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Behavioral and pharmacological influences on
phencyclidine discrimination in the pigeon

DONALD E. McMILLAN
University of Arkansas for Medical Sciences, Little Rock, Arkansas

Discriminative stimuli produced by drugs control behavior in the same way as exteroceptive
discriminative stimuli control behavior, despite the difficulty in controlling the intensity of the
discriminative stimulus properties of drugs throughout test sessions. In recent years, many in
vestigators have correlated the potency of drugs as discriminative stimuli, with their affinity
for specific pharmacological receptors. High correlations have been interpreted as evidence that
the discriminative stimulus properties of drugs are mediated by these specific pharmacological
receptors. However, the relationship between discriminative stimulus potency and receptor af
finity can be confounded by other pharmacological effects of drugs, such as their ability to produce
position responding, and by behavioral variables, such as the schedule of reinforcement under
which the drug discrimination is established and measured.

Almost 50 years ago, Girden and Culler (1937) demon
strated that a drug can function as a discriminative stimu
lus to control responding. Since that time, the study of
discriminative stimulus properties of drugs has become
a very active area of research in behavioral pharma
cology, with broad implications. For example, if the
discriminative-stimulus properties of a drug are also posi
tively reinforcing, these properties may contribute to the
abuse potential of the drug. Conversely, discriminative
stimulus properties of drugs that function as negative re
inforcers may lead to problems in compliance with medi
cation schedules.

In most experiments, drug discrimination has been es
tablished by differentially reinforcing responding in the
presence and absence of the drug stimulus. For example,
in a typical design, animals might be reinforced for
responses on one lever if a drug has been administered
before the session, and reinforced for responses on a
different lever if saline solution has been administered be
fore the session. The only discriminative stimulus avail
able to control responding is the presence or absence of
the internal stimuli (interoceptive stimuli) generated by
the pharmacological effects of the drug. Once discrimi
nation between the drug state and the nondrug state is es
tablished, a number of interesting questions can be asked.
For example, does responding controlled by the drug state
generalize to other doses of the training drug? What is
the minimum dose of the training drug that will produce
responding on the drug-associated lever? Does respond
ing on the drug lever generalize to other drugs that might
be substituted for the training drug, and, if so, do these
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other drugs share pharmacological actions with the train
ing drug?

Although these drug-discrimination experiments appear
to be straightforward, there are numerous difficulties in
drug-discrimination experiments that are not frequently
encountered in experiments on stimulus control by extero
ceptive stimuli. If a conditional discrimination is estab
lished using such exteroceptive discriminative stimuli as
the presence or absence of a light, so that when the light
is on responses will be reinforced on one lever and when
the light is off responses will be reinforced on the other
lever, the condition of the light is completely under the
control of the experimenter. However, when a drug is
administered by intramuscular, intraperitoneal, or oral
routes, the absorption and distribution of the drug is slow
and sometimes irregular, so that the onset of the intero
ceptive stimuli is gradual and sometimes unpredictable.
Furthermore, the exteroceptive light stimulus can be
presented and removed repeatedly during a session, per
mitting differential reinforcement to occur repeatedly un
der both stimulus conditions. This is clearly not so in most
drug-discrimination experiments, where, after the drug
is administered, it is in the organism and the "no-drug
response" cannot be reinforced again until the drug has
been metabolized and/or excreted. Finally, the intensity
of an exteroceptive stimulus, such as a light, presumably
undergoes little change throughout a session, while the
interoceptive drug stimulus waxes and wanes with the in
creasing and decreasing concentrations of the drug at the
sites in the body producing the interoceptive stimuli.

Despite these general problems, a large number of
studies conducted during the past few years have been
directed toward describing the pharmacology of drug dis
crimination. It has been suggested that drugs may be clas
sified on the basis of their discriminative-stimulus proper
ties (Weissman, Milne, & Melvin, 1982), and it has even
been implied that drugs to which responding generalizes
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from the training drug may interact with the same pharma
cological receptors as the training drug (Cone, McQuinn,
& Shannon, 1984; Friedman, Barrett, & Sanders-Bush,
1984; Young, Stephens, Hein, & Woods, 1984).

There are a number of assumptions underlying such
interpretations. After a drug has been administered, the
drug must be taken up from its site of administration and
be distributed to those sites where its pharmacological ef
fects give rise to the interoceptive stimuli attended to by
the animal. The fact that a drug produces discriminative
stimuli does not necessarily imply that a specific group
of pharmacological receptors has been activated, or even
that specific receptors in the pharmacological sense have
been activated. Furthermore, the drug will also produce
a variety of pharmacological effects, some of which do
not contribute to the interoceptive-stimulus complex.
Drugs have multiple effects, and some effects are part of
an interoceptive-stimulus complex to which an animal can
attend, but some are not.

To study the discriminative-stimulus properties of
drugs, the investigators must demonstrate that behavior
comes under the control of the interoceptive-stimulus com
plex produced by the drug. Unfortunately, the interpre
tation of the data generated by such experiments can be
confounded by the drug's other effects on behavior. Many
factors have been found to influence the effect of a drug
on behavior, including the schedule of reinforcement
maintaining the behavior, the rate and pattern of respond
ing maintained by the schedule, the degree of stimulus
control, the behavioral history of the organism, and so
forth (Kelleher & Morse, 1968; Laties, 1975; McKear
ney, 1979; McMillan & Leander, 1976).

The logical consequences of these multiple drug effects
in drug-discrimination experiments are that, when one
tests for response generalization from the training drug
to a new drug, the degree of response generalization ob
tained may be a reflection not only of the degree to which
the discriminative-stimulus properties of the training drug
and of the substitution drug overlap, but also of the effects
of the drug on other complex behavioral processes in
volved when the animal "reports" on the discriminative
stimulus control maintained by the substitution drug in
a drug-discrimination study (Appel & Dykstra, 1977). For
example, the discriminative-stimulus properties ofa train
ing drug and another drug may be nearly identical. Yet,
if the substitution drug has the additional pharmacologi
cal effect of greatly increasing response variability, some
stimulus control may appear to be lost, but not because
of differences in the discriminative stimulus properties of
the two drugs. Under such circumstances, the task of the
behavioral pharmacologist is to separate the discriminative
stimulus properties from the drug's other effects on
behavior.

During the past several years, interest has developed
in the role of behavioral variables in drug discrimination.
Toward this end, a color-tracking procedure for the pigeon
has been developed under which the bird is trained to track
the location of one color if a given drug has been ad-

ministered before the session and to track the location
of another color if saline has been administered before
the session (McMillan, Cole-Fullenwider, Hardwick, &
Wenger, 1982). The details of the procedure are shown
in Figure I. Initially, the pigeon is required to make an
observing response on a white center key. Following the
observing response, the side keys are lighted, one with
red and one with green color. Responses on the red key
eventually were reinforced when 1.5 mg/kg phencycli
dine had been administered before the session, and
responses on the green key eventually were reinforced
when saline solution had been administered before the ses
sion. Completion of a small fixed ratio at either key color
again lighted the observing key. The birds were required
to complete a fixed number (e.g., 10) of fixed ratios at
the "correct" key color before the food reinforcer was
made available. Location of the red and green key colors
varied randomly on the side keys after each observing
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Figure 1. Schematic diagram of training sessions for discrimina
tion of phencyclidine stimuli from saline. The circles represent
response keys. Abbreviations are as foUows: W, white key; G, green
key; R, red key; no symbol in circle, unligbted key; FR, fixed-ratio
schedule of reinforcement. At the beginning of the session, the center
key is lighted with a white light and the side keys are dark. One
peck on the center key (FR 1) turns off the center key and lights
the side keys, one with a green light and one with a red light. Five
pecks (FR 5) on either side key return the white light to the center
key and extinguish the side-key lights, Completion of 10 FR Ss on
the "correct" key produces food. The "correct" key is the red key
when 1.5 mgIkg phencyclidine has been administered before the ses
sion, and the green key when saline has been administered before
the session. During test sessions, completion of 10 FR 5s on either
key color produced food. The position ofthe red and green key lights
on the side keys varied randomly each time a peck on the center
key lighted the side keys. During generalization experiments, when
other dosesof phencyclidine and other drugs were substituted for
the training dose of phencyclidine, a cumulative-dosing procedure
was used (McMillan, 1982).
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Figure 2. Cumulative dose-effect curves for phencyclidine and
other drugs substituted for the training dose of phencyclidine. Ab
scissa: mgIkg dose, log scale. Ordinate: percentage of total ratios
completed 00 the phencyclidine (red) key. Each point is a mean of
single observations in 5 birds. Symbols are as foUows: ., phency
clidine; &, ketamine; ~, l-cycIazocine; ., d-cycIazocine; +, pento
barbital; 0, d-amphetamine; 6, morphine; 'V, d-methadone; D,
I-methadone.

response. This second-order schedule requiring observ
ing responses generated a large number of responses be
fore the delivery of a food reinforcer occurred, serving
as an additional cue as to which response would be rein
forced on subsequent trials (Jenkins, 1965). Under this
procedure, pigeons that receive 1.5 mg/kg phencyclidine
before the session respond almost entirely on the red key,
and pigeons receiving saline before the session respond
almost entirely on the green key.

Figure 2 shows the results of testing for response gener
alization to other doses of the training drug and to other
drugs substituted for phencyclidine. There was response
generalization to other doses of phencyclidine, to a chem
ical congener (ketamine), to both optical isomers of cy
clazocine, and perhaps to pentobarbital. On the other
hand, response generalization to saline, d-amphetamine,
morphine, d-methadone, and I-methadone did not take
place (McMillan, 1982). The generalization from phen
cyclidine to ketamine, a drug with many pharmacologi
cal similarities, is not unexpected (Jarbe, Johanson, &
Henriksson, 1975). There have also been suggestions that
benzomorphans, such as cyclazocine, may act on the same
receptor as phencyclidine (Cone et al., 1984). Although
there are no strong theoretical reasons why there should
be response generalization from phencyclidine to pento
barbital, other investigators have also observed this
phenomenon (Overton, 1975).

Figure 3 shows a clear example of the manner in which
other behavioral effects of a drug can influence stimulus
control in drug-discrimination experiments. The figure
plots the tendency of birds to respond at a position
(preferred key) against the tendency to respond to a color
(red key). Figure 2 suggested that some response gener-

alization occurs from phencyclidine to pentobarbital. Birds
trained to discriminate phencyclidine from saline, when
given high doses of pentobarbital, responded largely on
the pcp key, but the percentage of responding on the
drug-associated key never quite reached the level seen
with the training drug. Figure 3 shows that when these
pigeons respond nearly equally on red and green keys af
ter barbiturates are administered, such responding is con
fined almost completely to one key position (e.g., the key
position controls responding rather than the key color)
(McMillan & Wenger, 1983). It seems unlikely that such
position responding is representative of the degree of over
lap of the discriminative-stimulus complex produced by
phencyclidine with that produced by pentobarbital. A
more reasonable explanation is that pentobarbital has
produced position responding, which interferes with the
stimulus control exerted by the association of the drug
and nondrug stimuli with the respective key colors.

In studies of drug effects on discrimination behavior,
the methods of signal detection derived from information
theory have proved to be valuable tools (Appel & Dyk
stra, 1977). These techniques have been used to analyze
drug-discrimination data in an effort to separate dis
criminability of the interoceptive stimulus from other fac
tors that might bias responding away from control by the
drug stimulus (McMillan & Wenger, 1984).

In these experiments, the schedule of reinforcement was
used to bias responding toward or away from making the
drug response. Pigeons were biased toward responding
on the red (drug-associated) key through reinforcement
of responding on the red key under a second-order fixed
ratio 5 (fixed-ratio 5) schedule and were biased away from
responding on the green (saline-associated) key under a
second-order fixed-ratio 25 (fixed-ratio 5) schedule. Sub-
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Figure 3. Analysis of position responding. Abscissa: percentage
of total ratios completed on the red (phencyclidine) key after vari
ous doses of pentobarbital under several second-order schedules of
reinforcement. Ordinate: percentage of total responses on the
preferred key (defined as that key on which 50% or more of the
total responses were made). Each point represents a single obser
vation for one bird. Symbols are as foUows: ., 3 mgIkg pentobar
bital; 0, 10 mgIkg pentobarbital; &, 17.5 mgIkg pentobarbital.
When birds made from 30% to 70% of their responses on the phen
cyclidine key, more than 90% of these responses were made at a
particular key location (e.g., left or right key).
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creased and bias decreased. At intermediatedoses of PCP,
key position was a major determinant of what key would
be pecked. For pentobarbital, bias and key position con
tinued to control responding, but there was less ten-

Figure 4. Analysis of responding when the schedule of reinforce
ment was used to bias responding toward thephencyclidine key [dur
ing training sessions, responses on the red key were reinforced un
der FR 5 (FR 5) if phencyclidine was given before the session, and
under FR 25 (FR 5) ifsaline was given before the seMion) or toward
the saline key [during training sessions, responses on the green key
were reinforced under FR 5 (FR 5) if saline was given before the
session, and under FR 25 (FR 5) if phencyclidine was given before
the session). The filled points show cumulative dose-effect curves
for phencyclidine bias and the unfilled points show cumulative dose
effect curves for saline bias. The first column shows phencyclidine
data, the second column pentobarbital data, and the third column
d-amphetamine data. The top row shows the percentage of total ra
tios completed on the phencyclidine (red) key. The second row shows
the point estimate of discrimination. The third row shows the point
estimate of bias. The final row shows the number of pigeons mak
ing more than 85% of their responses at one of the key positions
(as oppo8ed to color tracking). Each point represents a ..-nof single
observations in each of 5 birds, except for the final row, where each
point refers to the number of birds making a position response.
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sequently, these schedules were reversed in order to
reverse the bias. These data (for phencyclidine, pento
barbital, and d-amphetamine) are shown in Figure 4.

The first column in the top row of Figure 4 shows that,
when responding was biased toward the phencyclidinekey
by the schedule of reinforcement (filled points), the phen
cyclidine dose-effect curve fell to the left of the curve ob
tained when responding was biased toward the saline key
(unfilled points). Thus, biasing responding with the sched
ule of reinforcement was successful. The second and third
rows of column 1 show changes in the point estimate of
discrimination and bias (McMillan & Wenger, 1984)with
dose. At low doses of phencyclidine, discriminability of
the interoceptive stimulus is low and responding is con
trolled largely by bias. As the dose of phencyclidine in
creases, discriminability increases and bias decreases
(moves toward zero from a negative value). At intermedi
ate doses of phencyclidine (e.g., 0.56 to 1.0 mg/kg), some
birds exhibit considerable position responding (Figure 4,
bottom row), which may contribute to the decrease in bias.

The second column of Figure 4 shows a similar anal
ysis for pentobarbital. When responding was biased
toward the phencyclidine key by the schedule of reinforce
ment, the dose-effect curve for pentobarbital fell above
the dose-effect curve for pentobarbital when responding
was biased toward the saline key. Analysis of the point
estimates of bias and discriminability showed that dis
criminability did not increase with increasing doses of
pentobarbital to the same extent as occurred with increas
ing doses of phencyclidine, nor was there a clear tendency
for increasing doses of pentobarbital to decrease bias. At
10 mg/kg pentobarbital, most birds showed strong posi
tion responses, making more than 85 % of their responses
on one key. Analysis of the data in Figure 4 suggest that
the interoceptive stimuli produced by pentobarbital were
not particularly discriminable as being "phencyclidine
like" and that the primary factor determining the differ
ences in responding were bias and position responding.

The last column of Figure 4 shows the same type of
analysis for d-amphetamine. Although the dose-effect
curve for d-amphetamine, when responding was biased
toward phencyclidine by the schedule, fell above the
d-amphetamine dose-effect curve when responding was
biased toward saline, the birds did not respond predomi
nately on the phencyclidine key after d-amphetamine.
Analysis of the point estimates of discrimination and bias
show that the birds were controlled by bias and not by
similarities in the interoceptive-stimulus complexes
produced by d-amphetamine and phencyclidine.

The results of these experiments suggest that the sched
ule of reinforcement can shift generalization gradients
when drugs are used as discriminative stimuli. The ap
plication of signal-detection techniques and position
preference analyses to these drug-discrimination studies
enabled the partial separation ofdrug-stimulus discrimina
bility from other factors. For example, low doses of pcp
were not discriminable, and responding was controlled
by response bias. As the dose ofphencyclidine increased
(as the stimulus intensity increased), discriminability in-
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dency for discriminability to increase with dose. For
d-amphetamine, there was little tendency for the intero
ceptive stimuli produced to be discriminated as phency
clidine; responding was controlled primarily by bias. The
results of these experiments emphasize that drug discrimi
nations, like other discriminations, are complex behavioral
processes that can be affected by a number of behav
ioral variables. Failure to consider the role of such be
havioral variables can lead to misinterpretations of the data
in drug-discrimination experiments.
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