
agonists  invest igated differed be tween  studies, there were 
numerous  procedural  differences.  One such procedural  
difference which may account for this discrepancy is the use of  
a tandem versus a chain schedule procedure.  It is Ix~ssible that 
in monkeys  a tandem schedule is simply more sensitive to 
disruption by mu agonists than is a chain schedule because 
the discr iminat ive stimuli in the chain schedule at tenuate the 
disruptive effects  of  these drugs due to the relatively strong 
control the) exert  over  responding (cf., 1191). 

In addition to its pharmacological  actions as an 
antagonist ,  cyc lazoc ine  has also been reported to have 
agonist activity at the putativc sigma receptor  19]. It has been 
proposed that the discr iminat ive stimulus propert ies of  cy- 
c lazocinc and other  putative sigma agonists le.g. ,  SKF' 
10,047) may be mediated by a nonopioid mechanism of ac- 
tion, which also mediates  the action of  phencycl idine 17.81. 
For  example ,  in the monkey cyclazocine  and its d and / 
enant iomers  have been reported to possess discriminative 
stimulus propert ies similar to those of  phencycl idine 18251. 
Similarly, under both the tandem schedule procedure used in 
the present study and under the chain schedule used in our 
previous study 117]. the disruptive effects  of  cyclazocine  on 
responding in the learning componen t  are comparable  to 
those produced by phencyclidineJ15.161.  l h c s e  studies are 
consistent  with studies in vi tro which suggest that cycht- 
zocine and phcnc}cl idinc may bc acting at a distinct 
nonopioid binding site 118. 23, 26, 271. Moerschbaccher  and 
Thompson  1171 have proposed that in monkeys  putative 
sigma opioid agonists,  such as c~,clazocine, exert  a dose- 
dependent  disruptive effect on the accuracy of  a discrimina- 
tion, an action not shared by putative mu and kappa opioid 
agonists,  at doses  which produce approximately  equivalent  
rate-decrcasing effects.  While the cyclazocine  dose-effect  
curves  t\)r accun,c.~, obtained in the present stud} were 
steep, the data are generally consistent  with this notion. 
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