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The engram found? Role of the cerebellum in
classical conditioning of nictitating membrane
and eyelid responses

DAVID A. McCORMICK, DAVID G. LAVOND, GREGORY A. CLARK,
RONALD E. KETTNER, CHRISTINA E. RISING, and RICHARD F. THOMPSON
Stanford University, Stanford, California 94305

Electrophysiological recording of neural unit activity during paired training trials from the
ipsilateral cerebellum in rabbits well trained in short-delay classical conditioning of the nictitat-
ing membrane (NM) and eyelid responses showed CS- and UCS-evoked responses and a
pattern of increased neural activity that correlates with the learned behavioral response. Large
ablations of the ipsilateral cerebellum completely and permanently abolished the conditioned
response in well trained animals, as did more localized stereotaxic lesions. These lesions had
no effect at all on the unconditioned reflex response. In marked contrast, conditioned responses
were easily trained in the eye contralateral to the cerebellar lesion. We suggest that at least
a part of the “engram,” the essential neuronal plasticity that codes the learned response,

may be localized to the cerebellum.

The initial goal in the analysis of the “engram,” the
essential neuronal plasticity that codes learning and
memory, is to determine the location of the engram in
the brain, if such exists. To date, this has not been done
for any instance of associative learning in the mamma-
lian brain. We report here evidence suggesting that the
engram for a simple form of associative learning, short-
delay classical conditioning of the nictitating membrane
(NM) and eyelid responses in the rabbit, is at least in
part localized to the cerebellum. Because this result is
of considerable potential importance, we are taking the
somewhat unusual step of reporting preliminary results
from experiments still in progress.

A number of brain regions are involved even in a
“simple” conditioned response (CR). In NM and eyelid
conditioning, both the neocortex (Megirian & Bures,
1970; Papsdorf, Longman, & Gormezano, 1965) and the
hippocampus (Thompson, Berger, Berry, Hoehler,
Kettner, & Weisz, 1980) normally play important roles.
In the case of the hippocampus, this is particularly so
when greater demands are placed on the memory system,
as in trace conditioning or latent inhibition (Solomon &
Moore, 1975; Weisz, Solomon, & Thompson, Note 1).
However, rabbits with all brain tissue above the level of
the thalamus removed can learn the short-delay classi-
cally conditioned NM response (Enser, Note 2), and
decerebrate cats can learn the short-delay classically
conditioned eyelid response (Norman, Buchwald, &
Villablanca, 1975). These results suggest that there is an
essential neuronal circuit below the level of the thalamus
that codes the short-delay CR.

Our initial approach to identification of this circuit
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has been to map the entire brain stem in already trained
animals by recording neural unit activity. In the course
of this mapping, we discovered a clear pattern of
increased unit activity in portions of the cerebellum
that corresponds closely with the learned behavioral
response. We then undertook two types of lesion studies,
large ablations and more localized stereotaxic lesions, in
well trained animals. All these results will be reported
here.

It is important to emphasize the nature of the CR.
Investigators typically record either extension of the
NM, which is a largely passive consequence of eye-
ball retraction (Cegavske, Thompson, Patterson, &
Gormezano, 1976), or closure of the external eyelid.
However, with standard procedures for NM condition-
ing, both become conditioned simultaneously and
synchronously, together with some degree of contrac-
tion of the periorbital facial musculature (Lavond,
Judson, & Thompson, Note 3; McCormick & Thompson,
Note 4). The major components are NM extension (eye-
ball retraction) and eyelid closure. Both were measured
and/or observed in these experiments. When we refer to
the CR below, we mean both the NM and eyelid. All
effects reported here occur equally for both.

METHOD

Preliminary results from three experiments are reported here:
(1) electrophysiological recording from the ipsilateral cerebellum
of multiple-unit activity in well trained animals, (2) effects of
large ablations (by aspiration) of the ipsilateral cerebellum in
well trained animals, and (3) effects of localized electrolytic
stereotaxic lesions in the ipsilateral cerebellum in well trained
animals. Standard techniques were used for recording the NM
and multiple-unit neural activity (Berger & Thompson, 1978;
Cegavske, Patterson, & Thompson, 1979). We developed a
chronic microdrive system that permits systematic mapping/
recording of multiple- or single-unit activity over a maximum
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extent of about 200 mm?® of brain tissue in a given animal.
The microdrive system is implanted at least 5 days prior to
training, using halothane anesthesia. After the animal is trained,
a microelectrode is inserted, unit activity and NM are recorded
(and eyelid response observed) for a block of eight paired trials,
the electrode is advanced, recording is done again, and so on. In
the present paper, we report results of multiple-unit recording in
the lateral cerebellum.

Training conditions were identical for the electrophysiolog-
ical study and the stereotaxic lesion study, and they have been
described in detail elsewhere (Berger & Thompson, 1978).
The short-delay procedure was used: tone CS (85 dB, 1kHz,
350 msec), and corneal air-puff UCS given the last 100 msec of
the CS duration. The intertrial interval averaged 60 sec, and a
tone-alone test trial was given every ninth trial. A total of 117
trials were given each day. Conditions were slightly different for
the ablation studies (Kettner, Shannon, Nguyen, & Thompson,
1980). The CS was a 36-dB spectral-level white noise, and 75%
of the trials were paired and 25% were CS alone in a random
sequence with a 50-sec intertrial interval, for a total of 120
trials per day. In the ablation study, all animals were trained to a
criterion of eight CRs in nine successive trials and then given 1
full day of subsequent training, subjected to the ablation,
allowed at least 5 days of recovery, and then given 4 full days of
training. In the lesion study, lesion electrodes or micromanipu-
lators were implanted 5 days prior to initial training, and the
animals were trained as the ablation animals were. At the end of
the day of overtraining, the animals were lightly anesthetized
with halothane and the electrolytic lesion was made. The animals
were allowed 24 h of recovery and then given 4 full days of
retraining. .

RESULTS

Recordings

A total of 15 animals have been studied to date. The
electrophysiological recordings (multiple unit) show a
pattern of increased unit activity during trial periods in
the cerebellum. There is a tone-evoked onset-type
response, an air-puff-evoked onset-type response, and a
patterned increase in unit firing that forms a temporal
model of the learned behavioral response. This last
resembles the learning-induced response that develops in
the hippocampus (Berger & Thompson, 1978). However,
unit activity in the hippocampus does not show the
stimulus-evoked onset responses.

Ablation

Four animals have been run to date. All four learned
to criterion in less than 2 days of original training. In all
four animals, large ablation of the ipsilateral cerebellum
completely abolished the conditioned response but had
no effect at all on the unconditioned response. None of
the four animals showed any clear signs of relearning the
original conditioned response. Lesions in all four animals
included at least the ansiform and paramedian lobes and
most of the intermediate and dentate nuclei. As would
be expected, these animals showed varying degrees of
motor symptoms following ablation. The selective
abolition of the CR by these cerebellar ablations is not
due simply to nonspecific effects of the ablation proce-
dure per se. In other studies, comparably large or larger
ablations of other structures (e.g., posterior neocortex
and varying amounts of the colliculi), using the same
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paradigm with 5 days of recovery, had no effect at all on
the CR (McCormick, Kettner, & Thompson, Note 5).

Electrolytic Lesions

A total of six animals have been run to date. Lesions
localized to the dentate nucleus and vicinity produced
complete abolition (n = 2) or severe impairment (n = 2)
of the CR. Lesions that were dorsal and caudal to the
dentate nucleus (n = 2) had no effect at all on the CR.
In two of the animals in which the CR was abolished or
severely impaired, there were no detectable motor
symptoms.

Training of Contralateral Eye

At the end of the 4 days of postoperative training to
the eye ipsilateral to the cerebellar lesion, three animals
who showed not a single CR in postoperative training
were selected, two with a large ablation and one with a
localized stereotaxic lesion. They were then given train-
ing to the contralateral eye. All three learned in a few
trials and maintained a robust and consistent CR. Train-
ing was again shifted back to the original (ipsilateral)
eye, and none of the three animals showed any clear
signs of conditioned responding.

DISCUSSION

The pattern of electrophysiological activity we found in the
lateral cerebellum is what might be expected in a brain region
that contains the “engram,” namely, converging sensory infor-
mation about the occurrence of the CS and the UCS and a neu-
ronal representation of the learned behavioral response. Because
the recordings are multiple unit, we do not yet know whether
these various responses are generated by the same or different
neurons. This will be determined with single-unit recording.

The ablation experiment indicates that the ipsilateral cere-
bellum is essential for the learned response. The stereotaxic
lesion results suggest there is at least some degree of localization
within the cerebellum (e.g., dentate nucleus and vicinity). The
complete absence of any deficit in conditioned responding in
animals with lesions dorsal and caudal to the dentate nucleus
rules out possible nonspecific effects of at least the electrolytic
lesion procedure. The fact that animals with large ablations or
stereotaxic lesions that permanently abolished the CR ipsilateral
to the lesion rapidly and easily learned the CR with the contra-
lateral eye is decisive evidence against nonspecific lesion effects.
The absence of motor symptoms in two of the electrolytic lesion
animals with severe memory deficits argues that abolition of the
CR is not simply a result of motor dysfunction.

We would like to suggest that the engram for short-delay
classical conditioning of the NM and eyelid is localized within
the ipsilateral cerebellum. Our results are consistent with this
hypothesis. However, it is also possible that only a part of the
engram, albeit an essential part, is in the cerebellum. In other
current work, we have found complete abolition of the same
CR with lesions in the ipsilateral pontine reticular formation
(Lavond, McCormick, Clark, Holmes, & Thompson, Note 6).
However, the effective lesion site is close to the decussation of
the brachium conjunctivum and may interrupt essential cerebel-
lar connections. Alternatively, both structures may be a part of
the essential learning-memory circuit.

Other possibilities exist. The most obvious is that the cere-
bellum is merely essential for the performance of the CR (i.e.,
the expression of the learned response). Even this is of great
interest. The fact that cerebellar lesions have no effect on



the UCR indicates that the circuitry essential for the learned
response is separate from the circuitry involved in the uncondi-
tioned reflex response. Still another possibility is that the
engram itself, the neural plasticity that codes the learned
response, is localized elsewhere, and ipsilateral cerebellar damage
produces abnoimal or asymmetrical actions on this other region
that prevent the expression of the CR. The fact that animals
rapidly learned the CR contralateral to the cerebellar lesion but
showed no sign of retention or relearning of the ipsilateral CR
argues against this interpretation, as do the electrophysiological
data,

If an essential part of the neuronal plasticity that codes learn-
ing is in fact localized to the cerebellum, it seems probable that
it is in the cerebellar cortex rather than the deep nuclei. It is
difficult to imagine a more ideal structure in which to analyze
the nature of the engram; the cerebellar cortex has a uniform
and relatively simple organization and is very well character-
ized anatomically and physiologically (e.g., Eccles, Ito, &
Szentigothai, 1967; Llinds, 1969, 1974; Palay & Chan-Palay,
1974; Shambes, Gibson, & Welker, 1978). The cerebellum has
long been suggested as a possible locus for the coding of learned
motor responses (e.g., Eccles et al., 1967). We know of no reason
to suppose that the cerebellum has a special role for such move-
ments as NM extension and eyelid closure. Consequently, we
argue that the present result may hold for all simple learned
responses involving discrete, striated muscle movements.
Although cerebellar lesions have been reported to impair a
variety of skilled movements in animals (e.g., Brooks, 1975),
to our knowledge the present experimental results are the first
to show that damage to the ipsilateral cerebellum can selectively
abolish a simple learned response. This result is nicely consistent
with our earlier suggestion that the engram for simple learned
responses is some form of a “motor plan” (Thompson etal.,
1980).
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