in the control of smooth pursuit eye
movements by providing the oculomotor
system with target velocity information.
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Drug Discrimination Training with Progressively Lowered Doses

Abstract. Rats were trained to discriminate drug from no-drug conditions in a two-
lever operant task. Moderately high dosages were used initially. Whenever the dis-
crimination was learned, training was continued with progressively reduced dos-
ages. Eventually the rats discriminated extremely low doses of phenobarbital,
chlordiazepoxide, cyclazocine, and fentanyl.

Drug discrimination (DD) procedures
are used as tools for investigating the ac-
tions of psychoactive drugs. In most DD
studies, rats are trained to discriminate
between the presence and the absence of
a particular drug and dosage. The utility
of the resulting discriminations is influ-
enced by a variety of factors including
the duration of training required to estab-
lish the discriminations, the stability and
accuracy of the discriminations, and the
dosage used during training.

The earliest DD studies used highly in-
toxicating doses (/). The development of
more sensitive procedures permitted
training doses to be somewhat lower (2,
3). However, these procedures required
30 to 40 sessions of training before DD’s
were learned, and the duration of train-
ing increased if dosage was decreased.
These drawbacks discouraged investiga-
tors from using low training doses. Re-
cently we identified further methodologi-
cal improvements that allowed DD’s to
be learned with moderate doses in 10 to
15 training sessions (¢). As it appeared
that these methods should make it feasible
to establish DD’s with lower training
doses than had been used previously, we
have now attempted to find the lowest
dose at which each of several drugs

could be discriminated. To determine‘

this ‘‘threshold’” dose, we started train-
ing with a moderately high dose and then
reduced the dosage whenever perform-

ance indicated that a DD had been
learned (5).

Rats were deprived of water for 24
hours and trained to bar press in a com-
partment that contained two bars (6). Re-
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Fig. 1. Rats were required to press bar 1 when
drugged and bar 2 when not drugged. Training
dosage was decreased whenever this discrimi-
nation was learned and increased whenever
the discrimination was not learned for 20 con-
secutive sessions. The plots show training
dosages for seven individual rats during suc-
cessive blocks of ten sessions. Note the dis-
placed ordinate for amphetamine.

720 0036-8075/79/0817-0720$00.50/0 Copyright © 1979 AAAS

inforcement was 0.1 ml of 1 percent sac-
charin solution. In order to obtain rein-
forcement, the rats were required to
press bar 2 on days when they were
drugged and to press bar 1 when un-
drugged (7). An interlocking fixed ratio-
fixed interval (FR-10-FI-90 seconds)
schedule of reinforcement was used (8).
After initial shaping was completed,
training consisted of daily 15-minute ses-
sions (9).

At the beginning of each training ses-
sion, no reinforcement was delivered un-
til the rat had accumulated ten presses
on one bar or the other. Presses on both
bars before the first reinforcement of
each session were used to indicate the
accuracy with which the rat could select
the currently correct bar on the basis of
the imposed drug state (that is, the de-
gree to which the drug and no-drug con-
ditions had acquired discriminative con-
trol). Criterion performance was five or
fewer presses on the incorrect bar prior
to completion of ten presses on the cor-
rect bar during eight out of ten con-
secutive sessions.

The drugs used for training were all
known to be discriminable. Initial train-
ing dosages, selected on the basis of pilot
experiments, ranged from 60 to 90 per-
cent of the maximum doses that could be
used without severely disrupting bar
pressing. As training proceeded, per-
formance was reviewed every ten ses-
sions, and the training dosage of each
drug was altered according to the follow-
ing rules: (i) If performance was at crite-
rion level during the ten sessions, the
dosage was reduced by about 30 percent.
(ii) If criterion was not achieved, the dos-
age was not changed. (iii) Whenever cri-
terion was not achieved during 20 con-
secutive sessions of training with a par-
ticular dosage, the dosage was raised by
30 percent. To avoid behaviorally toxic
effects, doses were never raised above
the original training dosages.

During successive 10-day blocks of
training sessions, all drugs were discrim-
inated, and these discriminations were
maintained during reductions in dosage
ranging from 60 to 95 percent (Fig. 1).
With some drugs, dosage reductions oc-
curred as rapidly as the procedure al-
lowed (30 percent every ten sessions),
whereas with other drugs, dosage was
reduced more slowly. The number of
training sessions before the beginning of
criterion performance with the initial
training dosages ranged from one with
phenobarbital (40 mg per kilogram of
body weight) to 51 with scopolamine (0.3
mg/kg); this index of the discriminability
of the initial training dose was not highly
correlated with the amount of reduction
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in training dosage that was subsequently
found to be possible (r = —.36). After
the threshold dose was reached, sub-
stantial variations in the discriminated
dose occurred with some of the drugs.
Although these variations may have re-
flected real changes in the discrimina-
bility of the drugs, some dosage reduc-
tions may also have been based on spu-
riously achieved criterion-level perform-
ance, with dosage subsequently return-
ing upward to the actual threshold dose.
Possibly the use of a more stringent
criterion would reduce the size of such
oscillations.

The results leave several questions un-
answered. One of the most useful prop-
erties of high-dose DD’s is their specific-
ity. This specificity is great enough so
that after drug versus no-drug discrimi-
nation training with a particular drug,
rats appear to disregard the stimulus ef-
fects of most other drugs, except those
that are pharmacologically related to the
training drug (/0). It is not yet known
whether rats trained with very low doses
will exhibit greater or less specificity
than is observed after training with high
doses. Additionally, the threshold doses
determined in this experiment, which are
probably specific to the particular train-
ing procedures that we followed, were
obtained in only a single animal for each
drug. Further studies might attempt to
replicate the threshold dose obtained
with each drug, and could determine
thresholds for discrimination with other
types of psychoactive drugs and with
various schedules of reinforcement.

With some of the drugs tested, the fi-
nal training doses were comparable to
the lowest doses that can produce ob-
servable effects in any other behavioral
test paradigm. This result indicates that
DD’s provide a test procedure that can
be as sensitive as behavioral tests specif-
ically developed to respond to the effects
of individual classes of drugs. Such sen-
sitivity might be useful in a variety of
contexts. For example, the use of low
training doses might increase the sensi-
tivity of DD studies designed to investi-
gate agonist-antagonist interactions or
changes in drug effects caused by manip-
ulating neurotransmitters or precursors.
Also, many instances of drug abuse
(such as tobacco smoking) involve re-
peated self-administration of doses too
low to produce obvious behavioral con-
sequences (other than self-administra-
tion); low-dose DD’s might provide a
method for investigating the effects of
drug doses comparable to those used
during such drug abuse.

The results appear to have theoretical
significance. State-dependent learning
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(SDL) and DD’s are probably controlled
by the same mechanism (2). A variety of
mechanisms have been hypothesized to
be responsible for SDL and DD’s (/1);
Bliss has divided these models into two
general classes—sensory mechanisms
and central state or neurological mecha-
nisms (/2). It has thus far been impos-
sible to experimentally verify any of
these models. The present results are
easily explicable under most sensory
models by postulating that the animals
learned to discriminate the effects of in-
creasingly low doses of drug as training
progressed. However, few of the ‘‘neu-
rological”” models for SDL would oper-
‘ate over a 10:1 dosage range with suf-
ficient strength to maintain discrimina-
tive control. By inference, the results
support sensory interpretations of SDL
and of DD’s.

DoNALD A. OVERTON
Temple University School of Medicine,
Eastern Pennsylvania Psychiatric
Institute, Philadelphia 19129
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Superstitious Bar Pressing in Hippocampal and Septal Rats

Abstract. Unlike normal animals or those with sham lesions, rats with hip-
pocampal and septal lesions behaved in an operant chamber as if a dependency
existed between pellet delivery and their behavior, despite the fact that reinforce-
ment was based on time, not behavior, and was therefore free. This superstitious
behavior did not result from a general inability to inhibit responding, as responding
rapidly ceased when the pellets were discontinued. These findings suggest that the
hippocampus integrates information regarding response-reinforcer relations, which
in the normal rat permits superfluous operant behavior to be eliminated.

Most *‘superstition’” (/) experiments
have used birds as subjects. The super-
stitious pattern emerges when reinforce-
ment is independent of response (2); it is
characterized by sequential responses
repeated stereotypically, including the
much studied instrumental response—
pecking (3). The rat, although continuing
to emit a wide variety of consummatory
and other (4) responses in the presence
of free reinforcement does not persist in
bar pressing. This response begins at
moderately high rates but is dynamic; by
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the third or fourth session it is virtually
absent from performance (5).

Perhaps the rat does not possess the
associative or motivational mechanism
responsible for the avian pattern. More
likely, a mechanism may have evolved
whereby mammals can eliminate some of
their superfluous, energy-consuming re-
sponses. Neuroanatomical (6) and neu-
robehavioral (7) evidence point to the
hippocampus as a likely candidate for
the performance of this function.

As a test of the hypothesis that the rat
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