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The relative reinforcing effects of different doses of orally delivered ethanol were evaluated. Mouth-
contact responding by rhesus monkeys was measured under concurrent fixed-ratio fixed-ratio sched-
ules of liquid delivery (0.67 ml/delivery) from each of two spouts during daily 3-hr sessions. Exper-
iment 1 examined persistence of responding with ethanol (2%, 8%, and 32% wt/vol) and water
available. When fixed-ratio values from 8 to 128 were tested, the number of ethanol deliveries ob-
tained per session decreased as the response requirement increased. The decrease in deliveries was
less at higher than at lower ethanol concentrations, however. Experiment 2 examined choice between
two ethanol concentrations under concurrent fixed-ratio 16 schedules (4% vs. 8%, 4% vs. 16%, 8%
vs. 16%, 2% vs. 8%, 2% vs. 32%, 8% vs. 32%). Higher concentrations (16%, 32%) generally main-
tained more responding than concurrently available concentrations of 8% or less. An exception was
the observation of a preference for 8% over 32% ethanol. When the fixed-ratio value was increased,
however, the relative preference for these two doses was reversed so that 32% ethanol maintained
more responding than 8% ethanol. Thus, the direction of the preference depended on the size of
the response requirement. These results indicate that the reinforcing effects of ethanol increase with
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dose.
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In drug self-administration studies, when
response rate is the dependent variable and
the amount of drug available per delivery is
the independent variable, a bitonic inverted-
U-shaped dose-response curve typically is
generated (Meisch & Lemaire, 1993; Wool-
verton & Nader, 1990; Young & Herling,
1986). At least this is the case under simple
reinforcement schedules such as fixed-ratio
(FR) schedules. For example, in a study by
Meisch and Thompson (1974), oral ethanol-
reinforced lever pressing by rats under an FR
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1 schedule increased as the ethanol dose per
dipper delivery (i.e., the ethanol concentra-
tion) was raised in steps from 2% to 8% wt/
vol. Thereafter, responding decreased as a
function of further increases in the ethanol
dose.

A possible explanation for decreases in
drug deliveries at high doses is that direct
drug effects decrease response rates. Results
from several studies show, however, that such
an explanation is insufficient to account for
the general finding of inverted-U-shaped
dose-response functions (Bickel, Marsch, &
Carroll, 2000). In one study, for example, a
saccharin solution was concurrently available
with phencyclidine under identical FR sched-
ules (Carroll, 1985). Phencyclidine-rein-
forced responding was an inverted-U-shaped
function of dose. Responding maintained by
saccharin, however, continued after respond-
ing maintained by phencyclidine had ceased.
These results were interpreted as showing
that discontinuation of responding on the
spout delivering phencyclidine was likely due
to drug satiation and not to impairment of
behavior or satiation caused by liquid intake
(for a further discussion of direct drug ef-
fects, see Bickel et al., 2000).
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It is often assumed that the doses at the
peak of this inverted-U-shaped curve (e.g.,
8% wt/vol ethanol) are the most reinforcing,
and that higher doses on the descending
limb of the curve (e.g., 32% wt/vol ethanol)
are less reinforcing or even aversive (Katz,
1989). There is strong evidence from studies
with other drugs, however, that higher drug
doses are more reinforcing than lower doses,
even when the higher doses are located on
the descending limb of the inverted-U-shaped
dose-response curve.

The first relevant observation that relates
to this matter is that responding maintained
by higher drug doses is less disrupted by in-
creases in response requirement than is re-
sponding at lower doses. Studies of oral pen-
tobarbital self-administration by rhesus
monkeys have shown that increasing the FR
value shifts the inverted-U-shaped dose-re-
sponse curve to the right (Lemaire & Meisch,
1984). With increases in the FR value, lower
pentobarbital doses no longer maintain re-
sponding, and there is a progressive increase
in the dose that maintains the highest rate of
responding. An important observation is that
the percentage decrease from baseline in the
number of drug deliveries is less at higher
doses than at lower doses. In other words,
when response requirement is increased, re-
sponding maintained by higher doses is more
persistent relative to baseline than respond-
ing maintained by lower doses. This finding
illustrates a basic principle that relative per-
sistence of behavior across increases in sched-
ule size is positively correlated with the mag-
nitude of the reinforcer maintaining
responding (Lemaire & Meisch, 1984;
Meisch, 2000).

A second line of evidence that suggests that
higher doses are more reinforcing than lower
doses comes from drug self-administration
studies in which there is concurrent access to
two drug doses. The general finding is that
in studies with rhesus monkeys the larger of
the two drug doses is preferred. This is the
case for experiments using the intravenous
route of drug self-administration with psycho-
motor stimulants (Iglauer, Llewellyn, &
Woods, 1975; Iglauer & Woods, 1974; Johan-
son, 1975; Johanson & Schuster, 1975). It is
also the case in studies with orally self-admin-
istered drugs such as pentobarbital (Meisch
& Lemaire, 1988, 1989; Meisch, Lemaire, &

Cutrell, 1992), cocaine (Meisch & Stewart,
1995), and methadone (Meisch, Stewart, &
Wang, 1996). In a study with rats, choice be-
tween different ethanol concentrations was
examined under a concurrent FR 8 FR 8
schedule (Samson, Pfeffer, & Tolliver, 1988).
Responding on one lever resulted in the pre-
sentation of 10% (vol/vol) ethanol, and re-
sponding on the second lever resulted in the
presentation of 5%, 20%, or 40% (vol/vol)
ethanol. The locations of the solutions were
alternated daily. The comparisons of the eth-
anol concentrations were confounded by a
side preference, however, and responding on
that side was always greater regardless of the
ethanol solutions present. Although no clear
ethanol concentration preferences were not-
ed, the relative rate of responding on the pre-
ferred side when 10% ethanol was presented
on that side decreased significantly as the eth-
anol concentration increased at the nonpre-
ferred side.

The present two experiments extended this
previous work by examining the relative re-
inforcing effects of different doses of orally
self-administered ethanol in rhesus monkeys.
Dose was manipulated by changing the con-
centration of the ethanol solution, while the
volume delivered at the completion of each
response requirement was held constant.

The first experiment examined persistence
of responding maintained by deliveries of dif-
ferent ethanol concentrations under FR
schedules. The FR value was increased while
responding maintained by different ethanol
concentrations was measured. Although in-
teractions between concentration and sched-
ule value have been examined in self-admin-
istration studies with pentobarbital (Lemaire
& Meisch, 1984, 1985, 1991) and cocaine
(Macenski & Meisch, 1998), interactions be-
tween schedule value and reinforcer magni-
tude have not been investigated with ethanol.
Most nonhuman primate studies with ethanol
have focused on a single variable such as eth-
anol concentration (Henningfield & Meisch,
1978), schedule size (Henningfield & Meisch,
1976b), feeding conditions (Rodefer & Car-
roll, 1996), and drug effects (Boyle et al.,
1998; Rodefer, Campbell, Cosgrove, & Car-
roll, 1999; Williams, Winger, Pakarinen, &
Woods, 1998). Similarly, in rodent studies of
ethanol reinforcement, the examination of
interactions between variables is uncommon;
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the main concern has been with drug effects,
strain differences, and the neuropharmacol-
ogy of ethanol reinforcement (Samson, 2000;
Samson & Hodge, 1996).

The second experiment used a concurrent-
choice procedure in which two ethanol con-
centrations were available at the same time.
The effect of varying the FR response re-
quirement on choice between different con-
currently available ethanol concentrations
also was examined. The objective was to ex-
amine the relations among relative and ab-
solute response rates and reinforcer magni-
tude under conditions of access to either one
or two concentrations of ethanol.

GENERAL METHOD
Subjects

Three adult male rhesus monkeys (Macaca
mulatta) were used. Each had a history of oral
drug self-administration. Monkey M-EG had
previously self-administered cocaine, etonita-
zene, and ethanol. Monkeys M-CC and M-A
had histories of oral barbiturate, benzodiaz-
epine, and ethanol self-administration. They
were housed in a temperature-controlled
room with a 12:12 hr light/dark cycle (lights
on at 7:00 a.m.) and were maintained at re-
duced body weights by daily feeding of a mea-
sured amount of commercially available chow
(Lab Diet™ high-protein monkey diet #5045;
PMI Feeds, St. Louis, MO) plus fresh fruit
(180 g) and a multiple vitamin tablet. Be-
tween the sessions, water was available 18 hr
a day. At the beginning of the study, the
weights and percentage of free-feeding body
weights of the subjects were as follows: M-A:
8.36 kg, 89%; M-CC: 9.81 kg, 85%; M-EG:
9.19 kg, 75%. Food restriction increases al-
cohol- and drug-reinforced behavior (Carroll
& Meisch, 1984) and prevents obesity that
can occur when monkeys are housed singly
with unlimited access to food. The feeding
regimen for each of the monkeys was deter-
mined largely by the health and appearance
of the individual subjects. For example, al-
though M-EG’s body weight was reduced the
most in terms of percentage of its free-feed-
ing body weight, this monkey was initially
more obese than the others.

Drugs

To prepare the ethanol solutions, 95% vol/
vol ethanol was diluted in tap water on the
day preceding the experimental session and
stored in sealed flasks until used. For exam-
ple, 500 ml of 8% (wt/vol) ethanol was pre-
pared by mixing 53 ml of 95% ethanol with
enough water to produce a total volume of
500 ml. All solutions were at room tempera-
ture at the start of sessions.

Apparatus

The experiment was controlled and moni-
tored with SKED® software (State Systems),
running on a DEC PDP-11 computer located
near the room containing the experimental
chambers. Subjects were individually housed
in stainless-steel cages (76 cm by 102 cm by
81 cm; Lab Products, Inc., Maywood, NJ) 24
hr per day. A liquid-delivery work panel (Kan-
dota Instruments, Sauk Centre, MN) was at-
tached to the outside of one side wall, and
spouts fastened to the panel protruded into
the cage through holes cut in that wall. At-
tached to the back of the work panel was a T-
shaped bar, on each limb of which was fas-
tened a stainless-steel reservoir covered with
a lid to prevent evaporation. Liquids con-
tained in each reservoir passed via polyeth-
ylene tubing to a solenoid-operated valve at
the rear of one of two brass spouts. These
spouts (1.2 cm outside diameter, 0.2 cm in-
side diameter) protruded 2 cm into the cage,
64 cm above the floor and 15.5 cm either side
of midline. The spouts served as operanda
for operant responses, which were mouth
contacts with either spout. At each liquid de-
livery, the solenoid was activated for a maxi-
mum of 150 ms, allowing approximately 0.67
ml of liquid to pass through the spout and
into the monkey’s mouth. That the response
was made by lip contact was verified by ob-
servers periodically monitoring behavior
through closed-circuit television and by ob-
servers in the room housing the experimen-
tal chambers. More extensive details of the
liquid-delivery apparatus are described else-
where (Gieske, 1978; Henningfield & Meisch,
1976a). Between sessions, water was delivered
from one of the two spouts used during the
sessions. The spout from which the water was
available alternated from left to right on a
daily basis.
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Above each spout (12 cm) was a green jew-
el-covered 2.8-W stimulus light that extended
2 cm into the cage. These stimulus lights were
used as discriminative stimuli for the avail-
ability of liquids, as described below.

Spouts were embedded in Plexiglas disks,
which covered the holes (7 cm diameter) in
the cage wall through which the spouts en-
tered. Behind the Plexiglas disks were four
1.1-W lights, which were distributed evenly
around, and 2.5 cm from, the spout in an X
pattern. Two of the spout lights were capped
with green translucent lenses, and the other
two had white lenses. The purpose of these
spout lights was to provide an exteroceptive
stimulus change with each response.

Procedure

Daily 3-hr sessions were conducted from
11:00 a.m. to 2:00 p.m. Immediately before
the sessions was a 1-hr timeout during which
no liquids were available. At that time, the
volume of water remaining was recorded and
used to calculate the volume of water con-
sumed during the period between sessions.
Next, liquids appropriate for the session were
placed in the reservoirs. During the experi-
mental sessions, a fixed number of contacts
on a spout was required for reinforcement
(i.e., delivery of 0.67 ml of liquid was con-
comitant with the final contact). Thus, unlike
most FR schedules, the operant and the con-
summatory responses were formally the
same. The FR schedules for each of the two
spouts operated independently and were set
at values from FR 8 to FR 128 (see below).
Changes from one experimental condition to
the next (e.g., changes in the ethanol con-
centration or the FR value) were made after
six consecutive sessions of stable behavior.
Stability of responding was determined by vi-
sual inspection of the daily data and was de-
fined as the occurrence of six consecutive ses-
sions in which numbers of deliveries of each
of the two concurrently available liquids
showed no increasing or decreasing trends.
The positions of the two liquids alternated
from left to right on a daily basis. Therefore,
when the mean liquid deliveries were calcu-
lated, three of the six data points were from
sessions in which the liquid was on the left
and three of the data points were from ses-
sions in which the liquid was on the right.

Timeouts also occurred for the 1st hour af-

ter the session and for the 3rd hour after the
session. During the first of these, data from
the session were collected. Water was placed
in one of each monkey’s reservoirs for the
period between sessions. During the second
postsession timeout, the monkeys were fed.
The green stimulus light above one spout was
steadily illuminated, and water was available
under an FR 1 reinforcement schedule from
that spout. The spout’s white-lensed spout
lights were illuminated for the duration of
each mouth contact.

EXPERIMENT 1

The purpose of this experiment was to ex-
amine the interaction between two variables:
FR size and ethanol concentration.

METHOD

One rhesus monkey (M-A) served as the
subject. A series of six concentration-re-
sponse tests was conducted, each under a dif-
ferent FR response requirement. For each
dose-response test, the available ethanol con-
centrations were 32%, 8%, and 2% (wt/vol).
Then there was a retest of the 32% concen-
tration. Water was concurrently available
from the second spout. For each dose-re-
sponse test, the FR requirement was 8, 16, 32,
64, and then 128, followed by a return to FR
8.

RESULTS AND DISCUSSION

Figure 1 shows that response rate first in-
creased and then decreased as a function of
increases in FR requirement. Figure 1 also
shows that ethanol deliveries decreased as a
function of increases in the FR response re-
quirement. The rate of decrease differed
among the three ethanol concentrations,
however. Deliveries of the lowest concentra-
tion (2%) decreased markedly when the FR
requirement increased from FR 8 to FR 16.
Deliveries of higher concentrations were af-
fected only at higher FR values. The ethanol
concentration at which the greatest number
of deliveries was obtained depended on the
value of the FR schedule. Thus, at FR 8, de-
liveries of 2% ethanol were the greatest. At
FR 16 and FR 32, deliveries of 8% ethanol
were the greatest, and at FR 64 and 128, de-
liveries of 32% ethanol were the greatest.
(The scale of Figure 1 obscures the fact that
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Fig. 1. Oral ethanol-maintained responses (upper panels) and deliveries (lower panels) by 1 rhesus monkey (M-

A) as a function of increases in the FR requirement. Each point shows the number of responses or deliveries of 0.67-
ml liquid per 3-hr session maintained by ethanol (solid squares or triangles) and water (circles or diamonds). The
data are the mean (% SEM) of six consecutive sessions of stable responding. At each FR value the three ethanol
concentrations were tested in descending order (squares) followed by a retest of the 32% concentration (open
symbols). The absence of error bars indicates that the SEM was sufficiently small to be covered completely by the

symbol.

at FR 128 the mean number = SEM of etha-
nol deliveries for the three concentrations
was as follows: 2%: 0.33 = 0.23; 8%: 2.0 *
0.75; 32%: 9.33 = 2.51.) The values for the
retest sessions at 32% ethanol replicated the
values for the initial sessions at 32% (Figure
1), indicating that there was no shift in eth-
anol drinking as a function of time or expe-
rience. At most concentrations and FR sizes,
the number of ethanol responses and deliv-
eries far exceeded the number of water re-
sponses and deliveries. Only at FR 64 and FR
128 were there overlaps in the ranges of eth-
anol and water values.

Table 1 lists the number of sessions and
ethanol intake (grams of ethanol consumed

per kilogram of body weight) at each condi-
tion. The mean number of sessions at each
condition was 6.9 (range, 6 to 10). In general,
ethanol intake decreased as concentration
decreased. Similar findings have been ob-
served in related studies when ethanol con-
centration was varied (Henningfield &
Meisch, 1978; Meisch, Henningfield, &
Thompson, 1975). In parallel with the num-
ber of liquid deliveries, ethanol intake also
decreased as a function of FR size. When the
FR 8 condition was repeated, ethanol intake
was similar to initial values except at 8%,
where intake was almost double the original
value.

Figure 2 shows the data from Figure 1
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Table 1

Ethanol intake and number of sessions in each condition
for Monkey M-A.

Ethanol Number
concentration FR Ethanol intake of

(%) size g/kg (= SEM)  sessions
32 vs. 0 8 1.68 = 0.09 6
8 vs. 0 8 1.29 £ 0.17 9
2vs. 0 8 0.75 = 0.07 10
32 vs. 0 8 2.07 = 0.17 7
32 vs. 0 16 1.73 = 0.01 7
8 vs. 0 16 2.13 + 0.06 6
2vs. 0 16 0.39 = 0.03 6
32 vs. 0 16 1.80 = 0.10 6
32 vs. 0 32 1.62 = 0.03 8
8 vs. 0 32 1.835 = 0.06 6
2vs. 0 32 0.09 = 0.00 7
32 vs. 0 32 1.85 += 0.08 6
32 vs. 0 64 1.07 = 0.04 7
8 vs. 0 64 0.27 = 0.06 7
2vs. 0 64 0.00 = 0.00 6
32 vs. 0 64 0.90 = 0.04 6
32 vs. 0 128 0.30 = 0.04 6
8 vs. 0 128 0.01 = 0.00 7
2 vs. 0 128 0.00 = 0.00 6
32 vs. 0 128 0.11 = 0.04 6
32 vs. 0 8 1.80 = 0.07 7
8 vs. 0 8 2.47 + 0.11 10
2vs. 0 8 0.75 = 0.05 8
32 vs. 0 8 1.76 = 0.10 6

transformed so that the number of responses
and ethanol deliveries at each FR value is ex-
pressed as a percentage of the number of de-
liveries obtained at FR 8; that is, the number
of 2%, 8%, and 32% ethanol deliveries re-
ceived under the FR 8 schedule was set to be
the 100% value for those concentrations. Fig-
ure 2 indicates that increasing the FR re-
sponse requirement usually was accompanied
by a decrease in the percentage of baseline
(FR 8) deliveries obtained. An exception was
responding maintained by 8% ethanol, which
increased when the FR value increased from
FR 8 to FR 16. Figure 2 shows that the degree
of reduction that occurred when the FR was
increased depended on the concentration of
the ethanol solution. The reduction in the
percentage of baseline deliveries of 2% eth-
anol was considerable at FR 16. Reduction of
8% and 32% ethanol-maintained responding
did not occur until the imposition of an FR
64 schedule. At FR 64 and FR 128, however,
the percentage of baseline responding main-
tained by 8% ethanol was reduced by a great-

er percentage than was responding main-
tained by 32% ethanol.

The results are consistent with earlier stud-
ies of interactions between FR size and pen-
tobarbital concentration (Lemaire & Meisch,
1984), cocaine concentration (Macenski &
Meisch, 1998), and food magnitude (Kliner,
Lemaire, & Meisch, 1988). In these studies,
as FR size increased, the magnitude of the
reinforcer that maintained peak responding
also increased. The outcome of Experiment
1 shows that the relative persistence of re-
sponding increases with increases in ethanol
concentration and suggests that the relative
reinforcing effects of ethanol are a direct
function of concentration.

EXPERIMENT 2

If the relative reinforcing effects of ethanol
are a direct function of concentration, then
higher concentrations should be preferred to
lower concentrations. This possibility was ex-
amined by making pairs of ethanol concen-
trations available under concurrent FR FR
schedules.

METHOD

Two monkeys (M-CC and M-EG) served as
subjects. Experiment 2 was carried out in two
consecutive test series that consisted of two
and three phases, respectively.

Test Series 1

In Phase 1 concentration-response func-
tions were determined with ethanol solution
and water available under concurrent FR 16
FR 16 schedules of reinforcement. Three eth-
anol concentrations (4%, 8%, and 16% wt/
vol) were tested in descending order followed
by a second test at the 16% concentration.
Water was always available from the second
spout. In Phase 2 the relative reinforcing ef-
fects of different concurrently available con-
centrations were determined using a choice
procedure. One ethanol concentration was
available from one liquid-delivery system, and
a different ethanol concentration was con-
currently available from the other. The fol-
lowing ethanol concentration comparisons
were made: 16% versus 4%, 16% versus 8%,
and 8% versus 4%. To detect possible order
or sequence effects, the 16% versus 4% and
16% versus 8% choice tests were repeated.
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Fig. 2.

Differential persistence of responding by Monkey M-A maintained by different ethanol concentrations as

a function of increases in the FR response requirement. For this figure, the data shown in Figure 1 were transformed
so that the number of responses and ethanol deliveries at each FR value are expressed as a percentage of the number
of deliveries obtained at FR 8. That is, the numbers of 2%, 8%, and 32% ethanol deliveries received under the FR
8 schedule were set at 100%. Then the number of 2%, 8%, and 32% ethanol deliveries received under the FR 16,
32, 64, and 128 schedules were recast as a percentage of their corresponding FR 8 values. Note that the left ordinate
for responses is identical to the right ordinate for deliveries.

Test Series 2

Phase 1 and Phase 2 of this series were sim-
ilar to those for Test Series 1 except that the
ethanol concentrations available under con-
current FR 16 FR 16 schedules were 2%, 8%,
and 32%. In Phase 1, single ethanol concen-
trations and water were concurrently avail-
able. In Phase 2, two ethanol concentrations
were concurrently available, and the follow-
ing comparisons were made: 32% versus 2%,
32% versus 8%, 8% versus 2%, 32% versus
2% (retest), and 32% versus 8% (retest).
Phase 3 consisted of examination of the effect
of varying the FR response requirement on
concurrent choice between 32% and 8% eth-
anol. Thus, 32% and 8% ethanol both con-
tinued to be available while FR 16, FR 32, and
FR 64 were tested in ascending order and
then in descending order followed by a single
test at FR 8. Finally, FR 16, FR 32, and FR 64
were tested in ascending and descending or-
der for a second time.

RESULTS AND DISCUSSION
Test Series 1

Figure 3 shows the results comparing 4%,
8%, and 16% ethanol under FR 16 when the
concentrations were tested with water con-
currently available. For both monkeys, etha-
nol-maintained responding always exceeded
responding maintained by water. At the 16%
ethanol concentration, the initial test and the
retest points were similar. The ethanol con-
centration-response functions showed an in-
verted-U shape; the highest rate of respond-
ing was at the 8% concentration. Ethanol
intake (grams per kilogram) during the same
sessions was an ascending function of the
available ethanol concentration (Figure 3).

Figure 4 shows the number of responses in
the same 2 monkeys during the second phase
when different pairs of ethanol concentra-
tions were concurrently available under FR
16 schedules. In all cases, the higher of the
two concentrations maintained the higher
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Fig. 3.

Results for Test Series 1 comparing 4%, 8%, and 16% ethanol, and results for Test Series 2 comparing

2%, 8%, and 32% ethanol. Upper panels show the number of responses per 3-hr session maintained by ethanol
(filled triangles for Test Series 1 and filled squares for Test Series 2) and water (filled diamonds for Test Series 1
and filled circles for Test Series 2) in 2 rhesus monkeys (M-CC and M-EG). The data are the mean (= SEM) of six
consecutive sessions of stable behavior. The concentrations were tested in descending order followed by a second
determination of values at 16% and 32% concentrations (open symbols). Lower panels show ethanol intake during
the same sessions. The absence of error bars indicates that the SEM was sufficiently small to be covered completely

by the symbol.

rate of responding. The second determina-
tion of comparisons between 16% and 8%
and between 16% and 4% yielded results sim-
ilar to the initial comparisons, in that the
higher concentration maintained higher re-
sponse rates. For both the initial and second
determinations, the differences between 16%
and 4% were greater than the differences be-
tween 16% and 8%. Such a result is to be
expected, given that the comparison between
8% and 4% showed higher rates maintained
by 8%.

Test Series 2

Figure 3 shows the results for the series
comparing 2%, 8%, and 32% ethanol with
water concurrently available on FR 16 sched-
ules. For both monkeys, ethanol-maintained
responding always exceeded responding
maintained by concurrently available water.
The concentration—response functions again
were an inverted-U shape, with the 8% con-
centration maintaining the highest rate of re-
sponding. At the 32% ethanol concentration,
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Fig. 4. Results for Test Series 1 comparing preferences between pairs of ethanol concentrations at FR 16. The
numbers of responses per 3-hr session are illustrated for three pairs of ethanol concentrations: 16% and 4%, 16%
and 8%, and 8% and 4% in Monkeys M-CC and M-EG. A second determination of values for two pairs of concen-
trations is also shown (16% and 8%, and 16% and 4%). Black bar: 16%; gray bar: 8%; white bar: 4%. The data are

the mean (£ SEM) of six consecutive stable sessions.

the test and the retest values were similar.
Ethanol intake during the same sessions was
an ascending function of the available etha-
nol concentration (Figure 3).

Figure 5 shows the number of responses
for the same 2 monkeys when different pairs
of ethanol concentrations were concurrently
available at FR 16. Higher rates of responding
were maintained by the higher of the two
concentrations for the 32% versus 2% and
the 8% versus 2% comparisons, but 8% eth-
anol maintained higher rates of responding
than 32% when those two ethanol concentra-
tions were concurrently available. The second
determination of comparisons between 32%
and 2% and between 32% and 8% yielded
results similar to the initial comparisons. The
difference between 8% and 2% was greater
than the differences between 32% and 2%.
Such a result is to be expected, given that the
comparison between 8% and 32% showed
higher rates maintained by 8%.

Figure 6 shows the effects of varying the FR
response requirement on concurrent choice
between 32% and 8% ethanol. At FR 8 and
FR 16, higher rates of responding were main-
tained by the 8% ethanol than by 32% etha-

nol for both monkeys. This replicated the re-
sults described immediately above. At FR 32,
M-EG showed a reversal in the relative pref-
erence for the two concentrations so that the
higher (32%) ethanol concentration main-
tained more responding than the lower (8%)
ethanol concentration. For M-CC, at FR 32
the relative preference for the two ethanol
concentrations depended on the sequence or
order of testing: The first test at FR 32
showed a clear preference for the 8% etha-
nol, the second test showed a preference for
32% ethanol, and the third and fourth tests
showed about equal responding maintained
by 8% and 32% ethanol. When the FR re-
sponse requirement was 64, however, both
monkeys showed more responding main-
tained by the 32% concentration than by the
8% concentration. An exception was the sec-
ond test at FR 64 for M-EG, when responses
maintained by both ethanol concentrations
were equal and unusually low, perhaps due to
a general deterioration of responding at the
high FR (i.e., ratio strain). This monkey’s re-
sponding recovered, however, when the FR
value subsequently was reduced to 32, and a
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Results for Test Series 1 comparing preferences between pairs of ethanol concentrations at FR 16. The

numbers of responses per 3-hr session are shown for three pairs of ethanol concentrations: 32% and 2%, 32% and
8%, and 8% and 2% in Monkeys M-CC and M-EG. A second determination of values for two pairs of concentrations
is also shown (32% and 8%, and 32% and 2%). Black bar: 32%; gray bar: 8%; white bar: 2%. The data are the mean

(= SEM) of six consecutive stable sessions.

clear preference for the higher of the two
ethanol concentrations again was seen.
Tables 2 and 3 list the ethanol intake and
number of sessions at each condition for
Monkeys M-EG and M-CC, respectively. The
mean number of sessions at each condition
was 8.4 for M-EG (range, 6 to 15) and 7.2 for
M-CC (range, 6 to 12). When a single con-
centration of ethanol was present, ethanol in-
take increased as ethanol concentration in-
creased. When two ethanol concentrations
were concurrently present, the higher con-
centration generally contributed more to the
total intake. The total intake of a pair of con-
centrations can be compared with that of the
higher concentration studied alone. For both
monkeys, the intake of 16% ethanol was not
systematically greater than intake of combi-
nations of 16% plus another concentration.
Intake of 32% ethanol was greater when stud-
ied alone, however, relative to being concur-
rently present with another concentration. At
FR 16, there were a total of eight comparisons
when 32% was concurrently available with an-
other concentration (either 8% or 2%). For
seven of these eight comparisons, M-CC’s in-

take of 32% ethanol, when studied alone, was
greater than the total intake of 32% plus that
of the second concentration. M-EG’s intake
of 32%, when studied alone, was always great-
er than the combined intake of 32% and a
second concentration. Thus, presence of an-
other ethanol concentration decreased in-
take of 32% ethanol, and the decrease was
greater when 8% ethanol was present than
when 2% ethanol was available (Tables 2 and
3).

The intakes listed in Tables 1, 2, and 3 can
be compared with intakes and blood ethanol
levels at the same concentrations that were
reported in an earlier study (Henningfield &
Meisch, 1978). Blood samples were obtained
at the end of 3-hr sessions, and ethanol levels
were determined. The ethanol intakes at con-
centrations of 8%, 16%, and 32% were 2.56,
2.72, and 3.08 g/kg. These intakes are greater
than those seen in the present study, and they
resulted in blood levels with means that
ranged from 207 to 265 mg/dl. Although the
intakes in the present study were lower, it is
reasonable to conclude that they also would
have produced substantial blood ethanol lev-
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Fig. 6. The effects of varying the FR requirement on concurrent choice between 32% and 8% ethanol. The bar
graphs show the number of responses for Monkeys M-CC and M-EG when 32% and 8% ethanol concentrations were
concurrently available. The FR requirement was varied in the sequence shown from left to right on the abscissa. The
data are the mean (= SEM) of six consecutive sessions of stable behavior.

els and corresponding pharmacological ef- GENERAL DISCUSSION
fects.
At the end of these experiments when eth- In both Experiments 1 and 2, when an eth-

anol was no longer available, signs of with- anol solution and water were available con-
drawal were not observed and were not antic- currently, the number of ethanol deliveries
ipated because access to ethanol had been consistently exceeded the number of water
limited to 3 hr each day. deliveries. Thus, ethanol functioned as a pos-
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Table 2

Ethanol intake and number of sessions in each condition for Monkey M-EG.

Ethanol intake (g/kg of body wt = SEM)

Condition Higher ethanol Lower ethanol Higher + lower
(%) FR size concentration concentration concentrations Sessions
16 vs. 0 16 1.10 £ 0.16 0.00 = 0.00 1.10 = 0.16 8
8 vs. 0 16 1.00 £ 0.11 0.00 = 0.00 1.00 = 0.11 6
4vs. 0 16 0.22 = 0.08 0.00 = 0.00 0.22 = 0.08 6
16 vs. 0 16 1.02 £ 0.11 0.00 = 0.00 1.02 = 0.11 7
16 vs. 4 16 1.08 £ 0.09 0.01 = 0.01 1.09 = 0.10 14
16 vs. 8 16 0.88 = 0.22 0.21 = 0.12 1.09 = 0.30 15
8 vs. 4 16 0.43 = 0.12 0.03 = 0.02 0.46 = 0.13 9
16 vs. 8 16 0.59 = 0.10 0.18 = 0.07 0.77 = 0.11 9
16 vs. 4 16 0.70 = 0.09 0.03 = 0.01 0.73 = 0.09 6
32 vs. 0 16 1.69 £ 0.14 0.00 = 0.00 1.69 = 0.14 8
8 vs. 0 16 1.14 £ 0.07 0.00 = 0.00 1.14 = 0.07 6
2vs. 0 16 0.07 £ 0.03 0.00 = 0.00 0.07 = 0.03 7
32 vs. 0 16 1.80 £ 0.11 0.00 = 0.00 1.80 = 0.11 6
32 vs. 2 16 1.47 = 0.09 0.01 = 0.00 1.48 = 0.09 7
32 vs. 8 16 0.46 = 0.15 0.94 = 0.12 1.40 = 0.24 14
8 vs. 2 16 1.12 £ 0.14 0.01 = 0.01 1.13 + 0.14 9
32 vs. 8 16 0.90 = 0.42 0.73 = 0.32 1.63 = 0.73 12
32 vs. 2 16 1.09 £ 0.08 0.00 = 0.00 1.09 = 0.08 9
32 vs. 8 16 0.29 = 0.13 0.79 = 0.06 1.08 = 0.15 6
32 vs. 8 32 0.56 = 0.14 0.06 = 0.02 0.62 = 0.13 7
32 vs. 8 64 0.18 = 0.12 0.01 = 0.01 0.19 = 0.13 8
32 vs. 8 32 1.00 £ 0.10 0.01 = 0.01 1.01 = 0.12 7
32 vs. 8 16 0.40 = 0.19 0.59 = 0.21 0.99 = 0.39 10
32 vs. 8 8 0.17 £ 0.11 1.04 = 0.06 1.21 = 0.14 9
32 vs. 8 16 0.63 = 0.23 0.28 = 0.07 0.91 = 0.23 9
32 vs. 8 32 0.37 £ 0.18 0.01 = 0.01 0.38 = 0.19 6
32 vs. 8 64 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 9
32 vs. 8 32 0.64 = 0.08 0.01 = 0.01 0.65 = 0.08 8
32 vs. 8 16 0.82 = 0.14 0.24 = 0.10 1.06 = 0.23 15

itive reinforcer. The observed levels of etha-
nol intake and the temporal pattern of etha-
nolreinforced responding were consistent
with previous reports of oral ethanol self-ad-
ministration by rhesus monkeys (Meisch,
1977, 1984; Meisch & Stewart, 1994).

In Experiment 1, the overall effect of in-
creasing the FR value was to decrease etha-
nol-maintained responding, but the degree
of decrease depended on the ethanol con-
centration. Responding at higher ethanol
concentrations was less altered by increases in
the response requirement than at lower eth-
anol concentrations. Similar results previous-
ly have been observed when different con-
centrations of orally self-administered
pentobarbital were tested in rhesus monkeys
while the value of the FR reinforcement
schedule was increased (Lemaire & Meisch,
1984, 1985, 1991). Studies using signaled dif-
ferential-reinforcement-of-low-rate schedules
with oral pentobarbital self-administration in

rhesus monkeys (Lemaire & Meisch, 1991)
and multiple extinction xs FR 1 schedules
with oral ethanol self-administration in rats
(Beardsley, Lemaire, & Meisch, 1993) also
have shown that behavior maintained by
higher drug doses was more persistent when
the interreinforcer interval was increased
than was behavior maintained by lower doses.
The results of Experiment 2 were consistent
with the results of Experiment 1 in showing
that higher concentrations were more rein-
forcing than lower concentrations. That is,
when pairs of concentrations were made
available at the same time, the higher con-
centration usually maintained more respond-
ing than the lower concentration.

The results of the present study suggest
that response rates measured when single
ethanol concentrations are tested sequential-
ly with water concurrently available do not al-
ways predict which concentrations will main-
tain the greatest response rates when
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Table 3

Ethanol intake and number of sessions in each condition for Monkey M-CC.

Ethanol intake (g/kg of body wt = SEM)

Condition Higher ethanol Lower ethanol Higher + lower

(%) FR size concentration concentration concentrations Sessions
16 vs. 0 16 0.58 = 0.06 0.00 = 0.00 0.58 = 0.06 7
8 vs. 0 16 0.49 = 0.05 0.00 = 0.00 0.49 = 0.05 12
4vs. 0 16 0.22 = 0.01 0.00 = 0.00 0.22 = 0.01 8
16 vs. 0 16 0.66 = 0.04 0.00 = 0.00 0.66 = 0.04 6
16 vs. 4 16 0.68 = 0.04 0.03 = 0.01 0.71 = 0.04 6
16 vs. 8 16 0.47 = 0.07 0.15 = 0.05 0.62 = 0.09 6
8 vs. 4 16 0.44 = 0.05 0.06 = 0.03 0.50 = 0.08 7
16 vs. 8 16 0.63 = 0.19 0.16 = 0.05 0.79 = 0.24 7
16 vs. 4 16 0.80 = 0.06 0.03 = 0.01 0.83 = 0.07 6
32vs. 0 16 0.96 = 0.05 0.00 = 0.00 0.96 = 0.05 8
8 vs. 0 16 0.75 = 0.03 0.00 = 0.00 0.75 = 0.03 6
2vs. 0 16 0.16 = 0.03 0.00 = 0.00 0.16 = 0.03 6
32vs. 0 16 0.88 = 0.07 0.00 = 0.00 0.88 + 0.07 8
32 vs. 2 16 0.69 = 0.10 0.02 = 0.01 0.71 = 0.10 6
32 vs. 8 16 0.35 = 0.19 0.33 = 0.13 0.68 = 0.28 7
8 vs. 2 16 0.70 = 0.06 0.01 = 0.01 0.71 = 0.06 7
32 vs. 8 16 0.46 = 0.18 0.35 = 0.09 0.81 = 0.25 9
32 vs. 2 16 0.97 = 0.04 0.02 = 0.01 0.99 = 0.04 6
32 vs. 8 16 0.18 = 0.09 0.43 = 0.07 0.61 = 0.13 6
32 vs. 8 32 0.25 = 0.12 0.23 = 0.08 0.48 = 0.16 6
32 vs. 8 64 0.44 = 0.05 0.02 = 0.03 0.46 = 0.04 6
32 vs. 8 32 0.64 = 0.05 0.08 = 0.03 0.72 * 0.05 10
32 vs. 8 16 0.36 = 0.14 0.18 = 0.07 0.54 = 0.15 8
32 vs. 8 8 0.20 = 0.10 0.35 £ 0.07 0.55 = 0.13 10
32 vs. 8 16 0.30 = 0.15 0.30 = 0.07 0.60 = 0.18 10
32 vs. 8 32 0.36 = 0.10 0.13 = 0.04 0.49 = 0.11 7
32 vs. 8 64 0.48 = 0.06 0.04 = 0.02 0.52 + 0.07 7
32 vs. 8 32 0.39 = 0.07 0.11 = 0.05 0.50 = 0.10 9
32 vs. 8 16 0.43 = 0.14 0.20 = 0.07 0.63 = 0.19 9

different concentrations are presented in
pairs. Specifically, when single ethanol con-
centrations were tested in Experiment 2 un-
der FR 16 schedules, the highest rate of re-
sponding was always observed with 8%
ethanol available. Higher ethanol concentra-
tions maintained lower rates of responding
than 8% ethanol when the concentrations
were presented sequentially. These same high
ethanol concentrations usually were pre-
ferred to 8% ethanol, however, in the choice
tests when two different concentrations were
presented concurrently at the FR 16 schedule
value. In cases when this was not so, the rel-
ative preference for the two doses was re-
versed by increasing the FR response require-
ment. A similar reversal of preference with
increases in FR value also was observed in a
previous study of choice between different
doses of orally delivered methadone (Meisch
et al., 1996). In that experiment, under con-
current FR 16 schedules of reinforcement, 1

monkey showed greater responding main-
tained by a 0.2 mg/kg methadone solution
than by a concurrently available 0.8 mg/kg
methadone solution. When the FR value was
increased to 32 and 64, however, the higher
dose was preferred to the lower dose. A re-
versal of preference with increases in FR val-
ue also was observed with 2 of 4 monkeys in
a study of choice between drug combinations
(pentobarbital plus ethanol) and their com-
ponents (pentobarbital alone or ethanol
alone; Meisch & Lemaire, 1990). These find-
ings demonstrate that one determinant of
choice between two unequal reinforcers is
the size of the response requirement. Such
observations can be described with terminol-
ogy from behavioral economics (e.g., Bickel,
DeGrandpre, Higgins, & Hughes, 1990): In-
creases in the FR value result in an increase
in price (ratio of reinforcer size to FR sched-
ule value). It appears that as the prices be-
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come higher, the probability increases that
the larger of two doses will be selected.

The inverted-U-shaped dose-response
function seen with alcohol and other drugs
has been interpreted in various ways. Al-
though there is general agreement that the
ascending part of the curve may represent in-
creases in reinforcing effects with increases in
the dose, the descending portion has been
attributed to motor impairment, aversive
taste, satiation, aversive effects, or decreases
in reinforcing effectiveness (for reviews, see
Katz, 1989; Meisch & Lemaire, 1993). None
of these factors, however, appears to be a nec-
essary condition under all circumstances for
the production of an inverted-U-shaped func-
tion. For example, with regard to motor im-
pairment, inverted-U-shaped concentration—
response functions were observed with
nondrug reinforcers such as sugar solutions
that produce no motor impairment (e.g.,
Sclafani & Clyne, 1987). With regard to aver-
sive taste, inverted-U-shaped functions were
also seen with nonoral routes of drug admin-
istration, such as the intravenous route, in
which taste is eliminated as a factor (Young
& Herling, 1986). Decreases in the reinforc-
ing effects of drugs do not account for the
descending portion of the inverted-U-shaped
dose-response curves, as suggested by the
findings of the present investigation and pre-
vious studies (reviewed above).

With regard to satiation, interpretation of
the descending portion of the dose-response
curve is more complicated. Drug intake (in
grams per kilogram) often continues to in-
crease in a linear fashion over the same range
of doses that comprise the descending por-
tion of the dose-response curve, as in the
present investigation (see Figure 3). Thus, it
might seem that satiation is not a likely ex-
planation for the descending portion of the
curve. It is possible, however, that if the drug
dose continued to increase, drug intake per
session would reach an asymptotic plateau,
above which it could not rise. Such an asymp-
tote was observed in each of two previous
studies in which reinforcer magnitude was
varied by changing the number of reinforcer
deliveries available after completion of each
FR response sequence: One study varied the
number of 45-mg food pellets available to rats
after completion of the response require-
ment (Kliner et al., 1988); the other varied

the number of deliveries of a constant-con-
centration drug solution that was available
(Lemaire & Meisch, 1985). In both studies,
as reinforcer magnitude increased, the num-
ber of reinforcer deliveries per session (and
thus food intake or drug intake) eventually
reached a plateau, above which it did not rise
(Figures 2, 3, and 5 in Kliner et al., 1988;
Figures 2 and 4 in Lemaire & Meisch, 1985).
Thus, although the physiological mechanisms
that limit intake of food and drug presumably
are quite different, an upper bound was
reached in both cases in the amount of re-
inforcer ingested. It is under just such con-
ditions that the term satiation might be used
to account for the descending portion of the
dose-response curve (i.e., such conditions
define satiation). In general, interpretation of
the inverted-U-shaped dose-response func-
tions obtained in different studies is difficult
because these functions may result from dif-
ferent mechanisms when different reinforc-
ers are used.

In oral ethanol self-administration studies,
a common practice is to test single ethanol
doses sequentially under continuous rein-
forcement schedules or under low FR sched-
ules (Meisch, 1977, 1984). The present re-
sults demonstrate, however, that the drug
dose that maintains the highest rate of re-
sponding under these conditions is not nec-
essarily the dose that is least perturbed by in-
creases in response demands (Experiment 1),
nor is it the dose that is selected when two
different doses are available concurrently
(Experiment 2). It appears that, when the dif-
ferent doses are tested sequentially, response
rate is not always a reliable index of the rel-
ative reinforcing effects of different doses of
alcohol. Thus, caution is indicated when in-
terpreting experimentally induced changes
in the response rate maintained by a drug
under these conditions in terms of changes
in the reinforcing effects of the drug.

REFERENCES

Beardsley, P. M., Lemaire, G. A., & Meisch, R. A. (1993).
Persistence of ethanol self-administration as a func-
tion of inter-reinforcer interval and concentration.
Drug and Alcohol Dependence, 34, 71-81.

Bickel, W. K., DeGrandpre, R. ]J., Higgins, S. T, &
Hughes, J. R. (1990). Behavioral economics of drug
self-administration. I. Functional equivalence of re-



ETHANOL DOSE AND CONCURRENT FR SCHEDULES 63

sponse requirement and drug dose. Life Sciences, 47,
1501-1510.

Bickel, W. K., Marsch, L. A., & Carroll, M. E. (2000).
Deconstructing relative reinforcing efficacy and situ-
ating the measures of pharmacological reinforcement
with behavioral economics: A theoretical proposal.
Psychopharmacology, 153, 44-56.

Boyle, A. E. L., Stewart, R. B., Macenski, M. J., Spiga, R.,
Johnson, B. A., & Meisch, R. A. (1998). Effects of
acute and chronic doses of naltrexone on ethanol
self-administration in rhesus monkeys. Alcoholism: Clin-
ical and Experimental Research, 22, 359-366.

Carroll, M. E. (1985). Concurrent phencyclidine and
saccharin access: Presentation of an alternative rein-
forcer reduces drug intake. Journal of the Experimental
Analysis of Behavior, 43, 131-144.

Carroll, M. E., & Meisch, R. A. (1984). Increased drug-
reinforced behavior due to food deprivation. In T.
Thompson, P. B. Dews, & J. E. Barrett (Eds.), Advances
in behavioral pharmacology (Vol. 4, pp. 47-88). Orlando,
FL: Academic Press.

Gieske, D. (1978). Integrated drinking device for monkeys
(Tech. Rep. No. PR-78-1). Minneapolis: University of
Minnesota, Reports from the Research Laboratories
of the Department of Psychiatry.

Henningfield, J. E., & Meisch, R. A. (1976a). Drinking
device for rhesus monkeys. Pharmacology Biochemistry
and Behavior, 4, 609—610.

Henningfield, J. E., & Meisch, R. A. (1976b). Ethanol as
a positive reinforcer via the oral route for rhesus mon-
keys: Maintenance of fixed-ratio responding. Pharma-
cology Biochemistry and Behavior, 4, 473-475.

Henningfield, J. E., & Meisch, R. A. (1978). Ethanol
drinking by rhesus monkeys as a function of concen-
tration. Psychopharmacology, 57, 133-136.

Iglauer, C., Llewellyn, M. E., & Woods, J. H. (1975). Con-
current schedules of cocaine injection in rhesus mon-
keys: Dose variations under independent and non-in-
dependent variable-interval procedures. Pharmacological
Reviews, 27, 367-383.

Iglauer, C., & Woods, J.H. (1974). Concurrent perfor-
mances: Reinforcement by different doses of intrave-
nous cocaine in rhesus monkeys. Journal of the Experi-
mental Analysis of Behavior, 22, 179-196.

Johanson, C. E. (1975). Pharmacological and environ-
mental variables affecting drug preference in rhesus
monkeys. Pharmacological Reviews, 27, 343-355.

Johanson, C. E., & Schuster, C. R. (1975). A choice pro-
cedure for drug reinforcers: Cocaine and methylphe-
nidate in the rhesus monkey. journal of Pharmacology
and Experimental Therapeutics, 193, 676-688.

Katz, J. L. (1989). Drugs as reinforcers: Pharmacological
and behavioural factors. In J. M. Liebman & S. J. Coo-
per (Eds.), The neuropharmacological basis of reward (pp.
164-213). New York: Oxford University Press.

Kliner, D. J., Lemaire, G. A., & Meisch, R. A. (1988).
Interactive effects of fixed-ratio size and number of
food pellets per fixed ratio on rats’ food-reinforced
behavior. The Psychological Record, 38, 121-143.

Lemaire, G. A., & Meisch, R. A. (1984). Pentobarbital
self-administration in rhesus monkeys: Drug concen-
tration and fixed-ratio size interactions. Journal of the
Experimental Analysis of Behavior, 42, 37-49.

Lemaire, G. A., & Meisch, R. A. (1985). Oral drug self-
administration in rhesus monkeys: Interactions be-

tween drug amount and fixed-ratio size. Journal of the
Experimental Analysis of Behavior, 44, 377-389.

Lemaire, G. A., & Meisch, R. A. (1991). Relative rein-
forcing effects of pentobarbital solutions orally self-
administered by rhesus monkeys under fixed-ratio
and signaled DRL schedules. The Psychological Record,
41, 551-583.

Macenski, M. J., & Meisch, R. A. (1998). Ratio size and
cocaine concentration effects on oral cocaine-rein-
forced behavior. Journal of the Experimental Analysis of
Behavior, 70, 185-201.

Meisch, R. A. (1977). Ethanol self-administration: Infra-
human studies. In T. Thompson & P. B. Dews (Eds.),
Advances in behavioral pharmacology (Vol. 1, pp. 35—-84).
New York: Academic Press.

Meisch, R. A. (1984). Alcohol self-administration by ex-
perimental animals. In R. G. Smart, H. D. Cappell, F.
B. Glaser, Y. Israel, H. Kalant, R. E. Popham, W.
Schmidt, & E. M. Sellers (Eds.), Research advances in
alcohol and drug problems (Vol. 8, pp. 23-45). New York:
Plenum Press.

Meisch, R. A. (2000). Relative persistence of behavior: A
fundamental measure of relative reinforcing effects.
Experimental and Clinical Psychopharmacology, 8, 333—
349,

Meisch, R. A., Henningfield, J. E., & Thompson, T.
(1975). Establishment of ethanol as a reinforcer for
rhesus monkeys via the oral route: Initial results. Ad-
vances in Experimental Medicine and Biology, 59, 323—
342,

Meisch, R. A., & Lemaire, G. A. (1988). Oral self-admin-
istration of pentobarbital by rhesus monkeys: Relative
reinforcing effects under concurrent fixed-ratio
schedules. Journal of the Experimental Analysis of Behav-
ior, 50, 75-86.

Meisch, R. A., & Lemaire, G. A. (1989). Oral self-admin-
istration of pentobarbital by rhesus monkeys: Main-
tenance of behavior by different concurrently avail-
able volumes of drug solution. Journal of the
Lxperimental Analysis of Behavior, 52, 111-126.

Meisch, R. A., & Lemaire, G. A. (1990). Reinforcing ef-
fects of a pentobarbital-ethanol combination relative
to each drug alone. Pharmacology Biochemistry and Be-
havior, 35, 443-450.

Meisch, R. A., & Lemaire, G. A. (1993). Drug self-ad-
ministration. In F. van Haaren (Ed.), Methods in behav-
ioral pharmacology (pp. 257-300). Amsterdam: Elsevier.

Meisch, R. A., Lemaire, G. A., & Cutrell, E. B. (1992).
Oral self-administration of pentobarbital by rhesus
monkeys: Relative reinforcing effects under concur-
rent signalled differential-reinforcement-of-low-rates
schedules. Drug and Alcohol Dependence, 30, 215-225.

Meisch, R. A., & Stewart, R. B. (1994). Ethanol as a re-
inforcer: A review of laboratory studies of non-human
primates. Behavioural Pharmacology, 5, 425-440.

Meisch, R. A., & Stewart, R. B. (1995). Relative reinforc-
ing effects of different doses of orally delivered co-
caine. Drug and Alcohol Dependence, 37, 141-147.

Meisch, R. A,, Stewart, R. B., & Wang, N.-S. (1996). Oral-
ly delivered methadone as a reinforcer for rhesus
monkeys: The relationship between drug concentra-
tion and choice. Pharmacology Biochemistry and Behav-
ion, 54, 547-554.

Meisch, R. A., & Thompson, T. (1974). Ethanol intake
as a function of concentration during food depriva-



64 ROBERT B. STEWART et al.

tion and satiation. Pharmacology Biochemistry and Behav-
ior; 2, 589-596.

Rodefer, J. S., Campbell, U. C., Cosgrove, K. P., & Carroll,
M. E. (1999). Naltrexone pretreatment decreases the
reinforcing effectiveness of ethanol and saccharin but
not PCP or food under concurrent progressive-ratio
schedules in rhesus monkeys. Psychopharmacology, 141,
436—446.

Rodefer, J. S., & Carroll, M. E. (1996). Progressive ratio
and behavioral economic evaluation of the reinforc-
ing efficacy of orally delivered phencyclidine and eth-
anol in monkeys: Effects of feeding conditions. Psy-
chopharmacology, 128, 265-273.

Samson, H. H. (2000). The microstructure of ethanol
drinking: Genetic and behavioral factors in the con-
trol of drinking patterns. Addiction, 95, Suppl. 2, S61—
S72.

Samson, H. H., & Hodge, C. W. (1996). Neurobehavior-
al regulation of ethanol intake. In R. A. Deitrich & V.
G. Erwin (Eds.), Pharmacological effects of ethanol on the
nervous system (pp. 203-226). Boca Raton, FL: CRC
Press.

Samson, H. H., Pfeffer, A. O., & Tolliver, G. A. (1988).
Oral ethanol self-administration in rats: Models of al-
cohol-seeking behavior. Alcoholism: Clinical and Experi-
mental Research, 12, 591-598.

Sclafani, A., & Clyne, A. E. (1987). Hedonic response of
rats to polysaccharide and sugar solutions. Neuroscience
and Biobehavioral Reviews, 11, 173-180.

Williams, K. L., Winger, G., Pakarinen, E. D., & Woods,
J- H. (1998). Naltrexone reduces ethanol- and su-
crose-reinforced responding in rhesus monkeys. Psy-
chopharmacology, 139, 53-61.

Woolverton, W. L., & Nader, M. A. (1990). Methods for
studying the reinforcing effects of drugs. In M. W.
Adler & A. Cowan (Eds.), Testing and evaluation of
drugs of abuse (pp. 165-192). New York: Wiley-Liss.

Young, A. M., & Herling, S. (1986). Drugs as reinforcers:
Studies in laboratory animals. In S. R. Goldberg & I.
P. Stolerman (Eds.), Behavioral analysis of drug depen-
dence (pp. 9-67). Orlando, FL: Academic Press.

Received March 15, 1996
Final acceptance August 27, 2001



