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CORBETT, D. Ketamine blocks the plasticity associated with prefrontal cortex self-stimulation. PHARMACOL BIOCHEM BE-
HAV 37(4) 685-688, 1990.—Intracranial self-stimulation (ICSS) at sites within the medial prefrontal cortex (MFC) is acquired
slowly but can be hastened by prior exposure to a regimen of noncontingent stimulation delivered to the MFC ICSS electrode. The
facilitatory effects of noncontingent MFC stimulation on subsequent ICSS acquisition were blocked by pretreatment with ketamine,
a noncompetitive antagonist of the N-methyl-D-aspartate (NMDA) receptor. These findings provide further support for the view that
the NMDA receptor is importantly involved in mechanisms of neural plasticity.
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THE N-methyl-D-aspartate (NMDA) receptor has been implicated
in various forms of neuronal plasticity including: long-term po-
tentiation (LTP), kindling and spatial learning. For example,
NMDA receptor antagonists have been reported to block the for-
mation of LTP but not to interfere with its expression (4, 8, 21).
Similar results have been noted with kindling where NMDA an-
tagonists retard the development of amygdala or electroshock kin-
dling (2, 3, 10, 18). However, the most interesting effects of
NMDA receptor blockade are those demonstrating an interference
with learning. Morris was the first to show that an NMDA antag-
onist selectively interfered with acquisition of place learning in
the Morris water maze (19). Since then, there have been numer-
ous studies involving NMDA antagonists that have demonstrated
learning impairments in: spatial or place tasks (12, 29, 30); pas-
sive avoidance tests (1,25), but not cue or visual discrimination
tests (20,25). Since kindling and LTP share many characteristics
and have both been suggested to represent models of learning and
memory (3), it is not surprising that they appear to rely, at least
in part, upon the same mechanism (i.e., NMDA activation) for
their development. However, other types of neuroplasticity with
less apparent relation to learning also appear to utilize the NMDA
receptor. For instance, the shift in ocular-dominance during the
critical period of visual system development as the result of mo-
nocular occlusion can be attenuated by intracortical infusion of an
NMDA antagonist (11). These latter findings suggest that the
NMDA receptor may participate generally in many different types
of neuroplasticity.

An interesting type of plasticity is also associated with ICSS
in the prefrontal cortex. Self-stimulation in this brain region is
typically acquired very slowly, taking 46 days to develop. The
acquisition of prefrontal ICSS can be facilitated by pretreatment
with noncontingent stimulation prior to lever-press training (5,23).
This pretreatment effect is similar to the potentiation characteris-
tic of LTP and kindling and thus may also involve the NMDA
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receptor. If this hypothesis is correct then an NMDA antagonist
should block the facilitatory effects of prior noncontingent stimu-
lation on subsequent acquisition of prefrontal cortex ICSS.

METHOD
Subjects and Procedure

Twenty-nine male Sprague-Dawley rats were implanted with
250 pwm monopolar electrodes aimed at the MFC while under so-
dium pentobarbital anesthesia (65.0 mg/kg, IP). After a one-week
recovery period the rats were assigned to the following groups:
Normal control (NC, N=9); Stimulation + saline (S + S, N=
10); Stimulation + ketamine (S + K, N=10).

Rats from all 3 groups were placed in operant chambers for 20
min per day for 5 test days. The pretest chambers were identical
to the chambers used for ICSS except that they lacked levers. The
groups differed as follows: Group S + S received bursts of non-
contingent, square wave pulses delivered to the MFC electrodes
at the rate of Y4 s. The pulses were 400 pA in amplitude, 0.1 ms
wide and were delivered in 0.5-s trains at a rate of 100 Hz. The
stimulation was administered 20 min per day for 5 days. Each
day, immediately before being placed into the pretreatment cham-
bers the rats were given IP injections of saline. Group S + K was
treated identically except that rats received a 40.0 mg/kg dose of
the NMDA antagonist ketamine prior to being placed in the pre-
treatment chambers.

Three days later the animals were tested for acquisition of
ICSS in daily 30-min test sessions. The rats were placed into op-
erant chambers and given 5 priming stimulations. The total num-
ber of responses per 30-min session were then recorded. The
stimulation parameters were identical to those used in the pre-
treatment phase. The acquisition criterion was 15 responses/30
min session maintained for 3 consecutive test days. This criterion
level is about twice the operant rate and has been found to re-
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FIG. 1. Mean number of Days =SEM to acquire ICSS for each of the
three groups: normal controls (NC), saline + MFC stimulation group (S
+ S) and the ketamine + MFC stimulation group (S + K).
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liably separate responders from nonresponders (7). Any animals
that failed to meet this criterion within the 15-day test period
were considered nonresponders and were discarded from the ex-
periment.

Histology

At the conclusion of behavioural testing the animals were sac-
rificed with an overdose of sodium pentobarbital and perfused
with 0.9% saline followed by 10% phosphate-buffered formalin.
The brains were removed and stored in fixative prior to being
sectioned at 40 wm in a cryostat. Sections were subsequently
stained with cresyl violet and electrode placements determined.

RESULTS

Three animals (Group S + S=1, Group S + K=2) did not
acquire ICSS within the 15-day test period. In addition, | animal
(Group S + S) was discarded due to loss of its electrode as-
sembly.

From Fig. 1 it can be seen that Control animals acquired ICSS
after 5.3 =3.13 days, Group S + S-treated animals acquired af-
ter 2.9+2.18 days, while Group S + K acquired ICSS after
7.6+3.24 days. Pretreatment with noncontingent stimulation re-
sulted in more rapid acquisition of prefrontal ICSS: NC vs. S +
S, Mann-Whitney U(10,11)=24.0, p<<0.05. This facilitatory et-
fect was blocked by ketamine: NC vs. S + K, U(9,11)=26.5,
n.s. All electrodes were found to be localized to the prelimbic
area of the MFC (Fig. 2).

DISCUSSION

The present results suggest that the facilitatory effects of non-

FIG. 2. A typical MFC electrode placement. Cresyl violet stain, 40 pm section.
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contingent MFC stimulation on subsequent acquisition of ICSS
may involve the NMDA receptor. Consistent with this view are
earlier findings showing that several of the efferent pathways im-
plicated in MFC ICSS, such as cortico-cortical fibres (6, 23, 26),
contain glutamate as their neurotransmitter (8). Also, NMDA an-
tagonists such as MK-801 and AP5 have been shown to retard the
development of kindling and LTP (4, 16, 19) and the prefrontal
cortex has been found to support both of these phenomena (27,28).
Indeed, given their many common characteristics it is possible
that similar neural circuitry may underlie the development of
ICSS, kindling and LTP. Robertson (24) has provided evidence
for a more direct link between kindling and development of MFC
ICSS by demonstrating that anticonvulsant agents such as diaz-
epam or phenobarbital attenuate the facilitatory effects of noncon-
tingent stimulation on acquisition of MFC ICSS. However, the
parallels between kindling and MFC ICSS may be somewhat su-
perficial since the frequency of the stimulation trains used to fa-
cilitate acquisition of MFC ICSS do not usually lead to behavioural
seizures and may elevate seizure thresholds (22).

Another interpretation of these results is that ketamine blocked
neuronal activity nonspecifically by way of its anesthetic proper-
ties. This seems unlikely since the dose of ketamine used (40
mg/kg) does not produce anesthesia (14) and many of its more
nonselective effects (e.g., ataxia) undergo rapid tolerance, whereas
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the ability to block kindling does not. Surprisingly, ketamine ac-
tually seemed to prolong MFC acquisition (7.6 days versus 5.3
for controls) in the present experiment. This result may be due to
the use-dependent effects of noncompetitive antagonists such as
ketamine, MK-801 and phencyclidine which block the NMDA-
associated ion channel (13, 17, 31). In the absence of agonist,
recovery from channel block has been found to be protracted
(15,17). Thus, ketamine may have continued to partially block
NMDA receptors into the first few ICSS sessions after drug treat-
ment had ended. In support of this view are other data showing
long-lasting behavioural impairments following a single injection
of MK-801 (30).

Whatever the mechanism of ketamine’s effects on MFC ICSS,
the above results provide additional support for the view that the
NMDA receptor underlies quite diverse forms of neural plastic-
ity. Further, like LTP and kindling, MFC ICSS may provide a
useful model with which to investigate the neurochemical basis of
learning and memory.
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