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THOMPSON, T., J. HONOR, S. VERCHOTA AND J. CLEARY. Interval and ratio reinforcement contingencies as
determinants of methadone’s effects. PHARMACOL BIOCHEM BEHAYV 21(5) 743-747, 1984.—The effects of methadone
hydrochloride on lever pressing rats maintained under multiple fixed-interval and fixed-ratio, or multiple variable-interval
and variable-ratio reinforcement schedules equated for reinforcement density were examined. Under a multiple fixed-
interval, fixed-ratio schedule overall response rate was decreased during both components but was most affected under the
ratio schedule. Response rate decreases were due primarily to changes in running rate rather than pause time. Under a
multiple variable-interval, variable-ratio schedule, overall response rate was also decreased by methadone, with the
greatest decrease again occurring during the ratio schedule, These schedule-specific methadone effects are not due to
differences in reinforcement frequency. Evidence for rate-dependency with methadone is not consistent across subjects.

Methadone Mutltiple fixed-interval fixed-ratio

METHADONE, a synthetic narcotic used to treat opiate-
dependence, owes its effectiveness primarily to the drug’s
ability to reduce the control which heroin and other narcotics
exert over the patient’s behavior. During heroin detoxifica-
tion, methadone ameliorates narcotic withdrawal symptoms
and reduces the reinforcing efficacy of opiates. In addition,
methadone is thought to have relatively fewer deleterious
effects on behavior when compared to the commonly abused
narcotics [3]. One clinical side-effect of methadone treat-
ment is the drug’s tendency to suppress behavior. In hu-
mans, this effect is characterized by lethargy and torpor [17].
Similarly, other researchers have reported drowsiness a
common side-effect in patients during methadone mainte-
nance treatment [18].

In laboratory animals, methadone’s effects are also be-
havior suppressing and are manifested by dose-dependent
decreases in overall operant response rates (e.g., [9]) al-
though low doses may increase rates slightly under some
conditions. In this respect, methadone’s effects parallel
those of morphine and other narcotic analgesics (e.g., [1]. In
general, performance decrements under narcotic analgesics
are consistent at moderate to high doses; low doses are
either ineffective or increase operant response rates slightly.

The behavior-suppressing effect of a drug may depend on
schedule of reinforcement or baseline rate of response as
well as drug dose. Under multiple fixed-ratio, fixed-interval
schedules (mult FI FR), methadone often reduces respond-
ing in the FR component more than in the FI component.
McMillan, McGivney, and Hardwick [11] reported that
under a multiple FR 10 FI 90 min schedule of food presentation
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rats showed dose-dependent decreases in responding under
both schedules but greater reductions, proportional to
baseline rates, under the FR schedule. Similar disporpor-
tionate decreases in FR performance have been reported for
pigeons responding under multiple FI FR schedules and
treated with methadone [7,9]. The schedules used in the
above studies typically generate different response rates dur-
ing the two schedules and also very different reinforcement
rates.

EXPERIMENT 1

Differential effects of methadone on performances main-
tained under interval and ratio schedules could be related to
the different baseline reinforcement frequencies engendered
by the two schedules. The purpose of the first experiment
was to determine the effect of acutely administered
methadone on responding maintained under fixed-ratio and
fixed-interval schedules which were equated for reinforce-
ment frequency.

METHOD
Subjects

Six adult male Sprague Dawley rats, weighing 350-400
grams, served as subjects. They were individually housed in
a colony room maintained at 24° centigrade under constant
illumination. Rat chow was always available, but water was
restricted to no more than one-half hour after each experi-
mental session (23 hours water deprivation).
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Apparatus

Experimental sessions were conducted in commercially
available operant chambers (Mode! E10-10, Coulbourn In-
struments, Inc.), equipped with two levers and a 3-light dis-
play over each lever. Each dipper presentation delivered
0.08 ml of water for 5 seconds. Chambers were housed in
sound-attenuated enclosures and masking noise was present
throughout the experimental session. Commercially avail-
able electro-mechanical control and recording equipment
was located in an adjacent room.

Procedure

Initially, rats were water deprived for 23 hours and
trained to press either lever by reinforcement of successive
approximations. Each lever press resulted in the presenta-

~ tion of the dipper and dipper light for 5 seconds. Across
several sessions rats were trained to press the right lever
when a red light was illuminated over that lever and to press
the left lever in the presence of a green light above that lever.
When responses reliably occurred to both levers in the pres-
ence of the appropriate light, the response requirements
were slowly changed. The terminal schedule was a multiple
fixed-ratio, fixed-interval schedule (mult FR FI). Sessions
always began with the light over the left lever illuminated
and the first response after 10 seconds on this lever produced
reinforcement (FI 10 sec). After 5 minutes under these condi-
tions the light over this lever was extinguished and the light
over the right lever illuminated. For the next 5 minutes, a
fixed number of responses on this lever produced the dipper.
To equate the number of reinforcers presented in each com-
ponent, the fixed-ratio requirement was periodically ad-
justed for each animal. The range of ratio values used was
22-48, with an average of 37 responses required for each
dipper presentation during the FR component. This value
could be adjusted up or down daily but was always the same
during the three sessions prior to each drug injection. Re-
sponses on the incorrect lever were counted as errors and
resulted in a 10 second timeout period during which all lights
were extinguished. Correct responses during timeout were
counted, but incorrect responses reset the timeout period.
The timeout was added to facilitate training, and once
trained, subjects very rarely made errors. Components
alternated sequentially (FI-FR-FI-FR) until each component
had been presented twice. A 10 second blackout was inter-
posed between each component change.

Methadone was given only when performance was stable
for 3 days. Performance was considered stable when each of
three consecutive sessions produced overall response rates
in each component within 10% of the mean for those three
days. At least one of the three stability criterion sessions
must have included a vehicle injection. In addition to the
above stability criterion, differences between the reinforce-
ment frequency of the two schedules could not be greater
than 4 reinforcers on any criterion day.

Drug Preparation and Administration

Methadone hydrochloride powder (Eli Lilly Inc.,
Chicago, IL) was mixed with isotonic saline (0.9%) to obtain
a constant injection volume of 1.0 mlkg., Doses of
methadone (0.5,-1.0, and 2.0 mg/kg) were expressed as the
total salt and all injections were given intraperitoneally 20
minutes before the session. Vehicle injections were isotonic
saline. Each rat received each dose of methadone twice in a
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FIG. 1. Mean responses per minute expressed as a percentage of the
saline control rate (top half). Mean running rate in each component
expressed as a percentage of the saline control running rate (bottom
half). Running rate was calculated by dividing the number of re-
sponses in each component by total time in each component minus
the time from reinforcement until the first response. Brackets equal
one SEM under drug and enclose plus and minus one SEM under
saline.

random order. At least 5 days separated each methadone
administration.

RESULTS

Methadone reduced mean overall lever pressing rates
under both schedules. Mean control response rate under the
FI schedule was 37.8 responses per minute (SE=3.2), and
under the FR was 146.9 responses per minute (SE=4.7).
Under methadone, mean rates were 36.1, 30.6, and 20.1 re-
sponses per minute for the F1, and 142.8, 118.8, and 48.1 for
the FR, at respective doses of 0.5, 1.0, and 2.0 mg/kg.
Analysis of variance with repeated measures (RMANOVA)
revealed a significant, F(11,121)=45.55, p<0.0!, and multi-
ple comparison tests (t.¢p) showed response rates at 1.0 and
2.0 mg/kg methadone were significantly different from their
control means (p<<0.01) under both schedules. The upper
half of Fig. 1 presents these rate changes as a percentage of
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their control values. The highest methadone dose reduced
overall rates more under the FR than under the FI (Wilcoxon
matched-pair’s sign-rank test, p=0.03). Examination of
cumulative records on drug days revealed subjects’ response
rates were not typically reduced only in a single component
or portion of the session.

The lower portion of Fig. 1 shows the mean running rate
as a percent of the saline baseline. Running rate was calcu-
lated by dividing the total number of responses in each com-
ponent by the total time in each component minus the post-
reinforcement pause (time from reinforcement until first re-
sponse) for that component, Methadone decreased running
rate under both schedules at 1.0 and 2.0 mg/kg methadone. A
comparison of the lower and upper portions of Fig. 1 shows
that methadone’s effect upon running rate accounts for the
drug’s overall rate decreasing effects. Total mean post-
reinforcement pause time under saline was 294.9 (SE=38.1)
and 133.7 (SE=6.3) seconds for the FI and FR, respectively.
Under methadone these times were 295.7, 318.5, and 326.2
seconds for the FI at doses of 0.5, 1.0, and 2.0 mg/kg, and
140.8, 142.0, and 174.7 for the FR at the same respective
doses. Thus, animals given the highest methadone dose
paused slightly longer after reinforcement.

Mean number of reinforcers presented during baseline
was 39.0 (SE=0.5) per session under FI, and 38.9 (SE=0.3)
under FR. Under methadone, subjects were presented with
39.1, 38.0, and 36.8 reinforcers per session during FI, and
37.7, 31.1, and 13.3 during FR. Mean number of errors (re-
sponses on the wrong lever) was low throughout the study.
Under saline, subjects committed an average of 0.4 errors per
session during the FI and 0.05 errors during FR, Only at the
2.0 mg/kg methadone dose and only under the FR schedule
did errors increase substantially to a mean of 2.75 per ses-
sion.

The upper half of Fig. 2 shows the effect of 2.0 mg/kg
methadone on response rates plotted as function of saline
control rate. Response rates for individual subjects, at each
administration of this dose, are presented. On 7 of 12
methadone administrations behavior was substantially more
affected under the schedule producing a higher baseline rate
(negative slope of line). On these seven occasions effects
could be characterized as rate-dependent. Of these seven,
three represent data from the second administration of this
dose to a given subject.

EXPERIMENT 2

In Experiment 1, under conditions of equal reinforcement
density, methadone produced a greater decrease in lever
pressing maintained by a fixed-ratio schedule relative to
lever pressing maintained by a fixed-interval schedule. Ex-
periment 2 further investigated this effect under a multiple
variable-interval variable-ratio (mult VI VR) reinforcement
schedule, similarly equated for reinforcement density. This
schedule retains the high response requirement under the
ratio component but eliminates any reliable temporal dis-
criminative stimuli under the interval schedule. In addition,
these schedules characteristically produce a more constant
inter-reinforcement response rate with less pausing.

METHOD
Subjects and Apparatus

Eight experimentally naive adult male Sprague-Dawley
rats, weighing approximately 350 grams, served as subjects.
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FIG. 2. Top: Percent of the baseline response rate after 2.0 mgrkg
methadone, plotted as a function of each subject’s predrug baseline
rate of response in Experiment 1. Each subject (N=6) received this
dose twice. Closed symbols represent the first administration, open
symbols represent the second. Bottom: Percent of baseline response
rate after 3.0 mg/kg methadone, plotted as a function of each sub-
ject’s predrug baseline rate in Experiment 2. Each subject (N=8)
received this dose twice, but response rates equal to 0.0 are omitted
from the figure. Closed symbols represent the first administration,
open symbols represent the second.

Rats were housed and maintained as in Experiment 1 and all
equipment was as previously described.

Procedure

Rats were water deprived and trained as in Experiment 1.
The terminal schedule was a -multiple variable-ratio,
variable-interval (mult VR VI). Hence, responses on the
right lever (green light) were reinforced under a variable-
ratio schedule such that an average of 35 responses were
required for reinforcement (VR 35). Responding on the left
lever, under the red light, produced reinforcement under a
variable-interval schedule such that the first response after a
variable number of seconds produced reinforcement. The
parametric value of the interval schedule was periodically
adjusted to equate reinforcement density between the two
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components, The average VI value was 11.3 seconds for all
animals. This value could be adjusted daily for each animal
but was held constant during the three days preceding all
drug injections.

Sessions always started with the VR component and

alternated regularly thereafter (VR-VI-VR-VI). Each com-
ponent was 315 seconds long with a one second blackout
interposed between components. To facilitate training, a re-
sponse on the incorrect lever was counted as an error and
produced a brief (1.5 sec) blackout.
"~ Methadone was administered when overall rates of re-
sponding and inter-reinforcement intervals were stable under
both components. Responding was considered stable when
response rates for five of six consecutive sessions were
within 10 percent of the six day mean. At least one of these
days included a vehicle control injection. In addition, the
number of reinforcer presentations could not differ by more
than 10 percent between components.

Drug Preparation and Administration

Methadone was prepared and administered as in Experi-
ment 1. Doses of methadone used were 1.0, 1.7, and 3.0
mg/kg expressed as the total salt. Vehicle injections were
isotonic saline. Each animal received each dose twice. At
least 5 days separated each methadone injection.

RESULTS

Methadone reduced overall response rates under both re-
inforcement schedules. Mean control response rate under
the VR schedule was 202.7 (SE=12.1) responses per minute,
and under the VI was 73.7 (SE=35.9) responses per minute.
Under methadone, mean rates were 174.2, 145.7, and 85.4
responses per minute for the VR, and 69.3, 65.9, and 35.9
responses per minute for the VI, at respective doses of 1.0,
1.7, and 3.0 mg/kg. Repeated measures analysis of variance
produced a significant F(11,165)=43.58, p<0.001. Multiple
comparison tests (t.sn) showed significant differences be-
tween mean saline control rates and methadone rates at 3.0
mg/kg under the VI, and at 1.7 and 3.0 mg/kg under the VR.
Figure 3 presents these rates as a percentage of their control
values. Typically, responding was reduced throughout the
session rather than in any one portion. As in Experiment 1,
methadone reduced overall rates more under the ratio
schedule than under the interval schedule. A Wilcoxon
matched-pair’s sign-rank test of schedule differences (per-
cent c&ntrol) yielded p=0.039, p=0.011, and p=0.055 at re-
spective doses of 1.0, 1.7, and 3.0 mg/kg.

Mean number of reinforcers presented during control
sessions was 40.0 (SE=0.98) under the VR and 38.7
(SE=0.91) under the VI. Under respective methadone doses
of 1.0, 1.7, and 3.0 mg/kg, subjects were presented with 34.3,
30.6, and 17.6 reinforcers per session during VR, and 38.3,
37.6, and 25.1 during V1. Mean control errors (responses on
the wrong lever) were 2.2 per session during VR, and 2.3
errors per session during VI. Under methadone, error rates
were 1.5, 2.2, and 1.3 during VI, and 4.9, 7.4, and 5.7 during
the VR, at respective doses of 1.0, 1.7, and 3.0 mg/kg.

The lower portion of Fig. 2 shows the rate changes, under
3.0 mg/kg methadone, plotted as a function of the baseline
rate. Data for individual subjects at each administration are
presented. Six of twelve methadone administrations show
effects that could be considered rate-dependent. Of these
rate-dependent performance relationships, two are based on
data from the second administration of that dose. No sub-
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FIG. 3. Mean responses per minute expressed as a percentage of the
saline control rate, across doses of methadone. Brackets equal one
SEM under drug and enclose plus and minus one SEM under saline.

ject’s performance showed greater rate-dependence under
the second administration of this dose.

GENERAL DISCUSSION

Drugs other than narcotics have previously been shown
to affect operant performance maintained under ratio and
interval schedules disporportionately. For example,
neuroleptics reduce responding more under FI schedules
than FR schedules (e.g., [6,8]). Similarly, performances
maintained under interval schedules are more semnsitive to
antianxiety drugs than are those maintained under ratio
schedules [15]. Stimulants, such as amphetamine, often af-
fect responding more under ratio schedules that produce
high rates of responding, than under interval schedules [10].

Previous studies also have shown that methadone reduces
responding under ratio schedules more than under interval
schedules [7, 9, 12]. The schedules used in these studies
engendered different rates of response and reinforcement. In
the present experiments methadone decreased responding
maintained under ratio and interval components of multiple
schedules equated for reinforcement density. While re-
sponse rates decreased during both components, the highest
methadone dose affected responding under ratio schedules
proportionately more than under interval schedules. This ef-
fect was consistent across subjects; but, since the rate reduc-
tion was large, the magnitude of the difference between the
reduction under the two schedules was relatively small.
Other narcotics have not consistently affected ratio or inter-
val schedules disporportionately (e.g., [4,10].

‘While the present results rule out baseline reinforcement
frequency as an explanation for methadone’s disporportion-
ate effect upon ratio schedules, they do not rule out a rate-
dependency explanation. However, unlike the stimulants,
the behavioral effects of narcotic analgesics have not previ-
ously been shown to be strongly dependent on baseline rate
of response. Sanger and Blackman [14] reviewed the rate-
dependency literature and found little evidence for such ef-
fects with narcotics, although some rate-dependent effects
have been noted [2, 5, 16]. Middaugh and Santos [13] also
found methadone’s rate-decreasing effects were unrelated to
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baseline response rate. In the present study, methadone

tended to reduce responding more under ratio schedules, and

since ratio schedules generate higher rates than interval
schedules, we would expect to see some correlation between
the proportion of reduction and the baseline rate. However,
substantial rate-dependent effects were seen only on approx-
imately half of the occasions when an effective methadone
dose was given. Thus, a schedule-dependent account of the
present data is more consistent and parsimonious than is a
rate-dependent account,

One explanation for the lessened effect of behavior-
weakening procedures on interval schedules was discussed
by Zeiler [19]. He pointed out that interval schedules have a
regenerative capacity. The probability that a response will be
reinforced is not directly dependent upon response rate, but
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increases as a function of the passage of time. Even under
conditions of infrequent responding, reinforcement fre-
quency may be relatively unaffected. Ratio schedules do not
have this capacity, and reinforcement frequency is de-
creased proportional to response rate. Thus, under interval
schedules but not ratio schedules, evocative and/or stimulus
properties of the reinforcer may serve to regenerate behavior
weakened by drugs.
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