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POLING, A., M. LESAGE, D. ROE AND D. SCHAEFER. Acute and chronic effects of morphine in pigeons respond-
ing under a progressive-ratio schedule of food delivery. PHARMACOL BIOCHEM BEHAYV 54(2) 485-490, 1996.— Al-
though progressive-ratio schedules have often been used by behavioral pharmacologists to index the relative reinforcing effects
of drugs of abuse, they have been ignored in the study of tolerance to opioids. The present study examined tolerance to
morphine in pigeons responding under a progressive-ratio 5 schedule of food delivery. Acute administrations of morphine
produced general dose-dependent reductions in response rates and breaking points. Dose-response curves for both measures
shifted rightward substantially (roughly fivefold) following chronic (daily) exposure to morphine, indicating that tolerance

developed to the drug’s effects.

Tolerance Morphine Progressive-ratio schedule

Pigeons

SEVERAL studies have shown that opioid agonists, such as
morphine, increase short-term food intake [e.g., (5,6,8,16,
21)]. Given this effect, morphine may increase the reinforcing
capacity of food. One assay commonly used to quantify the
reinforcing capacity of food, drugs, and other stimuli is the
progressive-ratio (PR) schedule [e.g., (1,7,11,13,20)]. The PR
schedule, first described by Hodos (10), requires the subject to
emit an increasing number of responses to earn each successive
reinforcer. For example, under a PR 5 schedule of food deliv-
ery, the number of responses required for food delivery in a
given session begins at five and is incremented by five each
time food is earned. Thus, the response requirements for rein-
forcement across the course of the session are 5, 10, 15, 20,
25, and so on. The ratio requirement eventually becomes so
long that the subject ceases to respond for a specified period,
usually 5 to 15 min [e.g., (11,13,23,24,28)], at which point the
session ends. The largest ratio completed before responding
ceases is termed the breaking point of the subject’s perfor-
mance. The breaking point under PR schedules is used as a
measure of the efficacy of the scheduled reinforcer, or of
response strength (10,29).

Given that the PR schedule can be used to index the rein-
forcing capacity of food, and the widespread interest in the
effects of opiate drugs and endorphins on food-related activi-
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ties [e.g., (2,14)], it is interesting that the schedule has not
been used extensively to study the effects of morphine. In one
study that did use the PR schedule (24), acute administrations
of morphine (0.1 to 5.6 mg/kg) produced general dose-de-
pendent decreases in the response rates and breaking points of
rhesus monkeys. Daily exposure to the PR schedule was very
brief (10 min), as it was arranged as part of a complex operant
test battery. Moreover, only acute data were presented. The
purpose of the present study was to extend research concern-
ing the effects of morphine under PR schedules by examining
acute and chronic effects of the drug on the response rates and
breaking points of pigeons exposed to a PR S schedule of food
delivery.

Unlike the PR schedule, the fixed-ratio (FR) schedule has
been used extensively to study the effects of morphine on
food-maintained behavior. Previous studies have revealed that
morphine characteristically reduces response rates under FR
schedules of food delivery and that some tolerance develops
to its rate-decreasing effects [e.g., (3,4,9,17,25,29)]. The PR
schedule resembles a conventional FR schedule insofar as the
delivery of a reinforcer under both schedules depends on the
completion of a specified number of responses. The present
study examined the effects of morphine in pigeons responding
under a PR 5 schedule of food delivery. The primary purpose
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of the study was to determine whether effects under this sched-
ule are similar to those previously reported under FR sched-
ules. A secondary purpose was to expore the usefulness of the
breaking point as a measure of tolerance.

METHOD
Subjects

Seven experimentally naive White Carneau pigeons, food
deprived to 80% of free-feeding body weights, served as sub-
jects. They were individually housed in a colony area with
controlled lighting (16 h light, 8 h dark each day), temperature
(22-24°C), and humidity (60-70%).

Apparatus

Four Lehigh Valley Electronics operant conditioning
chambers, measuring 32 cm high, 36 cm wide, and 35 cm high,
were used. In each chamber, three response keys 2.5 ¢cm in
diameter were located 23 ¢cm from the bottom of the front
wall, approximately 5.5 cm apart. Only the center key was
used in the present study. That key could be illuminated in
white. An aperture horizontally centered in the front wall 7.5
cm above the floor allowed access to a hopper filled with
Purina Pigeon Grain (Ralston-Purina, St. Louis, MO) when
the hopper is raised. The raised hopper was illuminated by a
7-W white bulb. A 7-W white bulb (houselight) located behind
a translucent diffusing panel centered on the chamber’s ceiling
provided ambient illumination and an exhaust fan supplied
masking noise and ventilation. Additional masking noise was
supplied via speakers mounted in the room where the cham-
bers are located. Control of experimental events and data re-
cording were accomplished through the use of an IBM-com-
patible computer using MED-PC software (Med Associates,
St. Albans, VT).

Behavioral Procedure

The birds initially were autoshaped (18) to peck the center
key when lighted in white. After keypeck training, each bird
was exposed to a simple FR schedule that was gradually in-
creased over sessions from FR 1 to FR 50. When all birds
responded consistently under the FR 50 schedule, they were
exposed to a PR 5 schedule. Under the PR 5 schedule, food
was delivered for 3 s, dependent upon completing a ratio re-
quirement that began each session at five responses and was
incremented progressively by five responses whenever food
was earned. Thus, the first 10 ratios in a given session were 5,
10, 15, 20, 25, 30, 35, 40, 45, and 50. Ratio values were incre-
mented by five, rather than by a larger or a progressively
increasing value, to facilitate comparison with results of a
prior study from our laboratory in which the effects of cocaine
on PR 5 responding were evaluated (13). The session contin-
ued until responding ceased for 5 consecutive min or until 45
min elapsed, whichever occurred first. Key illumination and
general chamber illumination were present from the beginning
of the session to its end, when all lights were darkened.
Throughout the study, one daily session was conducted for
each bird 7 days per week, at about the same time every day.
Each session, the largest ratio completed was recorded as the
breaking point. Overall response rates also were recorded.

Pharmacological Procedure

After breaking points and overall response rates showed
no visually evident trend across 10 consecutive acute control
(baseline) sessions, subjects were given intramuscular (IM) in-
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jections of isotonic saline solution 30 min prior to four experi-
mental sessions, which were separated from one another by
four sessions not preceded by injections. This sequence was
intended to acclimate the pigeons to the injection procedure.
Following it, actual drug manipulations were begun. The ini-
tial drug manipulation was an acute dose-response determina-
tion. In this determination, each subject received an ascending
sequence of morphine doses. The lowest dose was 0.56
mg/kg. Doses were progressively increased until, for a given
bird, a dose was reached at which the overall rate of respond-
ing was reduced to below 10% of the control level. Doses were
increased in quarter-log units from 0.56 to 5.6 mg/kg (i.e., in
the sequence 1, 1.8, 3.2, and 5.6 mg/kg, expressed as the salt),
and in eighth-log units above 5.6 mg/kg (i.e., in the sequence
7.5, 10, 13.3, 17.8 mg/kg). Doses were tested in ascending
sequence with small incremental increases to examine in each
bird doses that produced graded effects, ranging from no be-
havioral disruption to strong suppression of responding. Given
the absence of data concerning the effects of morphine in
pigeons responding under PR schedules, the appropriate dose
range had to be determined empirically, with due caution (i.c.,
small dose increases). Drug injections were given according to
a BBBBCD design, where B represents baseline sessions (no
injection), C vehicle control sessions, and D drug sessions.
Each bird received each dose once. Morphine sulfate (Sigma,
St. Louis, MO) was dissolved in isotonic saline solution pre-
pared at an injection volume of 1 ml/kg and injected IM 30
min prior to behavioral testing.

In the absence of drug, behavioral measures remained rela-
tively stable throughout the acute phase of the study. After
acute dose-response determinations were completed, each
bird was exposed to baseline conditions until breaking points
and overall response rates showed no visually evident trend
across 10 consecutive chronic control sessions. Chronic drug
administration immediately followed those sessions. During
the chronic phase, the largest dose of morphine that did not
completely eliminate responding in an individual bird when
given during the initial dose-response determination was ad-
ministered to that bird prior to every session. With this proce-
dure, one pigeon (bird 3) received 1.8 mg/kg, one (bird 2)
received 3.2 mg/kg), four (birds 4, 5, 6, and 7) received 5.6
mg/kg, and one (bird 1) received 10 mg/kg. Chronic dosing
continued for each bird for at least 30 consecutive sessions
and until responding was stable (i.e., there was no visually
evident trend in the breaking point across 10 consecutive ses-
sions). Meeting this criterion required 36, 39, 54, 32, 55, 32,
and 32 sessions for birds 1 through 7, respectively.

After the stability criterion was met, chronic dose-response
determination was begun. During this determination, every
sixth session a substitution dose of morphine was administered
in place of the chronic dose. Substitution doses were adminis-
tered in an ascending series. When substitution doses below
the chronic dose were administered, supplemental morphine
injections to increase the daily dose to the chronic dose were
given immediately after behavioral testing.

RESULTS

One of the seven subjects (bird 2) consistently responded
for the entire 45 min during control sessions, and the breaking
point for that subject was the largest ratio completed within
this period. The other six birds regularly stopped responding
for 5 consecutive min before the 45-min session ended, and
the breaking point for these birds was defined as the largest
ratio completed before responding ceased. As indicated in Fig.
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1, the average breaking point during the 10 sessions immedi-
ately prior to the acute dose-response determination (acute
control breaking point) differed substantially across subjects,
ranging from 65 to 266. Chronic control breaking points were
similar to acute breaking points, and ranged from 70 to 250
across birds. Figure 1 also shows acute and chronic dose-
response curves for the breaking points of individual pigeons.
In this figure, breaking points when morphine was adminis-
tered are presented as percentages of control values. In
general, morphine produced dose-dependent decreases in
breaking points relative to control values when the drug was
administered acutely and chronically. However, the dose-re-
sponse curves were shifted substantially to the right following
chronic exposure.

To quantify the degree of rightward shifting of the dose-
response curves, and, therefore, the degree of tolerance, re-
gression lines were fitted by the method of least squares to
acute and chronic dose-response curves for individual birds.
Acute and chronic ED;, values were determined from the
equations that described the regression lines. This was accom-
plished by solving for x (drug dose) when the value of y was
set at 50% of the vehicle control value. Table 1 shows for each
pigeon acute and chronic EDs, doses for breaking points and
tolerance ratios calculated by dividing the latter measure by
the former. These tolerance ratios ranged from 3.03 to 7.48;
the geometric mean tolerance ratio for breaking points was
4.81. The geometric (not arithmetic) mean was determined
because the data comprised a set of ratios and the EDy, values
for individual birds were calculated by a regression on log
dose. Comparing mean tolerance ratios for the two dependent
variables (breaking points and response rates) allows for a
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crude overall evaluation of the relative sensitivity of those
measures. Mean values must, however, be interpreted care-
fully, because different birds received different chronic doses.

Like breaking points, mean overall response rates in the
absence of drug differed substantially across subjects, and
were similar during acute and chronic control determinations.
As indicated in Fig. 2, the mean overall acute control rate
ranged across birds from 0.43 to 2.84 responses per second.
Chronic control rates ranged across birds from 0.57 to 2.50
responses per second. Figure 2 shows drug response rates as
percentages of control values. Morphine produced generally
dose-dependent decreases in overall response rates when the
drug was administered acutely and chronically. Dose-response
curves for overall response rates were shifted substantially to
the right following chronic exposure.

Acute and chronic EDs, doses for overall response rates,
and tolerance ratios for response rates, are shown in Table 2.
These measures were obtained through the use of procedures
comparable to those used to obtain the same measures for
breaking points. The geometric mean tolerance ratio for over-
all response rates was 4.84; the range across birds was from
2.73t0 11.95.

DISCUSSION

Regardless of whether breaking points or overall response
rates were used as dependent variables, substantial tolerance
developed to the effects of morphine in pigeons responding
under a PR 5 schedule of food delivery. The magnitude of the
rightward shift in the dose-response curve was similar for
the two measures of behavior, with mean tolerance ratios of
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FIG. 1. Acute and chronic effects of morphine on the breaking points of individual pigeons responding under a PR 5
schedule of food delivery. Data are expressed as percentages of mean control breaking points, which are indicated. The
first number after C is the acute control breaking point, the second number is the chronic control breaking point. Each
data point represents a single drug administration. The acute control breaking point is the mean of all vehicle sessions
immediately prior to drug administration (e.g., eight sessions for B1, which received eight drug doses acutely). The
chronic control breaking point is the breaking point obtained during a single session when saline was substituted for the
chronic dose. The chronic dose received by each bird is indicated as CD.
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TABLE 1

THE ED,, DOSES FOR THE BREAKING POINTS OF INDIVIDUAL PIGEONS
DURING ACUTE AND CHRONIC DOSE-RESPONSE DETERMINATIONS

Subject Acute EDy, Chronic ED;, Tolerance Ratio
1 6.69 (3.16, 10.22) 27.65(17.99, 37.31) 4.13
2 2.77 (2.07, 3.47) 8.40 (5.04, 11.75) 3.03
3 1.72(1.17, 2.27) 6.71 (4.32,9.10) 3.90
4 2.12 (1.68, 2.55) 14.28 (8.28, 20.29) 6.74
5 2.96 (0.52, 5.40) 17.08 (13.01, 21.14) 5.77
6 2.93 (0.68, 5.18) 21.92(16.14, 27.71) 7.48
7 2.11 (0.00, 4.57) 8.83 (6.47,11.18) 4.18

The numbers in parentheses indicate the 95% confidence interval. The toler-
ance ratios (acute EDsy dose/chronic EDs, dose) for each bird is also shown.

approximately 5. Across-subject variability in tolerance ratios
was, however, somewhat less with breaking points than with
overall response rates. These findings suggest that breaking
points under PR schedules provide a sensitive measure of tol-
erance to opioid drugs, although they have not previously
been used to index tolerance. It should be noted, however,
that breaking points were not more sensitive measures of toler-
ance than response rates, nor superior measures in other re-
gards.

The PR schedule comprises an increasing sequence of FR
components. Previous studies have revealed that morphine
characteristically reduces response rates under FR schedules
of food delivery and that some tolerance develops to its rate-
decreasing effects [e.g., (3,4,9,17,25,29)]. Given these find-
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ings, it is not surprising that morphine reduced response rates
in the present study, and that tolerance developed to the drug’s
rate-reducing effects. The degree of tolerance obtained under
a PR § schedule in the present study appears to be similar that
previously reported in studies of the effects of morphine under
FR schedules [e.g., (2-4,9,17,25,29)]. Interestingly, the de-
gree of tolerance observed in the present study appeared to be
independent of the size of the chronic dose administered. In
many cases, tolerance to morphine is influenced by the size of
the dose administered; larger doses lead, in general, to faster
and more complete tolerance [e.g., (28)]. Two factors that
may have prevented such an effect in the present study are,
first, that chronic doses were relatively low and, second, that
chronic doses were selected on the basis of observed effects
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FIG. 2. Acute and chronic effects of morphine on the overall response rates of individual pigeons responding under a PR
5 schedule of food delivery. Data are expressed as percentages of mean control response rates, which are indicated (as
responses per second). The acute control response rate is the mean of all vehicle sessions immediately prior to drug
administration (e.g., eight sessions for B1, which received eight drug doses acutely). The chronic control response rate is
the rate obtained during a single session when saline was substituted for the chronic dose. The chronic dose received by

each bird is indicated as CD.
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TABLE 2

THE ED,, DOSES FOR THE OVERALL RESPONSE RATES OF
INDIVIDUAL PIGEONS DURING ACUTE AND CHRONIC
DOSE-RESPONSE DETERMINATIONS

Tolerance
Subject Acute ED, Chronic ED,, Ratio
1 4.29 (1.44,7.14) 21.11 (11.65, 30.56) 4.92
2 2.92 (2.38, 3.46) 7.96 (4.50, 11.43) 2.73
3 1.68 (0.77, 2.59) 8.52(7.02, 10.03) 5.07
4 2.91(1.74, 4.09) 12.07 (6.17, 17.97) 4.15
5 1.48 (0.00, 4.79) 17.68 (9.45, 25.90) 11.95
6 5.03 (1.86, 8.19) 22.25 (15.60, 28.91) 4.42
7 1.81 (0.00, 4.45) 7.55(5.49, 9.61) 4.17

The numbers in parentheses indicate the 95% confidence interval. The tolerance
ratios (acute EDs, dose/chronic EDjs, dose) for each bird is also shown.

in individual birds. Birds in the present study that were less
sensitive to morphine received larger chronic doses, and no
within-subject comparisons of morphine dose-response curves
at different chronic doses were arranged. Had the assignment
of birds to chronic doses been at random, or within-subjects
comparisons of a range of chronic doses effected, it is proba-
ble that the dose administered chronically would have affected
tolerance development.

Although the PR schedule has been used rather often to
index the effectiveness of scheduled events (e.g., abused
drugs, food) as reinforcers, the assay does not provide a sim-
ple indication of how drugs influence the reinforcing effective-
ness of those events. Previous studies have shown that mor-
phine and related opioid agonists increase food intake when
given acutely [e.g., (5,6,8,16,21)]. This finding suggests that
opioid agonists may increase, and certainly should not de-
crease, the reinforcing capacity of food. If breaking points
under the PR schedule are assumed to provide an index of
the reinforcing effectiveness of the scheduled event (i.e., food
delivery), as they are suggested to be (10,11,29), the present
data and those reported by Schulze and Paule (24) suggest that
acute administrations of morphine reduced, not increased, the
reinforcing effectiveness of food. Moreover, data from a pre-
vious study (13) indicate that acute administrations of cocaine,
which produces anorectic effects (27), increased the reinforc-
ing effectiveness of food, insofar as the drug increased break-
ing points under a PR 5 schedule. Clearly, caution is justified
in interpreting such findings. As Jones et al. (13) indicated,
“Drugs may influence schedule-controlled responding through
many behavioral mechanisms (15,19), and it should not be

automatically assumed that drug-induced changes in PR break-
ing points provide an uncontaminated index of the relative
effectiveness of the scheduled reinforcer” (p. 330). For exam-
ple, morphine produces substantial sedation (12), and may
reduce PR response rates and breaking points through this
mechanism, regardless of its effects on ingestive behavior.

Finally, as studies of the effects of lesions of the ventrome-
dial hypothalamus (VMH) clearly demonstrate, the effects of
a given perturbation on food-related behavior may depend
critically on the specific behavior being indexed, and the
assays used to index that behavior. Rats with bilateral VMH
lesions become very obese when given access to palatable
food, but expend less energy than nonlesioned rats to procure
food (22). For instance, Teitelbaum (26) reported that rats
with VMH lesions lever-pressed more than nonlesioned rats to
produce food under an FR 1 schedule, but pressed less than
nonlesioned controls when the ratio requirement increased. At
FR 256, the lesioned animals failed to produce a single pellet
during a 12-h experimental session, whereas controls re-
sponded frequently and produced many pellets. The effects of
opioids on feeding, although less striking, are apt to be simi-
larly complex, as is generally recognized (2,14). Multidiscipli-
nary research, using a range of behavioral and neuropharma-
cological techniques, will undoubtedly be required to tease out
and clarify those effects.
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