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Effects of morphine, naltrexone, and dextrorphan
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Abstract. Six pigeons, trained to peck a response key on a
fixed-ratio 20 schedule of food reinforcement, were used to
examine the effects of morphine, naltrexone, and dextror-
phan, before, during, and after chronic treatment with
increasing doses of morphine (10.0-100.0 mg/kg/day).
Tolerance developed to the rate-decreasing effect of the
daily maintenance doses of morphine within 2 days of each
dose increase. A small amount of tolerance to morphine
and supersensitivity to naltrexone was evident within the
1st week of morphine treatment (10.0 mg/kg/day). Con-
tinued administration of morphine (32.0—100.0 mg/kg/day)
produced further tolerance to morphine and supersensitiv-
ity to naltrexone, as evidenced by a 5-fold increase in the
dose of morphine, and 1,000-fold decrease in the dose of
naltrexone, necessary to suppress responding. By the 4th
week of treatment (100.0 mg/kg/day), a modest tolerance
had also developed to the rate-decreasing effects of
dextrorphan. Suppression of responding by naltrexone, but
not morphine or dextrorphan, was accompanied by a loss in
body weight over the 1- to 2-h session in morphine-main-
tained pigeons; both weight loss and reduced response rates
also occurred on termination of morphine treatment.
Sensitivity to the rate-decreasing effects of morphine and
naltrexone was near normal within 10 days following
termination of morphine treatment. The dramatic changes
in sensitivity to naltrexone and morphine produced by daily
morphine injections, as well as the ability to generate
complete dose-effect curves within a single session, indicate
that this behavioral preparation may provide sensitive
concurrent measures of narcotic tolerance and supersensi-
tivity to antagonists in the pigeon.
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The behavioral effects of narcotic agonists and antagonists
can vary markedly, depending on the pharmacological and
behavioral history of the subject. For example, doses of
narcotic antagonists that have no behavioral effects in
narcotic-naive animals, can have dramatic effects on
behavior in subjects that have received either single (Meyer
and Sparber 1977) or multiple (Gellert and Holtzman 1979;
Valentino et al. 1983; Villarreal and Karbowski 1974)
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injections of narcotic agonists. In pigeons, daily injections
of 100.0 mg/kg morphine have been shown to produce a
300-fold increase in sensitivity to the rate-decreasing effects
of naltrexone (Valentino et al. 1983). Conversely, doses of
narcotic agonists that suppress schedule-controlled behav-
ior in untreated animals, fail to affect responding signifi-
cantly in animals that have been treated chronically with a
morphinelike compound (Hirschhorn and Rosecrans 1974;
McMillan 1974; McMillan and Morse 1967; Woods and
Carney 1978).

Tolerance to narcotic agonists and supersensitivity to
narcotic antagonists can therefore occur from the same
pharmacological treatment (i.e., repeated administration
of a morphinelike compound). Supersensitivity to agonists
and antagonists can also develop from the prior adminis-
tration of the antagonist itself (Pert and Snyder 1976;
Spealman et al. 1981; Tang and Collins 1978; Zukin et al.
1982); however, this does not appear to be the case in
pigeons (Goldberg et al. 1981). The development of
tolerance to agonists with chronic administration of mor-
phine has been demonstrated previously (e.g., McMillan
and Morse 1967); a quantitative, concurrent comparison of
the changes in sensitivity to morphine and naltrexone that
result from morphine treatment has, however, not been
described in the pigeon.

The purpose of the present study was to examine the
changes in sensitivity to the rate-decreasing effects of
morphine and naltrexone in pigeons treated chronically
with increasing doses of morphine. Stereospecificity of any
morphine-induced change was evaluated by periodically
assessing the rate-decreasing effects of dextrorphan, the
non-opiate dextro-isomer of the narcotic agonist levorpha-
nol (e.g., Herling et al. 1980, 1983). In addition, several
days after the termination of morphine treatment, pigeons
were again tested with each of the three compounds in
order to assess the recovery of normal sensitivity.

Materials and methods

The subjects used in this experiment were six White
Carneaux pigeons maintained at 80% of their free-feeding
weight. The animals were housed individually with water
and grit freely available; in addition to mixed grain earned
during the experimental session, the reduced body weight
was maintained by supplemental feeding (mixed grain and
Purina Pigeon Checkers) in the home cage after each
session. The subjects were weighed immediately before and
after each session. In a previous experiment these subjects
had received either phencyclidine or morphine; however,
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they had been maintained drug-free for at least 6 months
prior to the present experiment.

Apparatus. Experiments were conducted in ventilated,
sound-attenuated chambers measuring 36 cm high X 28 cm
wide X 33 cm long (Ferster and Skinner 1957). Located on
one wall, approximately 25 cm from the chamber floor,
were three translucent response keys (2.4 cm diameter). In
the present experiment, only the center key was used.
During food availability the center key was transillumi-
nated red by a 7-W light located behind the key.
Responding was maintained by 4-s access to mixed grain
made available via a hopper that pivoted into an opening in
the wall, directly below the response key. During food
presentation the key light was off and a white light
illuminated the hopper opening. Control of experimental
events, data collection, and recording was accomplished
with a Texas Instruments 960A computer and cumulative
response recorders (Ralph Gerbrands, Arlington, MA)
located in a separate room.

Procedure. Experimental sessions were conducted 5-—7
days per week. Each session consisted of several discrete
trials, each 15 min in duration. Each trial was preceded by
an IM injection of either saline or drug, after which the
subject was placed in the experimental chamber for a
pretreatment period of 10 min. During this time the
chamber was dark and key-peck responses had no exper-
imental consequence. After the 10-min pretreatment was a
5-min period, during which the response key was illumi-
nated red and a maximum of 10 reinforcements could be
earned on a fixed-ratio 20 schedule of food delivery. The
trial ended after 10 food presentations or 5 min, whichever
occurred first.

Prior to morphine treatment, dose-effect curves were
determined for naltrexone, morphine, and dextrorphan. A
cumulative dosing procedure was used, whereby increasing
doses of a compound were administered prior to each trial.
The actual amount of drug administered on each trial,
except the first, was the difference (e.g., 2.2 mg/kg)
between the cumulative dose for that trial (e.g., 3.2 mg/kg)
and the cumulative dose of the preceding trial (e.g.,
1.0 mg/kg). All drugs were administered up to doses that
suppressed responding completely; each dose-effect deter-
mination was preceded by a minimum of six nondrug
sessions. On nontest days, pigeons were injected with saline
for two or five trials.

Once the initial dose-effect curves had been deter-
mined, subjects were treated with increasing doses of
morphine and periodically administered naltrexone, mor-
phine, or dextrorphan using the cumulative dosing proce-
dure described above. Daily maintenance doses of mor-
phine were given IM 8 h before each experimental session,
using the following treatment schedule: days 1-7,
10.0 mg/kg morphine; days 8—14, 32.0 mg/kg morphine;
days 15—21, 100.0mg/kg morphine; days 22-27,
100.0 mg/kg morphine. Cumulative dose-effect curves were
determined for morphine and naltrexone on the S5th and 7th
day, respectively, of each of the first three treatment
periods. In addition, dextrorphan was tested on the second,
morphine on the 4th, and naltrexone on the 6th day of the
last 6 days of treatment with 100.0 mg/kg/day morphine.
Finally, the rate-decreasing effects of morphine, naltrex-

one, and dextrorphan were redetermined 5, 8, and 11 days,
respectively, after termination of morphine treatment.

Drugs. The drugs used in these experiments were naltrex-
one hydrochloride (Endo Laboratories, Garden City, NY),
morphine sulfate (Merck Pharmaceuticals, St. Louis, MO),
and dextrorphan tartrate (Hoffmann-La Roche, Nutley,
NJ). All drugs were dissolved in 0.9% sterile saline, and
injected IM in a volume of approximately 1 ml/kg body
weight. Doses are expressed in the forms given above.

Results

Prior to morphine treatment and during saline sessions of
five trials, the mean control response rate was 3.44 + (.75
responses/sec. The mean response rate per trial was: Trial 1
(T1) =3.61 £ 0.77; T2 =3.56 £ 0.75; T3 = 3.48 = 0.72; T4
=3.31 £0.73; T5 = 3.22 £ 0.77. Expressed as a percentage
of the mean saline rate for all six pigeons, these control rates
varied from 104.9% on Trial 1 to 93.6% on Trial 5. The
consistency of response rates across trials allowed the
expression of drug effects relative to the averaged rates of
responding across trials.

Naltrexone, morphine, and dextrorphan reduced re-
sponding in a dose-dependent fashion to less than 10% of
the saline control rate at doses of 100.0, 32.0, and
10.0 mg/kg, respectively (open symbols, Figs. 1 and 2).

Morphine tolerance. Daily administration of morphine
(10.0—-100.0 mg/kg/day) produced increasing tolerance.
After 5 days of treatment with 10.0 mg/kg morphine, the
response-rate dose-effect curve for morphine was altered
slightly by intermediate doses, although the dose required
to suppress responding to less than 10% of the control rate
was unchanged (Fig. 1a, right panel).

By the 2nd week of morphine treatment
(32.0 mg/kg/day), the morphine dose-effect curve had
shifted approximately 0.75 log units to the right (Fig. 1b,
right panel). While responding was markedly suppressed at
56.0 and 100.0 mg/kg morphine, only a dose of 178.0 mg/kg
reduced the mean response rate to less than 10% of the
saline control rate. Note that in the untreated condition a
cumulative dose of 3.2 mg/kg morphine suppressed re-
sponding by approximately 50%; after 7 days of 10.0 mg/kg
and, subsequently, 5 days of 32.0mg/kg morphine,
3.2 mg/kg morphine had no marked effects on respond-
ing.

Tolerance to the rate-decreasing effects of morphine
continued to increase during the 4th week of morphine
treatment, during which time the maintenance dose of
morphine was 100.0 mg/kg/day; however, the dose neces-
sary to suppress responding completely did not increase
further (Fig. 1c and d, right panels). Additional tolerance
to the rate-decreasing effects of morphine was demon-
strated by the total lack of effect of a cumulative dose of
10.0 mg/kg morphine under this condition, relative to the
effects of this dose when given earlier in the study.

Tolerance also developed rapidly to the rate-decreasing
effects of the daily maintenance dose of morphine. On the
1st day of treatment at each of the three doses of morphine,
responding was suppressed by 18%—42%. By the 2nd day
of treatment at each dose, however, response rates had
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Fig. 1. Dose-effect curves for the rate-decreasing effects of
cumulative doses of naltrexone (left panels) and morphine (right
panels) administered 8 h after injection of the daily maintenance
dose of morphine (a-d) and after termination of morphine
treatment (e). a 10.0 mg/kg/day morphine; b 32.0 mg/kg/day
morphine; ¢ 100.0 mg/kg/day morphine (week 1); d 100.0 mg/kg/
day morphine (week 2); e postmorphine treatment. Ordi-
nate: the average response rate for six pigeons, =1 SEM,
expressed as a percentage of the saline control response rate over
five trials prior to morphine treatment, with each animal serving as
its own control. Abscissa: dose of naltrexone or morphine in
milligrams per kilogram. The open symbols in each panel
represent control dose-effect curves determined prior to morphine
treatment
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Fig. 2. Dose-effect curves for the rate-decreasing effects of
cumulative doses of dextrorphan before, during, and after chronic
morphine treatment. Open symbols represent a control dose-effect
curve before morphine treatment; dextrorphan was also tested on
day 9 of treatment with 100.0 mg/kg/day morphine (closed circles)
and 11 days after termination of morphine treatment (closed
diamonds). Other information as in Fig. 1

recovered considerably and were not markedly different
from saline control rates.

Naltrexone sensitivity. The naltrexone response-rate dose-ef-
fect curve determined on the 7th day of 10.0 mg/kg/day
morphine was shifted 0.25 log unit to the left, as compared
to the control dose-effect curve (Fig. la, left panel). In
untreated pigeons, a cumulative dose of 100.0 mg/kg
naltrexone suppressed responding completely in five of six
pigeons. After treatment with 10.0 mg/kg morphine, how-
ever, all six pigeons were suppressed by a cumulative dose
of 56.0 mg/kg naltrexone.

By the 2nd week of morphine treatment
(32.0 mg/kg/day), the naltrexone dose-effect curve had
shifted to the left by a factor of 100 (Fig. 1b, left panel). A
cumulative dose of 1.0 mg/kg naltrexone decreased the
mean response rate to less than 10% of the control rate, and
even the smallest dose tested (0.32 mg/kg) suppressed
responding by 30%. The continuation and partial recovery
of the naltrexone dose-effect curve at doses greater than
1.0 mg/kg is the result of a single subject that continued to
respond at these large doses.

As a result of the dramatic shift to the left in the
naltrexone dose-effect curve by the 2nd week of daily
morphine treatments, subsequent dose-effect determina-
tions utilized smaller doses of naltrexone. In contrast to the
apparent ceiling effect observed for the dose of morphine
necessary to suppress responding completely, sensitivity to
naltrexone’s rate-decreasing effects increased by an addi-
tional factor of 10 between the 2nd (32.0 mg/kg/day) and
3rd (100.0 mg/kg/day) weeks of morphine treatment. Thus,
when pigeons had been treated with 10.0, 32.0, then 100.0
mg/kg/day morphine, the dose of naltrexone necessary to
suppress responding completely was 1/17000 the dose that
suppressed untreated pigeons. Pigeons appeared to be
slightly more sensitive to the rate-decreasing effects of
0.032 mg/kg naltrexone during the second week of 100.0
mg/kg/day treatment (Fig. 1d, left panel).

Dextrorphan  sensitivity. The cumulative dextrorphan
dose-effect curve determined on the 9th day of treatment
with 100.0 mg/kg/day morphine was shifted to the right 0.5
log units relative to the control dose-effect curve (Fig. 2,
closed and open circles). In the untreated condition, five of
six pigeons were suppressed completely by a cumulative
dose of 10.0 mg/kg dextrophan. During morphine treat-
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ment, this dose of dextrorphan suppressed rates by only
50% —60%, and a cumulative dose of 32.0 mg/kg was
necessary to suppress responding completely.

Weight loss and response rates. During chronic morphine
treatment, rate suppression produced by cumulative doses
of naltrexone was accompanied by a loss in body weight. In
the 1st week of morphine treatment (10.0 mg/kg/day)
naltrexone produced less than 0.5% loss of the presession
body weight. This contrasts with a greater than 1% weight
gain over a morphine test during the same week. As the
daily dose of morphine increased, the amount of weight loss
occurring during naltrexone test sessions increased to a
maximum loss of 2.16 £ 0.78% during the ist week of
treatment with 100.0 mg/kg/day morphine. Cumulative
doses of morphine or dextrorphan did not produce a
consistent weight change during chronic morphine treat-
ment, although an increase in body weight of 1.84 + 0.99%
occurred with morphine during the second week of
treatment at 100.0 mg/kg/day morphine.

On the last day of morphine treatment a cumulative
dose-effect curve was determined for naltrexone. Over the
next 48 h the mean response rate was markedly reduced,
and body weight decreased by an average of 2.97 + 0.56%
(i.e., approximately 13 g), despite approximately a 50%
increase in the amount of food given in the home
cage.

Recovery of drug sensitivity. Upon termination of chronic
morphine, the sensitivity of pigeons to the rate-decreasing
effects of morphine and naltrexone returned to near normal
within several days (Fig. 1e). Five days after termination of
chronic morphine, a cumulative dose of 56.0 mg/kg mor-
phine was necessary to suppress responding completely,
although the overall mean rate was less than 10% of the
saline control rate at a cumulative dose of 32.0 mg/kg
morphine (Fig. 1e, right panel). Three days later (8 days
after termination of morphine), naltrexone sensitivity was
redetermined and a cumulative dose of 56.0 mg/kg sup-
pressed the mean response rate to less than 10% of the
saline control rate, and omly a dose of 100.0 mg/kg
suppressed completely in each of the six pigeons (Fig. le,
left panel). Thus, despite the administration of large doses
of morphine on the Sth day after chronic morphine
treatment, the sensitivity of these animals to the rate-de-
creasing effects of naltrexone had recovered almost com-
pletely (i.e., shifted to the right by a factor of 560) over a
period of 8 days.

Three days after redetermination of the naltrexone
dose-effect curve (11 days after termination of morphine),
the dextrorphan dose-effect curve remained shifted to the
right approximately 0.5 log units (Fig. 2, closed diamonds).
Furthermore, a cumulative dose of 10.0 mg/kg dextrorphan
affected responding significantly less after chromnic mor-
phine, than had been the case during or before morphine
treatment. After morphine treatment, all three compounds
produced a small increase in body weight over the test
session.

Discassion

These results clearly demonstrated the dramatic changes in
sensitivity to narcotic agonists and antagonists that result
from the repeated daily administration of large doses of

morphine in pigeons. These data further indicate that
enhancement of naltrexone’s rate-decreasing effects, and
attenuation of morphine’s rate-decreasing effects, develop
very rapidly and increase in magnitude with the continued
administration of morphine. When morphine treatment
was terminated, however, the sensitivity of pigeons to the
behavioral effects of naltrexone and morphine returned to
near normal within several days.

Previous studies have demonstrated the development
of tolerance to the rate-suppressing effects of opiate
agonists in the pigeon, using a variety of experimental
procedures (Heifetz and McMillan 1971; McMillan 1974;
McMillan and Morse 1967; McMillan et al. 1971; Woods
and Carpey 1978). The parameters for inducing tolerance,
as well as the persistence of tolerance once morphine
treatment is terminated, have not been well documented.
While a dose of 10.0 mg/kg morphine administered once
per week was insufficient to produce tolerance to the
behavioral depressant effects of morphine (McMillan and
Morse 1967, Witkin et al. 1982), if this dose was
administered five times per week, significant tolerance
developed to the rate-suppressing effects of morphine
(McMillan and Morse 1967). The results of the present
study confirm the earlier reports in that daily administra-
tion of 10.0 mg/kg, for as little as 5 days, resulted in a
detectable shift to the right in the morphine dose-effect
curve. It is likely, however, that maximal tolerance to
10.0 mg/kg morphine was not achieved in the present study,
since more than 7 days of treatment are necessary to
produce maximal tolerance to this dose of morphine
(McMillan and Morse 1967; McMillan et al. 1971).

With regard to the morphine maintenance dose, the
relative dose dependency of these changing effects of
morphine and naltrexone cannot be determined. A fixed
dose of morphine administered over the same time period
may have produced results similar to those obtained with
increasing doses of morphine. The rapid disappearance of
tolerance to the rate-decreasing effects of morphine in the
present study, after termination of daily morphine injec-
tions, was shorter than that reported previously (McMillan
et al. 1971). Just as the manifestation of withdrawal signs in
narcotic-dependent animals depends upon a number of
pharmacological and behavioral variables (Blasig et al.
1973; Gellert and Holtzman 1978), differences in the rates
of recovery to the behavioral effects of morphine may be
influenced by the frequency and duration of morphine
treatment as well as the degree of dependence at the time of
morphine termination. Since the animals in the present
study were tested with naltrexone on the last day of
morphine treatment, the naltrexone may have altered the
return to normal weight, food intake, and response rates.
Further studies are needed to establish the relationship
between maintenance and withdrawal parameters, and the
rate of recovery of narcotic dependence and tolerance.

Morphine-treated animals show a dramatic response to
doses of narcotic antagomists that have little or no

‘behavioral effects in narcotic-naive animals (Gellert and

Holtzman 1979; McMillan et al. 1971; Meyer and Sparber
1977; Valentino et al. 1983; Villarreal and Karbowski 1974;
Young and Thompson 1978). Valentino et al. (1980, 1983)
showed that doses of naltrexone that produced reliable
discriminative control in morphine-treated pigeons were
100—300 times smaller than doses necessary to maintain
discriminative effects in narcotic-naive pigeons. Further-



more, morphine-treated pigeons were approximately 300
times more sensitive to the rate-decreasing effects of
naltrexone. The present study extends earlier findings on
the behavioral effects of naltrexone in the presence of
morphine, and demonstrates the rapid onset and offset of
the development of supersensitivity to narcotic antagonists.
Furthermore, increased sensitivity to naltrexone in the
present study was of a larger magnitude than previously
reported for morphine-treated pigeons (Valentino et al.
1983), despite the same maintenance dose of morphine
(100.0 mg/kg/day). The difference in results may be due to
procedural differences.

In morphine-maintained pigeons, administration of
naloxone (Young and Thompson 1978) or termination of
chronic morphine treatment (Woods and Carney 1978)
results in a significant and reliable loss in body weight. In
morphine-dependent rats, weight loss is highly correlated
with either the administration of a narcotic antagonist or
the termination of morphine treatment (e.g., Gellert and
Holizman 1979). While the behavioral signs of opiate
withdrawal in the pigeon have not been described, a
consistent weight loss occurred in the present study when
morphine-treated pigeons were challenged with cuamulative
doses of naltrexone. Despite approximately a 50% increase
in the amount of food given in the home cage, these animals
lost weight upon termination of morphine treatment.

It has been shown that dextrorphan, the non-opiate
enantiomer of levorphanol, does not have morphinelike
discriminative effects in the pigeon (Jarbe 1978; Herling et
al. 1980). Furthermore, in pigeons trained to discriminate
dextrorphan from vehicle, naltrexone failed to antagonize
the discriminative effects, but antagonized slightly the
rate-decreasing effects of dextrorphan (Herling et al. 1983).
The antagonism by naltrexone of the rate-decreasing effects
of dextrorphan suggests that this action of dextrorphan
may, in part, be an opiate effect. Data from the present
study support this suggestion, in that tolerance developed
to dextrorphan during chronic morphine treatment. How-
ever, the interpretation of this result is not clear, due to the
lack of recovery of the rate-decreasing effects of dextror-
phan after termination of morphine treatment. The relative
involvement of opiate mechanisms in the rate-decreasing
effects of dextrorphan, therefore, have yet to be assessed
adequately.

This experiment demonstrates that marked and rapid
changes in sensitivity to the rate-decreasing effects of
morphine and naltrexone develop from the repeated daily
administration of morphine. The dramatic weight loss and
supersensitivity to naltrexone during morphine treatment,
as well as the rapid recovery of normal sensitivity to
naltrexone, indicate that schedule-controlled responding
could be used to characterize the influence of various
parameters of narcotic tolerance and dependence in the
pigeon. This behavioral preparation may have some
advantage over others in that a variety of influences may be
expressed in terms of changes in rate of responding. Unlike
single dose experiments, the cumulative dosing procedure
used in the present experiment allows for the determination
of a complete dose-effect curve within a single experimental
session. The effects of more than one drug can thus be
assessed in the same animal over a relatively short period of
time. This procedure, therefore, may be particularly
advantageous when studying two dynamic physiological-be-
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havioral processes, such as opiate tolerance and supersen-
sitivity.
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