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TOLERANCE TO COCAINE’S RATE-INCREASING
EFFECTS UPON REPEATED ADMINISTRATION

KEvVIN F. ScHAMA AND MARc N. BRANCH

UNIVERSITY OF FLORIDA

Four squirrel monkeys responded daily under a fixed-interval 5-min or 8-min schedule of food-pellet
delivery. Cocaine (0.03 to 1.7 mg/kg) and saline were injected before occasional daily sessions (acute
administration). Some doses of cocaine produced substantial overall increases in response rate for 3
of the subjects; effects were less substantial for the remaining subject, who exhibited modest increases
in response rate early in the session and during the middle portion of the intervals. A dose that increased
response rate when administered acutely was then administered before each session (chronic admin-
istration). Chronic administration resulted in a reduction in the increases in response rate seen under

acute administration for all subjects.
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Behavioral effects of repeated cocaine ex-
posure depend on many factors. An early re-
port by Tatum and Seevers (1929) that after
repeated exposure, behavior can become more
sensitive to the drug has been confirmed by
others (Post & Rose, 1976; Woolverton, Kan-
del, & Schuster, 1978b). In contrast to studies
reporting sensitization, other research shows
that behavior can become less sensitive to co-
caine (tolerance) after repeated administration
(e.g., Branch & Sizemore, 1988; Moore &
Thompson, 1978; Woolverton et al., 1978b;
Woolverton, Kandel, & Schuster, 1978a).

Several generalities with respect to effects
of cocaine and other psychomotor stimulants
upon repeated administration have been ex-
amined (Johanson & Fischman, 1989). For
instance, it has been observed that tolerance to
a drug’s effects on ongoing behavior is more
likely when the drug’s behavioral effects ini-
tially result in a reduction in reinforcement
rate or frequency. In one study using rats,
tolerance occurred to the rate-increasing ef-
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fects of 1.0 mg/kg d-amphetamine when re-
inforcement rate was initially disrupted during
a schedule that reinforced interresponse times
greater than 30 s (Schuster, Dockens, & Woods,
1966). However, tolerance to rate-increasing
effects did not occur when reinforcement rate
was not disrupted under a fixed-interval (FI)
30-s schedule. Thus, the effects of repeated
administration of d-amphetamine depended
on its initial effects on reinforcement rate. This
has become known as the reinforcement-loss
hypothesis, and has been applied to drugs other
than amphetamines, including cocaine (Moore
& Thompson, 1978; Woolverton et al., 1978a,
1978b).

Although interactions between the behav-
ioral effects of drugs and the consequences of
behavior have been shown to be important
(Smith & McKearney, 1977; van Haaren,
1992), the lack of tolerance to stimulant-in-
duced rate increases on FI performance re-
ported by Schuster et al. (1966) is not a con-
sistent finding. One additional study found little
change in cocaine’s rate-increasing effects on
FI shock-termination responding of squirrel
monkeys when the drug was infused contin-
uously (0.1 and 0.3 mg/kg/hr) for 2 weeks
(Howell & Morse, 1989). However, reduction
in initial rate increases has been reported after
studying 0.16 mg/kg d-amphetamine and 0.5
mg/kg [-amphetamine on FI food-maintained
responding of rats (Tilson & Sparber, 1973),
and after studying effects of 0.1 mg/kg d-am-
phetamine on FI responding of squirrel mon-
keys maintained by food delivery, shock ter-
mination, or shock delivery (Branch, 1979)
when drugs were administered once daily be-
fore sessions. Thus, studies that have provided
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an opportunity to observe tolerance to the rate-
increasing effects of stimulant drugs on be-
havior maintained by FI schedules have not
provided a consistent picture. Unsystematic
differences among these studies, which include
species, drug types and doses, maintaining
events, and chronic dosing procedures, make
it difficult to draw firm conclusions about con-
ditions that modulate the effects of repeated
administration of psychomotor stimulants on
FI performance.

Given that the lack of tolerance to the rate-
increasing effects of d-amphetamine on FI
schedules was important for the origination of
the reinforcement-loss hypothesis, it is sur-
prising to find so few studies addressing this
issue. Although cocaine is well known for its
stimulant properties (Johanson & Fischman,
1989), most studies of tolerance to effects of
cocaine on operant behavior have used doses
that initially decreased response rate (e.g.,
Schama & Branch, 1989; Smith, 1990; Wool-
verton & Kleven, 1988). This emphasis on
tolerance to response-rate-decreasing effects of
cocaine stands in contrast to research exam-
ining the effects of acute administration of co-
caine and other stimulants. The rate-increas-
ing effects of drugs from the stimulant class
have been studied rather extensively under
conditions of acute administration, particu-
larly with behavior maintained by FI sched-
ules of reinforcement (e.g., Kelleher & Morse,
1964; Spealman, Goldberg, Kelleher, Gold-
berg, & Charlton, 1977).

Given that the effects of acute administra-
tion of small doses of cocaine and other stim-
ulants on FI performance have been well es-
tablished, it is instructive to examine changes
in these effects as a result of repeated daily
administration. As discussed above, the few
studies conducted so far, when taken as a whole,
have produced mixed and/or ambiguous re-
sults. An examination of the effects of chronic
administration of a dose of cocaine that in-
creases response rate may be an important con-
tribution to a tolerance literature that has fo-
cused on the response-rate-decreasing effects
of cocaine. In addition, an examination of the
effects of repeated cocaine administration on
more detailed aspects of FI performance may
prove to be useful. To this end, the present
experiment examined effects of acute and
chronic cocaine administration on several as-
pects of squirrel monkeys’ lever pressing main-

tained by an FI schedule of food-pellet deliv-
ery.

METHOD
Subjects

Four experimentally naive squirrel mon-
keys, 3 male and 1 female (M 544), were housed
individually with vitamin-enriched water
available at all times. The subjects were main-
tained at 85% of their initial free-feeding body
weights by supplemental feeding approxi-
mately 30 min after daily sessions.

Apparatus

Experimental sessions were conducted with
the subject seated in a Plexiglas chair similar
in construction to that described by Hake and
Azrin (1963). A response lever (Model E21-
03, Coulbourn Instruments) was located to the
right of the subject on the front Plexiglas panel.
Static forces in excess of approximately 30 g
(0.29 N) operated a switch attached to the
lever. These switch closures resulted in a 0.06-s
operation of a relay (feedback) attached to the
base of the chair and were counted as re-
sponses. Three pairs of 28-VDC colored lights
were located above the lever in a horizontal
row behind the Plexiglas wall. A Gerbrands
Model D-1 pellet dispenser could deliver 190-
mg Noyes banana-flavored pellets into a re-
ceptacle positioned to the left of the lever.

During sessions, the subject was placed in
a ventilated, sound-attenuating enclosure lo-
cated in a room with white masking noise con-
tinuously present. An “experiment controller”
(Walter & Palya, 1986), which arranged con-
tingencies and collected data, was located on
top of the enclosure. A Gerbrands Model C-3
recorder also recorded responses.

Procedure

After initial training, lever pressing was
maintained under an FI schedule of food-pellet
delivery. At the beginning of each session, two
white lights over the lever were turned on. The
first response at the end of the programmed
interval resulted in delivery of a food pellet.
When a pellet was delivered, the lights were
extinguished for 0.5 s and turned on again for
2.0 s. Then, a 1-min timeout began, during
which all lights and programmed contingen-
cies were extinguished. At the end of the time-
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Table 1
Number of sessions in each condition.
Condition

Acute Chronic  Chronic
Subject Predrug  cocaine saline cocaine
M541 31 94 7 130
M542 31 138 17 90
M543 27 112 7 141
M544 55 147 9 110

out, the two lights over the lever were again
turned on and the cycle was repeated.

After initial training, the value of the FI
schedule was increased to 5 min over 5 to 7
days for all subjects, and eventually to 8 min
for M544. Sessions ended after eight rein-
forcers had been delivered for subjects on the
FI 5-min schedule and five reinforcers had
been delivered for M544. Sessions were con-
ducted once per day, 7 days per week, at about
the same time each day for each subject, and
began 5 min after the subject was placed in
the chamber.

Determination of Acute
Drug Effects

Determination of the acute effects of cocaine
administration began when inspection of plots
of daily baseline response rates and patterns,
judged by examining index-of-curvature val-
ues (Fry, Kelleher, & Cook, 1960), revealed
stable performance. Table 1 shows the number
of sessions per condition for each subject.

Cocaine hydrochloride (Sigma) was dis-
solved in 0.9% sodium chloride solution. In-

jections of 0.5 mL /kg were made into the thigh
or calf muscle 5 min before a session began.
Injections were separated by at least 4 days.
Several doses of cocaine, in a descending series
(possible range of doses: 1.7 to 0.03 mg/kg),
and saline were administered. Cocaine con-
centrations were determined in terms of the
salt. Table 2 shows the number of injections
of each dose for each subject under each con-
dition. Control values are for all sessions that
immediately preceded those in which injections
were given.

Determination of Chronic
Drug Effects

After studying the effects of acutely admin-
istered cocaine, a dose that had increased re-
sponse rates was selected for each subject. After
initial daily saline administration, this dose
was administered once daily, before each ses-
sion. The particular doses selected for chronic
administration were 0.3 mg/kg for M541, 1.0
mg/kg for M542, 0.1 mg/kg for M543, and
1.0 mg/kg for M544. After responding under
chronic administration became stable, other
doses and saline were substituted for the chronic
dose at least twice (see Table 2). Substitutions
were separated by at least 4 days. Data for
administration of the chronic dose are from all
sessions that immediately preceded a substi-
tution.

RESULTS

Control responding was characterized by
pauses at the beginning, positive acceleration

Table 2

Number of observations.

Dose (mg/kg)

Subject Condition Control  Saline 0.03 0.1 0.3 1.0 1.3 1.7

M541 acute 18 4 3 3 3 3 2 —
chronic 0.3 mg/kg

cocaine — 4 2 3 16 4 3 —

M542 acute 18 3 2 4 5 2 2 —
chronic 1.0 mg/kg

cocaine — 3 2 2 2 12 3 —

M543 acute 17 3 2 5 4 3 — —
chronic 0.1 mg/kg

cocaine — 2 3 13 5 3 — —

M544 acute 29 2 2 5 8 5 3 4
chronic 1.0 mg/kg

cocaine — 4 2 2 2 14 2 2
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Fig. 1. Cumulative records of lever pressing after sa- Fig. 2. Cumulative records of lever pressing after sa-

line and cocaine injections during acute (left) and chronic
cocaine (right) conditions for M541 and M542. Each rec-
ord represents responding during one session. Time during
the sessions is represented continuously along the abscis-
sae, and the cumulative number of responses is represented
along the ordinates. Effects are shown for doses that were
administered chronically, and records were selected for
which response rate most closely matched the average rate
shown in Figure 3. Pen deflections indicate reinforcer
deliveries.

through the middle, and asymptotic rates to-
ward the end of the intervals (Figures 1 and
2, top left of each frame). An acutely admin-
istered dose of cocaine, which was later given
chronically, increased the responding of M541,
M542, and M544 during most of the session
(Figure 1, bottom left of each frame). This
increase resulted in substantially more re-
sponses occurring during the session. In ad-
dition, when administered acutely, the dose
used for chronic administration in M542 and
M544 (1.0 mg/kg) reduced responding of these
subjects at the beginning of the session. This
resulted in an increase in delay to the first
reinforcer for M542. The subsequent transi-
tion from depressed responding to accelerated
responding was abrupt in these 2 subjects, es-
pecially for M542. The lower doses that were
used for chronic administration in M541 and
M543 did not produce rate decreases when
administered acutely. The response rates of

line and cocaine injections during acute (left) and chronic
cocaine (right) conditions for M543 and M544. The re-
cords were selected as in Figure 1.

M543 were not changed by cocaine (0.1 mg/
kg) as much as those of the other subjects.

During daily administration, the rate-in-
creasing effects of the chronic dose of cocaine
were diminished in M541, M542 and M544
(Figure 1, lower right of each frame). In gen-
eral, response rates and patterns during chronic
administration were similar to those after sa-
line injections during acute administration
(compare lower right and upper left records
in each frame). In addition, the response-rate-
decreasing effects at the beginning of the ses-
sion for M542 and M544 were somewhat re-
duced during daily administration. Recovery
was not complete, but M542’s responding in-
creased enough that reinforcers obtained early
in the session were delivered shortly after they
became available, resulting in an increase in
reinforcement rate for this subject. The cu-
mulative records do not reveal substantial
changes in responding of M543 during ad-
ministration of the chronic dose.

Figure 3 displays mean overall response rate
for each subject during acute- and chronic-
administration conditions as a function of co-
caine dose. Acute administration of cocaine
produced dose-dependent increases in response



COCAINE TOLERANCE 49

50 -

=a oAU M54
40 i OO -CHRONIC 0.3
30 A
Z 7]
E 20
~ 1z m
m 0 T |//// T T T T
Z
O O1mance  M542
O_ 40 ] O-0 -CHRONIC 1.0
2 .
Wl 30-
m ]
20 -
o
108
0 ’—1’_!7/// T T T T
Cc S 003 0.10 030 1.00

50 1 m-m . acute M543
40 i OO -CHRONIC 0.1
30 : n
20 A i

10 -

0 +—7/ /AT
N jwaace  M544

00 - CHRONIC 1.0
40 -

30

204{. o '—'/.\-..
iD D\D—D\DDD

10 -

0“!"‘!7’/’! T T T

C S 003 010 030 1.00

COCAINE (MG/KG)

Fig. 3.

Mean response rates after cocaine or saline (S) injections during both acute (filled points) and chronic

(open points) administration. Control rates (C; =99% confidence intervals) are for responding during sessions when
no injections were given that immediately preceded sessions before which acute injections were given. Effects of the
chronic dose during chronic administration are for sessions immediately prior to substitutions of an alternative dose

or saline.

rate in all subjects. M 541 and M542 had the
lowest control response rates, and also showed
the largest increases in overall response rate.
For M541 and M543, larger doses of cocaine
produced moderate decreases in response rate.
During daily administration, the effects of co-
caine on overall response rate diminished. Spe-
cifically, cocaine’s rate-increasing effects were
diminished in M541, M542 and M544, and
the rate-reducing effects of larger doses were
diminished in M541 and M543 during chronic
administration.

To provide a more detailed examination of
changes in response rate, Figures 4 and 5 show
mean response rate during each interval, av-
eraged across sessions from each condition and
dose. During acute administration, certain
doses produced increases in response rate for
all subjects. In addition, larger doses produced
a decrease in response rate at the beginning of
sessions in all subjects; this decrease was fol-

lowed by an increase in response rate later in
the session in some cases. For instance, at 1.7
mg/kg for M544 (Figure 5), acute cocaine
greatly reduced responding in the first interval
and then increased responding during the rest
of the intervals.

During daily administration, the effects of
the chronic dose of cocaine (top graph for each
subject) were diminished during almost all of
the intervals in which acute administration
produced an increased response rate in M541,
M542, and M544. Diminished rate-increasing
effects occurred only during the first interval
for M543. The rate-increasing effects of larger
doses, which were occasionally substituted for
the chronic dose, were also diminished in M 542
and M544 (lower graphs for each subject).

With respect to cocaine’s rate-decreasing ef-
fects, recovery occurred earlier in the session
during chronic administration. For instance,
1.0 mg/kg decreased rates acutely during the
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Fig. 4. Mean response rates during successive intervals of the session for M541 and M542 under control (A),
acute (M), and chronic (0) conditions. The broken lines present £99% confidence intervals for the control points. The
top graph for each subject displays response rates after administration of the selected chronic dose to that subject, and
the lower graphs present data from all larger doses studied. Data for control points are pooled from all observations
for a particular subject. Thus, they are the same for each graph for a particular subject.

first five intervals for M543 (Figure 5). How-
ever, during chronic 0.1 mg/kg administration
in this subject, 1.0 mg/kg decreased rates only
during the first two intervals. In addition, for
M541 and especially for M543, the 1.0 mg/
kg dose increased responding during later por-
tions of the session when responding had de-
creased or had been relatively unaffected fol-
lowing acute administration.

Figures 6 and 7 show the total number of
responses per session during successive 19ths
of the FI. Under nondrug conditions there was
a general increase in average rate of respond-
ing in all subjects as the intervals progressed.
Acutely, the selected chronic dose increased
responding of all subjects during some portion

of the intervals (top graph for each subject),
with responding during the middle segments
increasing the most for M541, M543, and
M544. In addition, larger doses tended to make
responding more constant (relatively horizon-
tal line) across the interval, either by increas-
ing responding early in the interval, by de-
creasing responding later in the interval, or
both.

During daily administration, the rate-in-
creasing effects of the chronic dose (top graph
for each subject) were diminished in the first
half of the interval in all 4 subjects and during
the last half of the interval in all subjects except
M543. For M541 and M543, larger doses
increased responding more when substituted
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Mean response rates during successive intervals of the session for M543 and M544 under control (A),

acute (@), and chronic (O) conditions. Other details are as in Figure 4.

during chronic administration than they did
during acute administration. For instance, 1.0
mg/kg increased responding during chronic
0.3 mg/kg administration relative to rates ob-
tained under nondrug conditions and after acute
administration of this dose for M541 (Figure
6). This effect was not evident for M542 or
M544.

Figure 8 shows the index of curvature for
all subjects as a function of cocaine dose under
all conditions. The index of curvature (Fry et
al., 1960) is an index of change in response
rate within a fixed interval. A value of zero
indicates no change in responding within the
interval, and negative and positive values in-
dicate degrees of negative and positive accel-
eration, respectively. Under control conditions
the index of curvature was positive for all sub-
jects, indicating positive acceleration of re-

sponding within the intervals. Cocaine ini-
tially produced dose-dependent decreases in
the index of curvature for all subjects, indi-
cating a more uniform distribution of respond-
ing within the intervals. During chronic ad-
ministration, the right portion of the dose-
effect curve was elevated for all subjects, in-
dicating a return to more positively accelerated
responding. For M543, this elevation was ac-
companied by an increase in the index of cur-
vature after saline administration.

DISCUSSION

During the present experiment, in almost
every instance in which response rates in-
creased after acute cocaine injections, this ef-
fect was diminished during daily presession
administration. In particular, cocaine’s overall
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Fig. 6.

Mean number of responses per session for M541 and M542 during 19 equal (15.8-s) segments of the FI

during control (A), acute (B), and chronic (O) conditions. The dotted lines present +99% confidence intervals for the
control points. The top graph for each subject presents response rates after administration of the selected chronic dose
to that subject, and the lower graphs present data from all larger doses studied. Data for control points are pooled
from all control observations for a particular subject. Thus, they are the same for each graph for a particular subject.

response-rate-increasing effects were reduced
in M541, M542, and M544 (Figure 3). For
M542 and M544, cocaine’s effects were re-
duced in all intervals of the session and seg-
ments of intervals in which it increased re-
sponse rate when administered acutely. For
M541 and M543, diminished rate-increasing
effects of the chronic dose occurred primarily
during certain intervals of the session and seg-
ments of intervals, whereas rate-increasing ef-
fects of the larger doses were enhanced. In
addition, cocaine’s initial decrease in the index
of curvature was diminished for at least 3 sub-
jects, indicating changes in general patterns of
responding upon repeated administration.
Reinforcement loss does not appear to ac-
count for the reduction in cocaine-produced

increases in responding that were observed in
this experiment. Increases in normal response
rates under FI schedules do not decrease de-
livery rates of experimenter-arranged rein-
forcers. In fact, they have very little effect on
reinforcement rates at all, because the interval
value fixes the minimum interreinforcement
interval. Branch (1979) suggested that the ini-
tial increased number of responses per rein-
forcer may be important for tolerance devel-
opment under these circumstances.

The baseline FI response rates and patterns
and acute effects of cocaine reported in this
experiment are consistent with previous char-
acterizations using squirrel monkeys (e.g.,
Branch, 1979; Howell, Byrd, & Marr, 1986).
The reduction in cocaine-produced increases
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Fig. 7. Mean number of responses per session for M543 and M544 during each of 19 equal segments of the FI.

The duration of each equal segment is 15.8 s for M543 and 25.3 s for M544. Other details are as in Figure 6.

in response rates described here is consistent
with some reports that have studied the effects
of chronic exposure to stimulants on FI re-
sponding (Branch, 1979; Tilson & Sparber,
1973) but is inconsistent with others (Howell
& Morse, 1989; Schuster et al., 1966). Schus-
ter et al. reported substantial response-rate in-
creases after d-amphetamine administration
and subsequent lack of tolerance development,
but did so for only 1 subject. The present study
and those by Branch and Tilson and Sparber,
which studied amphetamines, employed FI
schedules with larger values than did the study
by Schuster et al. Although FI values within
the parameters discussed here have not affected
tolerance to cocaine’s rate-decreasing effects
(Schama & Branch, 1989), perhaps FI sched-
ule value is an important modulator of toler-
ance to the rate-increasing effects of stimu-

lants. In addition, the study by Schuster et al.
used a larger dose of d-amphetamine for chronic
administration than did the study of Tilson
and Sparber. It is also possible that the mag-
nitude of the chronic dose helps to determine
tolerance to the rate-increasing effects of stim-
ulant drugs (Grabowski & Dworkin, 1985).
There are a number of consistent differences
between the procedures of Howell and Morse
(1989), who did not observe tolerance, and
studies (including the present one) that report
tolerance to cocaine or d-amphetamine’s re-
sponse-rate-increasing effects (Branch, 1979;
Tilson & Sparber, 1973). One of the more
important may be how the chronic dosing pro-
cedure arranges drug administration with re-
spect to the environment in which the behavior
is measured. The chronic dosing procedure of
Howell and Morse consisted of continuous in-
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Fig. 8. Mean index of curvature for each subject after saline or cocaine injections during both acute (filled points)
or chronic (open points) cocaine administration. Other details are as in Figure 3.

fusions of cocaine for 2 weeks, so that cocaine
was equally active both in and out of test ses-
sions. In the other studies, chronic dosing con-
sisted of a series of single daily presession ad-
ministrations, so that cocaine was active
primarily during the sessions. Perhaps the cor-
relation between drug administration and the
environment in which the behavior is mea-
sured is important for development of toler-
ance to rate-increasing effects.

Studies that have investigated effects of
chronic dosing techniques on operant behavior
have emphasized the importance of the rela-
tionship between the active presence of a drug
and exposure to scheduled contingencies
(Branch & Sizemore, 1988; Campbell & Sei-
den, 1973; Schuster et al., 1966; Smith, 1990).
In most of these studies, the drug’s activity was
either perfectly negatively or positively cor-
related with different sessions during different
conditions of chronic administration. It is un-
known how intermediate levels of the contin-
gency between drug administration and test

sessions, such as those seen in the study by
Howell and Morse (1989), would affect tol-
erance development. Suggestive evidence,
however, does exist. Studies using morphine
and other drugs (Krank, Hinson, & Siegel,
1984; Mansfield & Cunningham, 1980; Sie-
gel, 1977) have indicated that reducing the
correlation between drug administration and
a particular situation can retard, to some de-
gree, the development of tolerance in that sit-
uation. Thus, it is possible that an important
difference between studies reporting tolerance
to the rate-increasing effects of stimulant drugs
on behavior maintained by FI schedules, and
the study by Howell and Morse (1989) that
did not, is that in the former the correlation
between pharmacologically active cocaine and
the opportunity to respond was high, and in
the latter it was lower.

Recordings of changes in behavior across the
session and segments of the interval after acute
and chronic cocaine administration (Figures 4,
5, 6, and 7) highlighted important features of
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responding that were not seen by examining
overall response rate (Figure 3) alone. Figure
3 indicates that under chronic administration,
the dose—effect curves primarily became “flat,”
as opposed to shifting to the right. A parallel
shift to the right in a dose-effect curve is ev-
idence of pharmacological tolerance (Carlton,
1983), and indicates that chronic effects of
larger doses have become more like acute ef-
fects of smaller doses. Inspection of responding
during individual intervals and segments of the
intervals revealed that for M541 and M543,
larger doses produced increases in responding
during chronic administration more often than
they did during acute administration. To-
gether with the finding of tolerance to the rate-
increasing effects of the chronic dose in these
subjects, this indicates that the general dose-
effect function “shifted” toward larger doses;
this is evidence of tolerance by one measure.
This change was not as evident in Figure 3,
because the data from larger doses reported in
this figure include rate decreases at the begin-
ning of the sessions.

This shift for M541 and M543 stands in
contrast to data produced by M542 and M544.
For these subjects, performance during chronic
cocaine administration came to resemble con-
trol performances at all doses studied. This
can be characterized as a general flattening of
the dose-effect function. One factor stands out
as a possible contributor to these differences.
M541 and M543 were more sensitive to co-
caine’s effects (Figure 3). It is therefore pos-
sible that, during chronic administration, the
largest doses studied were within the range
that would produce increases for M541 and
M543, but not for M542 and M 544, who were
initially less sensitive.

Reduction in sensitivity to cocaine upon re-
peated administration can occur in a number
of ways. In this experiment, as noted above,
data that can be related to rightward shifts in
dose—effect curves were observed in some cases,
and a general flattening of the dose-effect
curves was observed in others. Traditionally,
tolerance is a pharmacological concept that is
evidenced by a parallel rightward shift in the
dose—effect curve. Perhaps referring to any de-
crease in sensitivity to a drug’s effects as “tol-
erance” obscures differences in mechanisms of
change, differences that may be reflected in
different types of changes in dose—effect curves.
Whether the reduction of cocaine’s rate-in-

creasing effects observed in the present exper-
iment can be considered an instance of phar-
macological tolerance may be revealed by
further study.

In summary, the present results show that
cocaine’s rate-increasing effects on behavior
maintained by FI schedules of positive rein-
forcement were reduced during chronic ad-
ministration. It is not clear what specific pro-
cedural aspects are responsible for the
differences in outcomes of experiments inves-
tigating repeated administration of rate-in-
creasing doses of stimulants, although the
chronic dosing technique may be important.
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