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MILAR K S AND L A DYKSTRA Effect3 of ketoc wlazocme alone and in comhmat:on with nalorone on ~chedule- 
ontrolled responding m ~qutrrel mon~e, ~ PHARMACOL BIOCHEM BEHAV 18(3) 395-400, 1983 - - A  multiple, fixed 

interval 5 minutes, fixed rauo 30, schedule of food presentation (Mult FI FR) was used to evaluate the effects of ketocy- 
clazocme, a r-receptor agomst, m four squirrel monkeys Two monkeys were mltmlly trained with l-minute time-out (TO) 
periods between the components of the multiple schedule and two monkeys were initially trained without these TO periods 
Ketocyclazoclne dose-response functions were determined for each monkey under their original training condmons and 
then the conditions were reversed and dose-response functions were re-determined under the new conditions Ketocy- 
clazocme consistently decreased rates of responding dunng the FR component of the multiple schedule under both TO and 
no TO condlUons Under the FI component, ketocyclazoclne's effects d~ffered dependent upon dose, conditioning hmtory, 
and the presence or absence of TO periods Intermedmte doses of ketocyclazocme (0 01-0 056 mg/kg) increased FI rates of 
responding under the no TO condition m monkeys originally trained under this condition, however, ketocyclazocme did not 
increase FI rates of responding under the no TO condition m monkeys originally trained under the TO condition Under the 
TO condition, intermediate doses of ketocyclazocme did not increase FI rates of responding High doses of ketocy- 
clazoclne (0 1 and 0 17 mg/kg) decreased FI rates of responding m all monkeys under both the TO and no TO condttlons 
Naloxone, an doses up to those which decreased responding when given alone, faded to antagomze completely the rate 
decreasing effects of ketocyclazoclne 

Ketocyclazoclne Schedule-controlled behavior Naloxone antagomsm Opmte receptors 

S I N C E  the  work  by  Mar t in  and  his a ssoc ia tes  [4,12] suggest-  
ing the  ex i s t ence  of  th ree  separa te  opia te  r ecep to r s - - /x ,  K, 
and  o - - - the re  have  been  a n u m b e r  o f  inves t iga t ions  des igned  
to cha r ac t e r i z e  these  r ecep to r s  physiological ly ,  phar-  
macologica l ly  and  behav io ra l ly  In these  s tudies ,  m o r p h i n e  
has  been  e x a m i n e d  as the  p ro to type  agoms t  for  t h e / z  recep-  
tor ,  k e t o c y c l a z o c m e  for  the  K r ecep to r  and  S K F  10047 for  
the  tr r e cep to r  [7,9] 

The  effects  o f  ke tocyc l azoc lne  can  be  d i s t inguished  f rom 
those  o f  m o r p h i n e  in a var ie ty  of  ways  F o r  example ,  al- 
t hough  ke tocyc l azoc l ne  shares  the  analges ic  p roper t i e s  of  
m o r p h i n e  in roden t s  [2], it does  not  p roduce  the  cha rac te r i s -  
tic Straul9 tall or  runn ing  In mice  seen  af te r  m o r p h i n e  admin-  
Is t ra t ion [9,12] Ke t ocyc l azoc l ne  ne i the r  supp re s se s  n o r  
prec ip i ta tes  m o r p h i n e  wi thdrawal  in m o r p h i n e - d e p e n d e n t  
m o n k e y s  [21] or  ch ron ic  spinal  dogs [12] It does  not  p roduce  
phys ica l  d e p e n d e n c e ,  no r  is it se l f -admin is te red  by  rhesus  
m o n k e y s  [21], m o r e o v e r ,  m o n k e y s  to le ran t  to ke tocy-  

c lazoc lne  do not  show cross  to l e rance  to morph ine  nor  do 
morph ine  to le ran t  m o n k e y s  show cross  to le rance  to ke tocy-  
c l azocme  [11] 

Squirrel  m o n k e y s  and  rats  t ra ined  to r e spond  differen-  
tially In the p r e s e n c e  of  morph ine  and  its in jec t ion  vehicle  do 
not  r e s p o n d  to ke tocyc lazoc lne  as if it were  morph ine  
[15,17] In con t ras t ,  p igeons  s imilar ly t ra ined  do r e spond  to 
ke tocyc l azoc lne  as if it were  morph ine  [8] Similar i t ies  be- 
tween  the  effects  of  ke tocyc lazoc lne  and  m o r p h i n e  on  re- 
spond ing  u n d e r  ope ran t  schedu les  of  food p r e sen t a t i on  have  
been  o b s e r v e d  in rats  [7] and  in rhesus  m o n k e y s  [1 l] I t  has  
been  sugges ted  tha t  the agonls ts  at  the  different  opia te  recep-  
tors  may  be d i s t inguished  on  the  basis  of  na loxone  or  nal- 
t r exone  a n t a g o n i s m  [7] For  example ,  whe reas  na loxone  an- 
t agonizes  the  effects  of  b o t h  m o r p h i n e  (/z agonls t )  and  
ke tocyc l azoc lne  (K agomst)  m ra ts  r e spond ing  u n d e r  a 
schedu le  of  food p resen ta t ion ,  the dose  of  na loxone  r eqmred  
to an tagon ize  ke tocyc lazoc lne  effects  is m u c h  h igher  than  
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the dose required to antagonize morphine's effects Further, 
the effects of SKF 10047 (tr agomst) are not antagomzed by 
naloxone [7] In rhesus monkeys, the weakness and sedation 
produced by ketocyclazocine is only partially and temporar- 
ily reversed by naloxone [21] In addition, although both 
ketocyclazoclne and morphine decrease rates of responding 
under a multiple schedule of food presentation m rhesus 
monkeys, ketocyclazoclne effects are more difficult to re- 
verse with naloxone than are morphine's [i 1] In the guinea 
pig ileum, naloxone is also less potent in antagonizing the 
effects of ketocyclazocme than the effects of morphine [10] 

We were interested in assessing the effects of ketocy- 
clazoclne on schedule controlled performance In squirrel 
monkeys and determining whether its effects on the charac- 
teristic rates and patterns of responding produced by 
schedules of reinforcement resemble the effects of mor- 
phine The effects of morphine in squirrel monkeys respond- 
mg under a multiple fixed interval (FI) 10-min, fixed ratio 
(FR) 30 schedule of food presentation have been examined 
prevmusly [5] In this sltuatmn, morphine generally de- 
creased rates of responding under both FI and FR compo- 
nents The rate decreasing effects of morphine were antago- 
nized by naloxone 

In the present study the effects of ketocyclazoclne are 
examined m sqmrrel monkeys responding under a multiple 
fixed interval, fixed ratio schedule of food presentation In 
addmon, naloxone antagonism of ketocyclazoclne effects on 
responding are investigated 

ME FHOD 

Atumal~ 

Four adult male squirrel monkeys (Satmtrt s~ turetts ) were 
reduced to 80% of their free-feeding weights Monkeys were 
housed individually and given Vttamm C either m tablet 
form or as fresh fruit, dady in conjunction w~th Purina Mon- 
key Chow sufficient to maintain them at 80% ad hb weight 
Water was continuously available m the home cage Mon- 
keys S-853 and S-856 had prewously received mepertdlne 
and naloxone under a multiple schedule of  food reinforce- 
ment Monkeys S-2 and S-8 had previously received a van- 
ety of  pharmacological agents under a shock titration 
schedule 

Apparatu~ 

Experiments were conducted w~th the monkey restrained 
by a waist lock in the seated position in a small primate 
cockpit The cockpit was enclosed in a ventilated, sound- 
attenuated chamber equipped with continuous white mask- 
mg noise The front panel of the chamber, facing the mon- 
key, contained a centrally located recessed key light and a 
response lever (BRS/LVE 121-05) mounted 8 5 cm below the 
key and which reqmred a force of 25-30 g to operate A food 
cup was located d~rectly below the lever for delivery of 190 
mg Noyes banana pellets Electromechanical programming 
and recording equipment were located in an adjacent room 

Prot  edure 

Monkeys performed under a multiple fixed ratio, fixed 
interval schedule (Mult FR FI) of food presentation Each 
sessmn began with a FI component signalled by a red 
stimulus light The first response that occurred after 5 min- 
utes had elapsed produced a banana pellet and initiated the 
FR component which was signalled by a white stimulus hght 

In the FR component the 30th response produced a food 
pellet and initiated the next FI component If the monkey did 
not make 30 responses within 90 sec during the FR compo- 
nent, the schedule changed to the FI component If the mon- 
key did not respond within 90 sec after 5 mm had elapsed 
during the FI component, the schedule changed to the FR 
component The experimental session consisted of 24 com- 
ponents, 12 FI and 12 FR In alternatmn Under a second 
condltmn, the same multiple schedule of food presentatmn 
was employed, except that 1-mln time-out (TO) periods 
separated the components During the TO periods, the 
chamber was dark and responding had no consequences 
The TO mampulation was Introduced after our obtained FR 
rates of responding were found to be lower than those ob- 
tained by other investigators [5] 

S-853 and S-856 were tramed lmtlally under the multiple 
schedule without TO periods and S-2 and S-8 were trained 
lmtially under the multiple schedule with TO periods 
Ketocyclazocme dose-response functions were determined 
for each monkey under the original training condltmns and 
then the condltmns were reversed and ketocyclazocme 
dose-response functions were re-determined under the new 
condltmns S-2 died from causes unrelated to the drug regi- 
men prior to completmn of the dose-response curve under 
the second multiple schedule condition (no TO), however 
avadable drug data are reported After dose-response curves 
had been obtained for ketocyclazoclne alone under the mul- 
tiple schedule with time out, the effects of selected doses of 
ketocyclazocme were re-determined in the presence of 
naloxone 

Pharnta~ ologt¢ al Pro~ e d m c  

A stock solution of 0 3 mg/cc of ketocyclazocme was 
made by dissolving the drug m 8 5% lactic acid and somcat- 
ing the solution m a warm water bath One N NaOH was 
added to adjust the pH to approximately four The ratio of 
lactic acid to NaOH was 3 2 m the vehicle Doses of 0 17, 
0 10, 0 056, 0 03, 0 01 0 003, and 0 001 mg/cc were made by 
successive dilutions of the stock solution with the vehicle 
Ketocyclazocme was administered intramuscularly m the 
thigh 10 mm prior to the experimental session in an injection 
volume of 1 cc/kg body wexght Naloxone HCI was dissolved 
m distilled de-ionized water also for an rejection volume of I 
cc/kg On days for which double mjectmns were scheduled, 
one mjectmn was given m each thigh 10 mm prior to the 
session Drugs were administered in ascending or descend- 
mg order on Tuesdays and Fridays with Thursdays serving 
as a non-rejection control day Unless otherwise specified, 
each monkey received at least two admmlstratmns of each 
dose and 3 to 5 vehicle injections during each behavioral 
procedure 

Data Anal~ sts 

Overall rates of responding during the experimental ses- 
sion were calculated separately for fixed ratio and fixed 
interval components Performance under drug conditions 
was expressed as a percent of response rate on the preceding 
non-rejection control day In addition, the number of re- 
sponses that occurred m successive 30-sec intervals or 
'bins" of the FI 5 mm were cumulated over the session and 

rates of responding m each bin were calculated for each ses- 
sion 
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RESULTS 

Table 1 presents the rates of responding for individual 
monkeys under each component of the multiple schedule for 
both experimental procedures The addition of TO periods 
between the FI and FR components resulted m higher rates 
of responding during the FR for all monkeys Three of the 
four monkeys responded at lower rates during the FI com- 
ponent under the TO procedure than under the no TO proce- 
dure 

Ketocyclazoclne dose-effect curves for responding under 
the multiple FI 5-mln, FR 30 schedules (with and without TO 
between components) are shown for lndlwdual monkeys in 
Fig I Vehicle injections produced httle or no change in 
responding under either of the multiple schedule condmons 
Ketocyclazocine produced a dose related decrease In FR 
rates of responding under both the TO and no TO conditions 
Generally, higher doses of ketocyclazocme were required to 
decrease fixed ratio rates of responding when a TO was be- 
tween components For example, responding during the FR 
component was reduced to less than 12% of control rates of 
responding following 0 1 mg/kg of ketocyclazocme in the no 
TO condition for all monkeys Comparable rate decreases 
occurred only following 0 17 mg/kg of ketocyclazoclne under 
the TO condition (see Fig l) 

The effects of ketocyclazocine on rates of responding dur- 
ing the FI component depended on whether or not the TO 
condition was in effect and whether the monkeys had been 
examined under the TO condition first or second In mon- 
keys S-853 and S-856, which were lnltmlly trained without a 
TO between components of the multiple schedule, ketocy- 
clazocme increased FI rates of responding at doses between 
0 01 and 0 056 mg/kg Rate increases ranged from 30 to 100% 
of control rates of responding When the dose-effect curve 
was re-determined in these monkeys with a TO between 
components, ketocyclazoclne did not increase FI rates of 
responding In monkeys S-2 and S-8, which were initially 
trained with a TO between components of the multiple 
schedule, ketocyclazoclne generally decreased rates of re- 
sponding under both multiple schedule condlhons At very 
low doses (0 003 and 0 01 mg/kg) ketocyclazoclne increased 
FI rates of responding only under the TO condmon The 
maximum rate-increasing effect observed, however, was a 
14% increase in responding for monkey S-8 at 0 003 mg/kg 
Rate Increases were not observed under the no TO condmon 
for either S-2 or S-8 In addition, rates of responding during 
the FI component were decreased by lower doses of 
ketocyclazoclne under the multiple schedule with no TO 
than with TO (see Fig 1) 

Ketocyclazoclne-lnduced increases in rate of responding 
under the no TO condmon were further investigated by ex- 
amining response rates in each 30-sec bin of the FI compo- 
nent following vehicle and a dose of 0 03 mg/kg ketocy- 
clazoclne This dose of ketocyclazoclne increased rates of 
responding in the monkeys which were Initially trained under 
the no TO condition, but did not increase rates of responding 
in monkeys which were initially trained under the TO condi- 
tion All monkeys showed the typical FI pattern of respond- 
ing following vehicle Injections, 1 e , rates were low early in 
the interval and gradually increased later m the interval In 
those monkeys (S-2 and S-8) for which ketocyclazocine did 
not Increase rates of responding, the high rates of responding 
which occurred at the end of the fixed interval were de- 
creased by the drug In those monkeys (S-853 and S-856) for 
which ketocyclazoclne increased rates of responding during 

TABLE 1 
MEAN RESPONSES/SEC (_+S E ) DURING H AND FR COMPONENTS 
OF MULTIPLE SCHEDULES WITH TIME OUT (TO) AND WITHOUT 

TIME OUT (no TO) FOR INDIVIDUAL MONKEYS 

FR F! 

S-853 no TO 0 722 -- 0 049 0 071 ± 0 008 
TO 1 52 - 0 0 8  0049±0004  

S-856 no TO 0 943 ± 0 035 0 312 ± 0 019 
TO 1 77 ± 0 126 0272 ± 0018 

S-2 no TO 1 13 ± 0046 0269 ± 001 
TO 1 57 ± 0059 0247 ± 00 l l  

S-8 no TO 1 62 ± 0049 0896± 003 
TO 233 ± 0059 1 22 ± 0043 

the FI component, the drug-induced increases were primar- 
ily due to initiating responding earlier in the Interval and 
responding at a slightly higher rate throughout the interval 

Figure 2 shows the effects of the two highest doses of 
ketocyclazocine alone and in combination with two doses of 
naloxone under the TO condition for all monkeys The 1 0 
mg/kg dose of naloxone had no effect on FI rates of respond- 
ing but decreased FR rates of responding slightly In con- 
trast, 3 0 mg/kg of naloxone produced a rate decrease of 
approximately 30% for both FR and FI response rates when 
administered alone A dose of 1 0 mg/kg naloxone effectively 
antagonized the rate-decreasing effects of 0 l mg/kg ketocy- 
clazocine but did not antagonize the effects of 0 17 mg/kg 
ketocyclazoclne The 3 0 mg/kg dose of naloxone did not 
antagonize the effects of either dose of ketocyclazoclne 

DISCUSSION 

Ketocyclazocine consistently decreased rates of respond- 
lng under the FR component of a multiple schedule of food 
presentation under both TO and no TO conditions Under 
the FI component, ketocyclazocine's effects differed de- 
pendent upon conditioning history and the presence or ab- 
sence of a TO between schedule components Intermediate 
doses of ketocyclazoclne increased FI rates of responding 
under the no TO condition in monkeys Initially trained under 
this condition, however, in monkeys initially trained under 
the TO condition and then re-trained under the no TO condi- 
tion. these doses of ketocyclazoclne did not increase FI rates 
of responding 

The effects of ketocyclazocine under the TO condition 
resemble the effects of morphine in sqmrrel monkeys re- 
sponding under a multiple FI 10-mln FR 30 schedule of food 
presentation with 1-mln TO periods between components in 
that both morphine and ketocyclazoclne produced dose- 
related decreases in rates of responding dunng both compo- 
nents of the multiple schedule [5] In the Goldberg study, a 
single low dose of morphine increased rates of responding 
under the FI component by approximately 40% in 2 of the 8 
monkeys examined In the present study, low doses of 
ketocyclazoclne only slightly increased rates of FI respond- 
lng in the two monkeys originally trained under the TO con- 
ditlon The effects ofketocyclazocine and morphine on rates 
of responding dunng the FI component were different for 
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FIG 1 Mean percent of control respondmg for FR and FI components as a lunctlon 
of ketocyclazocme dose and vehicle mjecnons (V) m mdlwdual monkeys Closed 
circles represent performance under the no TO condition and open c~rcles represent 
performance under the TO condmon S-853 and S-856 were mmally trained under the 
no TO condlnon S-2 and S-8 under the TO condition Asterisks indicate only 1 
determination obtained at that dose 

m o n k e y s  originally t r a m e d  u n d e r  the  no TO c o n d m o n ,  how- 
eve r  Ke tocyc l azoc lne  marked ly  inc reased  FI  ra tes  of  re- 
sponding  o v e r  a b road  dose  range  in the  no  TO c o n d l n o n  for  
the  2 m o n k e y s  original ly t ra ined  unde r  this condi t ion  

It may  be tha t  the  ke tocyc l azoc lne - lnduced  rate Increases  
m the no TO c o n d m o n  for  m o n k e y s  original ly t ra ined  unde r  
this  c o n d m o n  are a resul t  of  an  in te rac t ion  b e t w e e n  the FR 
and  FI  c o m p o n e n t s  The  ab rup t  t rans i t ion  f rom the  rem- 
f o r c e m e n t  r ich FR schedule  to the  re la t ively  lean FI  schedule  
may p roduce  a type  of  r e sponse  suppres s ion  that  con t r ibu te s  
to the  pause  at  the  beg inning  of  the  fixed in terval  c o m p o n e n t  
If  ke tocyc lazoc lne  e h m m a t e s  this  suppress ion ,  the  pause  
would be sho r t ened  and  r e sponse  ra te  would  be inc reased  
The  addi t ion of  a TO b e t w e e n  c o m p o n e n t s  should  d iss ipate  

this  schedule  m t e r a c n o n  Unfor tuna te ly ,  no da ta  on  pause  
length  were  col lec ted,  a l though  the  rate by FI  bin analys ts  
did show tha t  doses  of  k e t o c y c l a z o c m e  which  increased  
ra tes  of  responding ,  dec rea sed  pause  length 

Al though  ke tocyc lazoc lne  Increased  re spond ing  under  
the  no  TO c o n d m o n  for  m o n k e y s  mltmlly t ra ined  unde r  th~s 
condi t ion ,  ~t did not  inc rease  FI  rates  of  r e spond ing  under  
the  no TO condi t ion  in m o n k e y s  mmal ly  t ra ined  unde r  the 
TO c o n d l n o n  and  re- t ra ined  u n d e r  the no TO c o n d t n o n  
Schedule  in te rac t ion  effects  m the  no TO c o n d l n o n  could 
have  been  e h m m a t e d  by the  TO c o n d l n o m n g  hts tory  Alter-  
na t ively ,  g rea te r  expe r i ence  with the  no TO c o n d l n o n  may 
be  n e c e s s a r y  before  ra te  inc reases  are o b s e r v e d  The  two 
m o n k e y s  original ly t ra ined  wi th  no  TO had an ex tens ive  his- 
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FIG 2 Mean percent of control responding (_+S E ) in FR and FI 
components for four monkeys under the TO condition Open trian- 
gles represent I 0 mg/kg of naloxone alone and in combination w~th 
ketocyclazoclne, closed trmngles represent 3 0 mg/kg of naloxone 
alone and in combination with ketocyclazoclne Closed circles rep- 
resent ketocyclazoclne alone 

tory  of  r e spond ing  on this  schedu le  A l though  drugs  were  not  
a d m l m s t e r e d  to m o n k e y s  o n g m a l l y  t r a m e d  wi th  TO unti l  
r e spond ing  had  s tabi l ized u n d e r  the  no  TO c o n d t t m n ,  the i r  
expe r imen t a l  h i s tory  wi th  no  TO was cons ide rab ly  less t han  
the  o the r  two m o n k e y s  In rats ,  condi t ion ing  h i s to ry  has  
been  s h o w n  to inf luence  con t ro l  ra tes  of  r e spond ing  u n d e r  an  
FI  schedule  of  food p r e s en t a t i on  as well as the effects  of  
d - a m p h e t a m i n e  [18] In te res t ing ly ,  con& t i on l ng  h i s to ry  did 
not  a l te r  cont ro l  ra tes  no r  drug  effects  in ra ts  r e s p o n d i n g  
unde r  a VI schedule  o f  food p re sen t a t i on  [14] Cond i t ion ing  
h is tory  has  a lso been  s h o w n  to a l te r  drug r e s p o n s e  wi thou t  
c o n c o m i t a n t  a l te ra t ion  in con t ro l  ra tes  of  r e spond ing  m 
squirre l  m o n k e y s  r e spond ing  u n d e r  p u n i s h m e n t  [I] and  es- 

cape  schedu les  [16] F u r t h e r  e x p e r i m e n t s  wi th  a larger  
n u m b e r  of  sub jec t s  in each  sub-g roup  are  n e c e s s a r y  to 
va l ida te  this  o b s e r v a t i o n  on  the  mf luence  o f  cond i t ion ing  
h is tory  and  the  o b s e r v e d  ra te  mcrease s  on  FI  r e s p o n d i n g  

K e t o c y c l a z o c m e  and  m o r p h i n e  exe r t  s imilar  effects  u n d e r  
some behav io ra l  c o n d i t m n s  (e g , [7,1 l]) and  di f ferent  effects  
u n d e r  o t h e r  behav io ra l  cond i t ions  (e g , [19,20]) m a k m g  tt 
difficult  to d i s t inguish  di f ferent  opia te  r ecep to r  ac t iv i ty  on  
the  bas is  of  d r u g - b e h a v i o r  in te rac t ions  a lone  Dif ference  in 
r ecep to r  ac t iv i ty  are impl ica ted  h o w e v e r  by  the  fact  tha t  the  
effects  of  morph ine  are more  readi ly  a n t a g o m z e d  by  
na loxone  than  are  the  effects  of  ke tocyc l azoc lne  F o r  exam-  
ple, in sqmrrel  monkeys  r e spondmg unde r  a multiple schedule  
o f  food p re sen ta t ion ,  0 1 mg/kg na loxone  comple te ly  antag-  
on ized  d e c r e a s e d  ra tes  o f  r e spond ing  w h e n  r e spond ing  had  
been  r educed  to less t han  20% of con t ro l  ra tes  by  m o r p h i n e  
admin i s t r a t i on  [5] In the p r e sen t  s tudy,  na loxone  did not  
an tagon ize  the  effects  of  a dose  of  ke tocyc lazoc Ine  which  
d e c r e a s e d  ra tes  of  r e spond ing  to less than  20% of  con t ro l  
a l though  a n t a g o m s m  of  a lower  dose  of  the  drug was ob-  
ta ined  Similar ly,  the  dose  of  na loxone  requi red  to an tago-  
nize the  effects  o f  k e t o c y c l a z o c m e  m rats  r e spond ing  u n d e r  a 
FI  5 mln schedule  o f  food p re sen ta t ion ,  was  m u c h  h igher  
than  the  dose  requi red  to a n t a g o m z e  m o r p h i n e ' s  effects  [7] 
Fu r the r ,  L lewel lyn  [11] found  tha t  the  effects  of  ke tocy-  
c l azocme  in rhesus  m o n k e y s  r e spond ing  u n d e r  a mult iple  
schedu le  of  food p r e sen t a t i on  were  more  difficult  to antago-  
nize  with na ioxone  t han  were  s imilar  effects  o f  morph ine  

In s u m m a r y ,  k e t o c y c l a z o c i n e ' s  effects  on r e spond ing  
u n d e r  a mult iple  schedule  of  food p resen ta t ion  r e sembled  the  
effects  of  m o r p h i n e  u n d e r  the  FR c o m p o n e n t  of  this  
schedule  U n d e r  the  FI  c o m p o n e n t ,  c o m p a n s o n s  be tween  
ke tocyc l azoc lne  and  m o r p h i n e  were  more  difficult  to make  
s ince k e t o c y c l a z o c l n e ' s  effects  differed d e p e n d e n t  on condi-  
t ioning h is tory  Neve r the l e s s ,  na loxone  was clear ly less po- 
t en t  In an t agon l zmg  k e t o c y c l a z o c m e ' s  effects  than  it was in 
an tagon iz ing  m o r p h i n e ' s  effects  u n d e r  s imilar  condi t ions  [5] 
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