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Opiate Antagonists Improve Spatial Memory

Abstract. Rats trained on an eight-arm radial maze were challenged by placing the
maze in new spatial environments. Administration of opiate antagonists, either
naloxone or diprenorphine, after exposure to the new environments significantly
improved subsequent performance. The effect of naloxone on spatial memory was
attenuated when drug administration occurred 2 hours after maze exposure.

Russell and Nathan’s clinical descrip-
tion of retrograde amnesia in humans (/)
was soon followed by reports that treat-
ment after training could impair later
retention of a recently learned response
in laboratory animals. The effects of
treatments such as electroconvulsive
shock and protein synthesis inhibition in
laboratory animals depend on time—the
sooner the agent is administered after
training, the greater the amnesic effect
(2). In the past few years, many studies
have reported that opiates and opioid
peptides alter time-dependent memory
processes in laboratory animals (3). In
general, administering opiates and opioid
peptides at low doses produces amnesia
for events before treatment, and this
effect can be blocked by concurrent ad-
ministration of the opiate antagonist nal-
oxone (4). The complementary finding is
that administering an opiate antagonist
(for example, naloxone) by itself en-
hances retention (5).

Almost all the studies that have exam-
ined the effects of opiates on memory
have used aversive training procedures.

Table 1. Effects of opiate antagonist adminis-
tration on maze performance (/7). Values are
means * standard errors.

Errors to
criterion

Trials to

Treatment L
criterion

Experiment 1 (N = 8)

Saline 538 +0.71 12.0 = 2.89
Naloxone 3.25 £ 0.63* 4.4 +2.74*
Experiment 2 (N = 10)

Saline 490 +0.70 12.2 = 3.03
Diprenorphine 3.60 + 0.49* 5.8 + 2.89*
*Significantly different from saline treatment

(P < 0.005) (12).
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Since opioid peptide systems seem to be
activated by noxious stimuli (6), it has
been proposed that perhaps only those
memories involving painful or fear-pro-
ducing events will be influenced by
opioids and their antagonists (7). We
now report, however, that administering
opiate antagonists enhances memory of a
nonaversive spatial learning task.

Rats can be readily trained to visit
each arm of an elevated eight-arm radial
maze only once during a session when a
food pellet is placed at the end of each
arm (8). Accurate performance of this
task normally depends on information
provided by spatial cues in the environ-
ment outside the maze (9). We studied
possible enhancing effects of posttrain-
ing opiate antagonist administration on
spatial memory using a procedure in
which the performance of normal ani-
mals on the eight-arm maze was less than
optimal. A 6-hour delay was inserted
between the fourth and fifth choices;
animals were then challenged by placing
the maze in new spatial environments.
The effects of experimental treatments
on the development of criterion perform-
ance were assessed.

Male Sprague-Dawley rats (Charles
River Laboratories) (10) were originally
trained on the eight-arm maze until they
reached criterion performance by visit-
ing each arm with no more than two
errors (that is, an entry into an already-
visited arm) on three consecutive days.
Subsequently, increasing delays (I min-
ute, 30 minutes, 6 hours) were intro-
duced between the fourth and fifth
choices, and the animals were trained to
criterion at each delay. After completing
this training, animals were tested on the

same maze placed in two novel environ-
ments. The two new rooms were compa-
rable in size to the original room used for
training; a number of prominent cues
outside the maze (lighting fixtures, ob-
jects on the walls and floor) differed from
room to room. In one of the novel envi-
ronments, an opiate antagonist was ad-
ministered; in the other, the same ani-
mals were injected with physiological
saline. In order to ensure that the results
would reflect neither specific differences
in the two rooms nor order effects, treat-
ments were counterbalanced. Animals
were trained to criterion under the 6-
hour delay in each of the novel environ-
ments. All injections were administered
intraperitoneally immediately after the
first four correct choices at the beginning
of the delay period on each day of testing
until the criterion was reached. Two
separate experiments were done: the
opiate antagonist used in experiment 1
was naloxone (2 mg/kg), and that in
experiment 2 was diprenorphine (1
mg/kg).

The mean trials to criterion and errors
to criterion for each opiate antagonist
treatment group, summed over both nov-
el environments, are presented in Table
1 (11). In both experiments, administer-
ing an opiate antagonist led to acquisi-
tion in significantly fewer trials and with
fewer errors than were required with
saline treatment (/2). In fact, every ani-
mal in experiment 1 required fewer trials
to reach criterion with naloxone than
with saline.

The spatial nature of the memory in
this task was evaluated for both experi-
ments. When the maze was rotated (/3),
accurate performance was based on in-
formation provided by spatial cues in the
room surrounding the test apparatus.
This result indicates that new spatial
information was acquired during expo-
sure to each novel environment.

Another experiment was conducted to
assess further the reliability of the nalox-
one effect on spatial memory and to
evaluate whether this effect is time-de-
pendent. Ten rats were initially trained

Table 2. Time-dependent effects of adminis-
tration on maze performance. Values are
means * standard errors.

Treatment Tr‘ials~ to Er;org to
criterion criterion

Control

No treatment 4.7 *+ 0.64 11.2 = 3.12

Saline 4.8 £0.75 10.6 = 3.29
Naloxone

No delay 3.5+ 0.67% 3.7 £ 1.27*

2-hour delay 4.0 + 0.89 7.0 £ 293

*Significantly different from control treatments
(P < 0.001) (14).
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to criterion under a 5-hour delay proce-
dure. These animals were subsequently
tested according to a within-subject de-
sign in four different novel environments
under the following conditions: (i) no-
treatment, (ii) saline vehicle injection,
(iii) naloxone (2 mg/kg) administered at
the beginning of the 5-hour delay imme-
diately after the first four choices on the
maze; and (iv) naloxone (2 mg/kg) de-
layed for 2 hours after the initial four
choices. The assignment of animals to
treatments in each novel environment (a
room) was approximately counterbal-
anced.

As there was no statistically signifi-
cant difference between the no-treatment
and saline-treatment conditions (Table
2), for each animal, mean trials to criteri-
on and error scores were calculated.
These mean control values were used in
subsequent statistical analyses. As in the
previous experiments, naloxone admin-
istered immediately after the first four
choices significantly enhanced perform-
ance, as reflected in both trials and er-
rors to criterion (/4). The data from the
naloxone-delay condition do not, howev-
er, differ significantly from either the
control treatments or the naloxone treat-
ment at no delay. These results indicate
that naloxone does not produce an effect
comparable to that of the no-delay condi-
tion when administration is delayed for 2
hours after training. As in the previous
experiments, rotation of the maze on a
test conducted for each animal after cri-
terion performance indicated that per-
formance was based on extra-maze cues
provided in each environment (/3).

The results indicate that when per-
formance on a spatial learning task is less
than optimal, administering an opiate
antagonist after training can enhance
memory. Thus, the memory-enhancing
effect of opiate antagonists seems not to
be restricted to memories acquired
through aversive training or associated
with noxious events. This view of a more
general role for opioid peptides in memo-
ry is congruent with preliminary clinical
studies that have recently indicated that
naloxone improves memory functions in
patients with Alzheimer’s disease (I5).
Further research on the role of opioid
peptides in memory may, therefore,
have important implications for under-
standing the biological basis of both nor-
mal memory and its disorders.
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Optimization: A Result or a Mechanism?

Mazur reported ‘‘evidence against op-
timization as the basic mechanism un-
derlying choice behavior’” (I, p. 823).
But in so doing, he missed an important
point: optimality accounts are explana-
tions in terms of final causes, not de-
scriptions of a mechanism. It is a funda-
mental error to identify optimization the-
ory with any particular mechanism by
which optimal results are achieved (2, 3).
Consequently, an experiment ruling out
a particular optimizing mechanism has
little bearing on the general usefulness of
optimality accounts.

Mazur described a possible optimizing
mechanism that involves variation (prop-
erties unspecified) in the distribution of
responses between two choices and
comparison (across unspecified time pe-
riods) of the overall payoff rates so ob-
tained. His results rule out such a pro-
cess. However, many other processes,
sufficient to yield maximizing under the
usual conditions that yield matching of
response and reinforcement ratios, are
not ruled out. For example, if the animal
always chooses the alternative with high-
est probability of payoff (hill-climbing),

where the probabilities are based on its
past history of choices, results similar to
Mazur’s are to be expected (4). Hence
his experiment shows only that overall
payoff rate (averaged over periods of an
hour or so) is not used by pigeons as a
guide to choice proportion. Few optimal-
ity theorists, however, assume either
that overall reward rate is directly as-
sessed by animals or that pigeons are
capable of selecting a particular choice
proportion, as opposed to simply making
one or the other choice.

Optimality theory in general is not
testable, since any experimental result
can be expressed as the optimal solution
to some problem; what is testable is
constrained optimization, the idea that
animals behave optimally subject to
specified constraints (5). Mazur wrote,
“‘One might argue that the pigeons in this
study failed to optimize because they did
not ‘understand’ the complex contingen-
cies in effect. An animal’s ‘understand-
ing’ is not relevant to optimization the-
ory, however’” (I, p. 825). Actually,
though, the animal’s ‘‘understanding’’
defines the constraints within which it
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