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PAULE, M G AND G R WENGER Morphine discrimination m the plgeon usmg a color tratkmgprocedure PHAR- 
MACOL BIOCHEM BEHAV 24(3) 597-604, 1986 --Pigeons were trained to dlscnmmate 5 0 mg/kg morphine from sahne 
After morphine, subjects tracked the location of red response keys and after sahne, the locatmn of green keys When 
stimulus generahzatlon to other drugs was investigated d/-methadone produced morphlne-hke respondmg and this response 
generahzatmn was primarily due to the l-isomer Pretreatment w~th 1 0 mg/kg naloxone shifted the morphme generahzatmn 
curve 10-fold to the right but only shifted the rate suppression curve 3-fold to the right d/-Cyclazocme generated dose- 
related increases in responding on the red key location and m 3 of 5 birds, responses after 1 0 mg/kg were mdmtmgmshable 
from those after morphine training doses Mependme did not produce responding on the red keys, nor did dmzepam, 
cocaine, d-amphetamme, phencychdme or pentobarb~tal The discriminative stimulus effects of morphine are thus stereo- 
selective and pharmacologically specific Generahzatmn of responding to dl-cyclazocme but not to phencychdme suggests 
that the morphme-hke d~scnmmat~ve dl-cyclazocme cue was not due to interaction at sigma opmte receptors 

Drug dlscnmmatmn Opmte dlscnmmatmn Morphine discrimination 
Key peck Food reinforcement P~geons 

Color tracking procedure 

SINCE the first demonstration that drugs can serve as stlm- 
uh that control behavmr [7] numerous investigators have 
studied the discriminative stimulus properties of drugs (e g ,  
[11, 24, 30, 44]) It has even been suggested that drugs be 
classified according to their discriminable effects [1] Many 
investigations involving drug discriminations have been par- 
tlcularly concerned with the elucidation of  the nature of 
'opiate '  dlscnminattve stlmuh [8, 26, 36, 38] and reviews on 
the subject have been published [2, 9, 13] 

Typically, drug discrimination procedures require that the 
experimental animal discriminate between a drugged state 
and a non-drugged state or between two drugged states 
Such discriminations are evidenced by the occurrence of  one 
behavior in the drugged state and the occurrence of another 
behavior in the non-drugged state or the other drugged state 
A frequently used design for these experiments has utlhzed 
reinforcement of responses at one posmon m the presence of 
a drug and at another posltlon m the absence of  the drug [25, 
33, 42, 45] 

With such procedures, the delivery of a reinforcer at one 
position can serve as a cue concerning which response posi- 
tion will be reinforced on subsequent trials [21] Such refor- 
mation is independent of the stimulus control engendered by 
the drug state under study Furthermore, it has been shown 

that m tests of stimulus generahzatlon (i e ,  tests to deter- 
mme if other drugs or other doses of the training drug 
produce responding similar to that noted after admlmstratlon 
of the training drug), certain drugs can Induce position re- 
sponding 0 e ,  responding exclusively to the left or right 
positions [22]) Such drug-reduced position responding might 
confound interpretation of generalization data in procedures 
that utilize position responding as a criterion for drug dis- 
crimination 

To circumvent such problems, a color-tracking procedure 
has been developed in which the experimental subjects track 
the location of one color in the drugged state and another 
color in the non-drugged state [20,21] Subjects make observ- 
ing responses (responses to a white center key) that ran- 
domly vary the location of the colors on the side keys and a 
second-order schedule [15] is used to generate large amounts 
of behavior before any cues are provided by the reinforcer 

Morphine, which has been shown to function as a dis- 
criminative stimulus In squirrel monkeys [29, 36, 38], rats 
[ l l .  26, 28, 33], and pigeons [8, 35, 39, 45] served as the 
training drug The purpose of  the present investigation was 
to begin pharmacological characterization of the morphine 
discriminative stimulus in pigeons under a color-tracking 
procedure by determining response generalization to other 
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the 1983 FASEB meetings m Chicago [25] 
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opiold (meperidIne, methadone, cyclazoclne, naloxone) and 
non-oploid (dlazepam, cocaine, amphetamine, phencychdine, 
pentobarbital) compounds 

M E T H O D  

Subjet t~ 

Five experimentally naive male White Carneaux pigeons, 
7 to 8 years old and weighing 500 to 570 grams at the begin- 
ning of these experiments were used The birds were food 
deprived to and maintained at approximately 80% of these 
initial weights throughout the experiments Water and oyster 
shell grit were available ad lib m their home cages 

Apparatu~ 

A pigeon test cage (Gerbrands model G-7313) equipped 
with three response keys arranged honzontally served as the 
experimental chamber The chamber was enclosed inside a 
sound and hght-attenuatmg enclosure (Gerbrands model 
G-7211) For auditory feedback, a small relay mounted on 
the chamber operated with each effective (0 05 N minimum 
force) key peck Househghts (two 28 volt-DC bulbs, No 
1819) illuminated the experimental chamber during the ses- 
sion except during feed cycles when only the grmn hopper 
was illuminated White noise was supplied continuously to 
the room housing the behavioral chambers and enclosures 

Training Pro( edurc 

The training procedure was similar to that described pre- 
viously for birds trained to duscnmmate phencychdine from 
saline [21] Briefly, pigeons were trained to eat from the 
lighted grain hopper after pecking the center response key 
when it was transdlummated with a white light Each peck 
produced an 8-sec access to graan Once center key respond- 
ing was established, the reinforcement requirements were 
changed so that a peck on the center white key extinguished 
the center key and transdlummated one of the two side re- 
sponse keys with a green light Pecks on the green key 
produced food Pecks on the darkened center or side key had 
no programmed consequences The location of the green 
side keys varied randomly after each response on the hghted 
center key After several sessions (one session per day, 
Monday through Fnday), pigeons were injected IM 15 min- 
utes prior to the next session with 1 0 mg/kg methadone 
hydrochloride (1 ml/kg volume) After methadone injections, 
pecks on the white center key extinguished the center key 
and randomly transllluminated one of the two side keys with 
a red light Pecks on the red key produced food After sev- 
eral sessions, IM saline injections (1 ml/kg volume) were 
made 15 mm prior to sessions in which the green side key 
was randomly presented and reinforced Saline sessions and 
methadone sessions were mixed such that neither substance 
was administered for more than 2 consecutive sessions 

The reinforcement requirements were increased dunng 
these sessions so that after a single observing response (one 
peck to the center white key-FR1), five responses (FR5) to 
the lighted side keys were required for food magazine opera- 
tlon Reinforcement contingencies were increased further 
such that the final schedule required the completion of 15 
observing responses, each one followed by 5 responses to 
the correct lighted side keys prior to reinforcement 

During the next sessions, pecks on the center observing 
key extinguished the center key and transllluminated both 
side keys, one with a red light and one with a green light 
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FIG 1 Dose-response curves for morphme and repeated saline 
admlmstratlons Repeated saline reJections were made to control for 
the effects of repeated injections m the cumulative-dosing proce- 
dure Abscissa represents actual doses administered per injection 
(not total dose given) m the cumulative-dosing procedure Data are 
presented as averages_+S E "s calculated for data from 5 birds ex- 
cept where noted (n) Data at C represent values obtained from 
control days (Wednesdays and Thursdays only) for the weeks during 
which the dose-response data were collected Upper point repre- 
sents data obtained after the trmmng dose of 5 0 mg/kg morphine 
Lower point represents data obtained after sahne administrations 
Dose response data for the first morphine and the repeated saline 
administration dose-response curves were obtained from single ob- 
servations m each bird at the beglnmng of this study The second 
morphine dose-response curve was determined similarly approx- 
imately 8 months later 

Positions of the colored side keys again vaned randomly 
after each peck on the center key Pecks on the green key 
produced food if the pigeon had received saline or no injec- 
tion prior to the session and pecks on the red key produced 
food if the pigeon had received methadone hydrochloride 
pnor  to the session Completed ratios (FR5's) on the incor- 
rect key redlummated the center white key to initiate another 
trial (FR5) The food magazine operated only after the com- 
pletion of 15 FR5's on the "co r rec t "  side key Thus, pnor to 
the first reinforcement of each session, a minimum of 75 
responses to one key color had been made Training sessions 
continued for 60 rain or until 15 re,nforcements had been 
presented During the subsequent 6 or more weeks, little or 
no control over responding was demonstrated by methadone 
or saline injections (l e , the color ' tracked'  was not related 
to the substance injected) and therefore the "training" drug 
was changed to morphine (1 8 mg]kg, IM) Extensive train- 
ing with this and a higher (2 5 mg/kg) dose of morphine (40 
and 4 weeks, respectively) failed to produce acceptable 
levels of "morphine discrimination" (greater than 73% cor- 
rect responding prior to the first reinforcement on Wednes- 
day through Friday sessions), therefore, the morphine train- 
lng dose was increased to 5 0 mg/kg This traimng dose was 
used for the remainder of the study as an acceptable level of 
morphine discrimination was evident within 2 weeks after 
this dose increase 
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FIG 2 Dose-response curves for morphine alone and for morphine after pretreatment with 1 0 mg/kg 
naloxone and for naloxone alone Abscissa represents actual doses administered per reJection (not 
total dose given) m the cumulative-dosing procedure Data at S represent values obtained from 5 
control days (Wednesdays and Thursdays only) after saline administration for the weeks dunng which 
the dose-response data were collected Data at M represent values obtained from 5 control days after 
the administration of the training dose (5 0 mg/kg) of morphine Dose response data were obtained 
from single observations in 5 birds except where noted (n) All data presented as means-+S E ' s  Note 
that the shift to the nght (approximately 10-fold) of the morphine dose-response curve for stimulus 
generalization (left panel) is more than that noted (approximately 3-fold) for morphine response-rate 
suppression (nght panel) 
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FIG 3 Dose-response curves for racemlc methadone,/-methadone and d-methadone Data presented 
as in Fig 2 Note that/- and d/-methadone (3 0 mg/kg) produced responding that was no different from 
that seen after training doses of morphine whereas much higher doses of d-methadone did not (left 
panel) /-Methadone suppressed responding at lower doses than did d-methadone and racemlc 
methadone increased response rates at 0 3 and 1 0 mg/kg 
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FIG 4 Generahzatlon curves for morphine, dl-methadone, dl- 
cyclazocme, and mependme Data presented as m Fig I Note the 
dose-related increase in the percent of responses made on the 
morphine-appropriate key after the admm~stratmn ofdl-cyclazocme 
The curves for morphine and methadone are those shown m previ- 
ous figures 
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FIG 5 Dose-response curves for d-amphetamine, cocaine, d=- 
azepam, pentobarbltal and phencychdme Data presented as m Fig 
1 Note that none of these compounds at the doses tested produced 
morphme-appropnate responding 

Substttutton Testing 

Once a stable discrimination had been developed (test 
ammals averaged at least 75% of the FR responses on the 
correct key color prior to the first food reinforcement on 
Wednesdays, Thursdays and Fridays for 2 consecutive 
weeks), other doses of morphine (MSO4) were admtmstered 
on Fridays In these experiments, a cumulative ascending 
series of MSO4 doses or repeated saline reJections were ad- 
mtmstered to each pigeon for a series of 3 to 6 sesstons on the 
test day [21,40] For example, a 0 10 mg/kg dose of MSO4 
was administered, the bird was placed m the experimental 
chamber and 15 mln later the sesston began Immediately 
after the first food presentation (completion of 15 FR5's to 
either key color), the session ended, the bird was removed 
and a second dose [0 30 mg/kg (0 40 mg/kg total at thts 
point)] of MSO4 was gwen and so on until a dose was 
reached that ehmmated responding for 10 mm The test was 
then concluded and the procedure repeated with another 
bird Similar subsututmn procedures were performed with 
the other drugs used In almost all cases, bwds responded as 
soon as the sessmn started and completed the reqmred re- 
sponses within three to five minutes Thus, dlscrimmatmn 
behavtor was recorded 15-20 minutes after each drug or 
saline administration and the inter]njectlon intervals did not 
vary from bird to bird 

A few weeks after the start of substitution testing, a re- 
peated sahne administration resulted in a shift of  respondmg 
from the sahne-appropnate key to the morphine appropriate 
key, l e , one subject shifted from tracking the green keys to 
tracking the red keys, apparently, as a functmn of the 
number of repeated saline injections or the number of rein- 
forcers delivered Therefore, data collected before this 
occurrence was discarded and subsequent training of the 
subjects included some sessions during which repeated 

sahne injections were administered and only responses on 
the green keys were rewarded Ammals were then consid- 
ered stable and under adequate stimulus control when more 
than 75% of their responses prior to the first reinforcement 
were correct for all repeated sahne mjecUons for 2 such con- 
secutwe tests Occasionally, training doses of morphme 
were administered to subjects after a vanable number of 
sahne injecUons In all instances, responding was 
morphine-appropriate after morphine rejections 

Drugs 

Morphine sulfate, cocaine hydrochiorlde (Maihnckrodt. 
I n c ,  St Louis, MO), naloxone hydrochlonde (Endo Lab- 
oratories, Garden Ctty, N J), d-amphetamine sulfate (Smith, 
Khne and French, Philadelphia, PA), dl-methadone hydro- 
chloride, d-methadone hydrochlorlde, and/-methadone hy- 
drochlonde (Ell Lilly, Indianapolis, IN), sodium pentobarb~- 
tal (Stgma Chemical Co , St Louis, MO), mependlne hydro- 
chloride (Wyeth Laboratones,  Phdadeiphla, PA), and phen- 
cychdlne hydrochloride (NIDA, Rockvllle, MD) were dis- 
solved in 0 9% saline d/-Cyclazoclne (Sterhng-Wmthrop Re- 
search Institute, Rensselaer, NY) was dissolved m 0 ~'~ 
sahne aodlfied to pH 5 0 with lactic acid Dlazepam (Roche 
Products, ManatL Puerto Rico) was dissolved In a solution of 
10% ethanol, 40% propylene glycol and 50% saline All drugs 
were reJected in 1 mi/kg volumes and, except for dlazepam 
and dl-cyclazocme, doses given refer to the salts Control 
rejections consisted of  equal volumes of diluent appropriate 
to the drug studied 

Data Analy st.~ 

Drug discrimination data are presented as averages of the 
percent of responses occurring on the morphine-appropriate 
(red) key prior to the first reinforcement of the session or of 
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FIG 6 Dose-response curves for rate suppression for compounds 
not producing morphine-appropriate responding Data presented as 
m Fig 2 for responses per second 

the test trial during cumulative dosing tests Response rates 
are expressed as averages of the responses per second and 
refer only to side key (both red and green) responding (i e ,  
observing response iatencles and remforcement time are 
omitted from th~s calculation) Response rate data, but not 
generahzatton data were used for ammals that did not com- 
plete 15 (FR5s) Responding after repeated administrations 
of  the cyclazocme dduent (0 9% saline plus lacUc acid) was 
not different from that noted after repeated sahne mjecuons 
and ~s not shown 

RESULTS 

Stabthtv of Morphine Dose-Response Curve O~er Time 

Morphine produced a dose related increase m the per- 
centage of responses made on the morphine appropriate 
(red) response key (filled circles Fig 1) Using the cumula- 
Uve dosing procedure,  it was determined that at least 3 of 5 
birds responded prlmardy on the morphme-approprmte key 
after 1 0 mg/kg MSO4, and that 4 of 4 birds did so after the 
3 0 mg/kg dose (only 4 birds responded after this dose) A 
redetermmatlon of the MSO4 dose-response curve 8 months 
later resulted in very similar results (open circles Fig 1) 
Repeated injections of saline produced responding no differ- 
ent from that noted after smgle reJections of sahne 

Antagontsm of  the Dt~ rtmmatt~ e Stimulus Properties of  
Morphine 

After naloxone alone, animals responded primarily on the 
saline key at doses as high as 30 mg/kg Pretreatment with 
1 0 mg/kg naloxone 15 minutes prior to the start of a mor- 
phine cumulative-dosing procedure shifted the MSO4 dose- 
response generahzatlon curve 10-fold to the right (left panel, 
Fig 2) Treatment with 1 0 mg/kg naloxone only, as shown 

by others m our laboratory,  does not affect response rate or 
produce any morphine-appropriate responding (Wessmger 
and McMlUan, personal communication) Naloxone also 
shifted the morphine dose-effect curve for rate of  responding 
to the right (nght panel, Fig 2), but the shift was only about 
3-fold 

Stereo~electtvtty of the Morphine-Appropriate Cue 

Morphine generalized completely to dl-methadone as 
indicated by its dose-response curve in Fig 3 (left panel) All 
5 birds responded on the morphlne-appropnate key after 3 0 
mg/kg racemlc methadone Subsequent determinations of 
the dose-response curves for d- and /-methadone indicate 
that the morphlne-hke d~scnmmative stimulus properties of 
racemic methadone are due pnmardy to the levo-lsomer (left 
panel, Fig 3) T h e / 4 s o m e r  of methadone ts also the more 
potent of the ~somers m suppressing response rates (nght 
panel, Fig 3) Racemic methadone at lower doses (0 3 and 
1 0 mg/kg) increased response rates, an effect not seen after 
administration of either optical isomer alone 

Cy~ la:oc me and Mependme 

Three of five birds responded on the key color assocmted 
with morphine after admtmstratlon of 1 0 mg/kg dl- 
cyclazocme (i e , greater than 88% on the red key) One bird 
responded only on the green keys and the remaining bird 
responded on both key colors The average dose-response 
curve ts shown m Fig 4 Responding was markedly suppres- 
sed at doses higher than 1 0 mg/kg 

Meperidine hydrochlonde generated morphine- 
appropriate responding in only one ammal at only one dose 
(1 0 mg/kg) This animal responded on both keys after 3 0 
mg/kg The dose-response curve for mependme is also 
shown in Fig 4 Naloxone and repeated sahne m.lectlons 
resulted in responding on the green keys 

d-Amphetamine, Cocaine, Dtazepam Pentobarbltal and 
Phem v~ hdme 

Figure 5 shows the dose-response curves obtained after 
various doses of compounds that did not produce a 
morphine-hke discriminative stimulus One of  four birds 
given 5 6 mg/kg of pentobarbltal made 91% of its responses 
on the red key and the same bird made 78% of its responses 
on the red key after 0 5 mg/kg dmzepam After 0 56 mg/kg 
phencychdme, this same bird made 64% of its responses to 
the red key None of these compounds elicited responding 
on the red key in other birds 

Responae Rates fi~r Compounds Not Eh~ rang Morphine- 
Appropriate Re~pondmg 

Figure 6 shows that behaviorally active doses were used 
in determining whether the morphine discriminative stimulus 
cue generalized to dlazepam, cocame, d-amphetamine, 
phencychdme, pentobarbltal or meperidine All compounds 
suppressed response rates at doses that did not produce 
morphine-appropriate responding 

DISCUSSION 
The results of this study show that the dlscnmmative 

stimulus properties of morphine sulfate in the pigeon under a 
color-tracking procedure are stereoselectlve and phar- 
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macologlcally specific The stereoselectlvlty of the morphine 
lnteroceptlve cue was demonstrated by the dtfferences in 
potencies between I- and d-methadone m producing 
morphme-hke responding and by the failure of  d-methadone 
to substitute completely for morphine even at doses that 
markedly decreased response rates The pharmacological 
speclfictty of the morphine discrimination was evidenced by 
the shift of the morphine dose-effect curve in the presence of 
the narcotic antagomst naloxone, the ability of methadone to 
produce morph|ne-approprlate responding, and the mablhty 
of  d-amphetamine,  cocaine, dlazepam, phencychdlne and 
pentobarbltal  to produce morphine-like responding 

The morphine discrimination was very stable over time m 
that the response generalization from the morphine training 
dose to other morphine doses was essentially unchanged 
over an eight month penod Such stablhty of drug dlscrlml- 
natmns has also been noted by others for morphine [5,33], 
and phencychdlne [20] 

Naloxone shifted the morphine generalization curve 10- 
fold to the right Response rate suppression by morphine was 
also blocked by pretreatment with naloxone but the shift to 
the right of the response rate dose-effect curve was only 
about one-third of that noted for antagomsm of the stimulus 
generallzatmn curve This finding is stmflar to that described 
by Herhng et al [10] and suggests that the dlscnmlnatlve 
stimulus effects of morphine may be subserved by different 
substrates than those responsible for the rate suppression by 
morphine 

Naloxone antagonism of morphine discrimination has 
also been demonstrated in rats [12, 31, 32, 41, 43], squirrel 
monkeys [29,36] and pigeons [39,45] As morphine has been 
postulated to have high act lwty at both mu and kappa opiate 
receptors whale having low or no activity at sigma receptors 
[19], it is probable that the naloxone antagonism of the ef- 
fects of morphine occurs at either or both mu and kappa 
receptors 

Morphine generalized completely to racem~c methadone, 
a morphlne-hke opmte agonist (i e ,  dose-dependent In- 
creases in morphme-appropnate  responses were noted after 
administration of d/-methadone) Such observations are 
consistent with previous reports in the rat [6, 3 l, 32], pigeon 
[14] and squirrel monkey [29] The stereoselectlvlty of the 
morphlne-appropnate discnmlnatlve stimulus of methadone 
in the ptgeon was demonstrated by the marked differences m 
potencies of the 1- and d-isomers of methadone in producing 
morphlne-appropnate responses The levorotatory 
methadone isomer was approximately ten-fold more potent 
than the dextrorotatory isomer Such stereoselectlvlty of the 
morphine-like discriminative state has been reported for 
methadone in squirrel monkeys [38] and for other 
morphme-hke agomsts in rats [32,43] and sqmrrel monkeys 
[29,38], for which the / - i somers  were also far more potent 
than the d-isomers 

Response generalization from morphine to d/-cyclazocme 
was variable between animals Three of the five animals 
tested did, however, clearly respond in a morphine- 
appropriate fashion after receiving d/-cyclazoclne Our re- 
sults with dl-cyclazoclne are slmdar to those obtained by 
other investigators using rats trained to d~scnmlnate 3 0 
mg/kg morphine sulfate from saline [32] In their studies, 
three of five rats responded in a morphine-appropriate fash- 
Ion after 0 3 mg/kg cyclazoclne Higher doses tended to de- 
crease the percent of trials completed on the morphine lever 

In contrast,  pigeons trained to discriminate l0 0 mg/kg 
morphine sulfate from saline did not respond in a morphine 

appropnate  manner after recmvlng cyclazoclne at doses up 
to 3 2 mg/kg [8] These observations contrast with those of 
the present study but may reflect differences in the morphine 
training doses and/or the discrimination procedures The 
training dose has been shown by others to affect results ot 
generahzatmn tests m drug discrimination procedures [3, 16, 
37], and m particular, morphine generahzatmn to ~.y- 
clazoclne [34] 

Meperldme has been shown to substitute for morphine as 
a discriminative stimulus m rats [26,32], squirrel monkeys 
[29] and rhesus monkeys [46] Previous results obtained m 
the pigeon [8] appeared equivocal in that one of three birds 
tested made 100%, another bird 86°~ and another 63% of its 
responses to the morphine appropriate key after 5 6 mg/kg 
meperidlne hydrochloride These authors concluded from 
their data that meperldme did not produce stimulus control 
over behavior that was similar to that produced by the train- 
lng dose (10 0 mg/kg) of morphine sulfate In the present 
study, three of four birds tested responded primarily on the 
sahne appropriate key after receiving a range of doses of 
meperldme The fourth bird clearly responded m a 
morphlne-appropnate fashion after 1 0 mg/kg meperldlne 
hydrochlorlde, but such responding decreased with higher 
doses to intermediate responding and finally to saline- 
appropriate responding These data suggest that mependlne 
does not produce a morphine-like discriminative stimulus in 
pigeons trained to discriminate 5 0 mg/kg morphine from 
saline Addmonally,  pigeons trained to discriminate 
meperldlne from water do not respond m a meperidme- 
appropnate  fashion after morphine administration and the 
d~scnmlnatlve stimulus effects of mependlne are not blocked 
by naloxone [17], thus, it is probably not mediated via mu 
receptors in pigeons as It appears to be m mammals [26 29, 
32, 46] Also, meperldlne does not show cross tolerance with 
methadone m pigeons [18] 

As others have noted, pigeons do not appear to dlStln- 
gmsh between mu agonlsts and kappa agonlsts [9] Morphine 
may have generalized to cyclazoclne in the present study 
because cyclazoclne has partial mu agonlst activity It has 
been shown previously that m animals trained to discrimi- 
nate low doses of mu agonlsts, those agonlsts will generalize 
to cyclazoclne [4,34] 

Compounds other than opiates did not produce 
morphlne-appropnate responding m the majonty of cases 
d-Amphetamine and cocaine produced responding pnmanly  
to the sahne-appropnate color One animal exhibited dose- 
related increases in morphme-hke responding after 
dlazepam, phencychdlne and pentobarbltal It is interesting 
to note that, for this particular animal, stimulus control of 
saline responding was weak (l e ,  large variabilities in the 
percent responses made on the saline key on saline tram|ng 
days) whereas stimulus control of morphine responding was 
strong These observations suggest that the response bias of 
the bird for the morphine-response key may have influenced 
its responding when tested with other drugs Such findings 
parallel those of [23] where dose-response curves for the 
generahzatlon of the training drug (phencychdme) to other 
doses of the training drug and to other drugs were shifted 
after a response bias was induced by changes In the rein- 
forcement schedule 

In summary, the morphine discriminative stimulus m the 
pigeon, while stereoselectlve and pharmacologically specific 
is qualitatively different from that observed in rats, squirrel 
monkeys and rhesus monkeys Generalization of the mor- 
phine discriminative stimulus to d/-cyclazoclne (kappa and 
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s igma r ecep to r  agonlst) but not p h e n c y c h d l n e  (sigma recep-  
tor agonlst)  suggests  that  the rnorpbane-llke d iscr iminat ive  
d / - cyc l azocme  cue was  not  due  to in terac t ion  at s igma opiate  
r ecep to r s  
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