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Loss of Cholinergic Neurons
in the Rat Neocortex Produces
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FRIEDMAN. E., B. LERER AND J. KUSTER. Loss of cholinergic neurons in the rat neocortex produces deficits in
passive avoidance learning. PHARMACOL BIOCHEM BEHAYV 19(2) 309-312, 1983.—Bilateral kainic acid lesions of the
ventral globus pallidus produced a significant and selective cortical decrease in choline acetyltransferase activity in
the rat brain. When lesioned and control subjects were compared on performance of a step-through passive avoidance task,
lesioned rats showed a marked retention deficit 24 hr after the initial training trial. This experimentally-induced memory
deficit associated with a cortical cholinergic neuronal loss resembles the deficits in senile dementia of the Alzheimer type
and may provide a useful animal mode! for studying the discase.
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IN SENILE dementia of the Alzheimer type (SDAT), the
characteristic decrease in cognitive function is correlated
with reduced activity of brain choline acetyltransferase
(CAT), the synthetic enzyme for the neurotransmitter
acetylcholine [27]. Diminished CAT activity in SDAT has
been observed in various brain regions including the neocor-
tex [8,32]. In cortex, the reduction in this presynaptic
marker of cholinergic neurons is not accompanied by changes
in postsynaptic cholinergic receptors [9, 26, 28, 32] and is
probably due to loss of cholinergic afferents rather than to loss
of intrinsic cholinergic neurons [25,29].

The nucleus basalis of Meynert in the substantia in-
nominata gives rise of cholinergic neurons which project
diffusely to neocortex [16, 20, 24, 31]. A substantial
reduction in nucleus basalis neurons was recently doc-
umented in a patient with SDAT [33]. Johnston et al. [17,
18] have shown that destruction of cell bodies in the
area of the nucleus basalis in the rat (i.e., the ventral
globus pallidus) is associated with a specific loss of
cholinergic neuronal markers, primarily in fronto-parietal
cortex.

These findings along with the large body of evidence im-
plicating the central cholinergic nervous system in memory
and learning [10, 11, 14] have suggested to us that cortical
cholinergic synapses may mediate certain cognitive functions.
The present study examined the effects of disruption of
presynaptic cortical cholinergic neurons on the performance
and retention over 24 hr of an inhibitory learning (passive
avoidance) task in rats.

METHOD
Surgery

Male Sprague-Dawley rats weighing 200-250 g were main-
tained on a 12-hr light-dark cycle and allowed free access to
food and water. Prior to surgical procedures, subjects were
anesthetized with Nembutal (50 mg/kg IP). Bilateral lesions
were made by direct stereotaxic application of 1.0 ug kainic
acid (pH 7.1; Sigma) in 1 ul 0.2 M sodium phosphate buffer.
Coordinates for the lesions were 0.7 mm posterior to
bregma, 2.7 mm lateral to the midline, and 7.0 mm ventral to
the brain surface. Control animals were treated in the same
manner up to the point of the neurotoxin injection. In all
cases the success of the lesion was assessed by measurement
of brain CAT activity. Only animals which exhibited selec-
tive cortical CAT deficits without altered striatal enzyme
were included in the analysis of the behavioral data.

Behavioral Testing

Animals were trained and tested 14-16 days post-opera-
tively on a 24 hr passive-avoidance task. Each rat was indi-
vidually placed in the lighted front compartment of a two-
compartment shuttle box. Electromechanical switching cir-
cuitry was used to measure the subject’s latency to enter the
dark compartment of the shuttle box. When a subject had
been in the dark rear compartment for § sec, a 1.5 mA
scrambled foot-shock (Lafayette) was applied to the metal
grid bars of the floor until the subject escaped through the
doorway to the lighted front compartment. If the subject

'Preliminary results have been presented at the 12th Annual Society for Neuroscience meeting, Minneapolis, MN, October 31, 1982 and The
10th Aharon Katzir-Katchalsky Conference on the Aging of the Brain, Mantova, Italy, March 26, 1982. This research is supported in part by
U.S.P.H.S., RSDA MH 00208, grants 5T 32MH 15137 and MHCRC MH 35976.
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FIG. 1. Mean latency to enter dark compartment during acquisition
(training) and retention testing for control and kainic acid lesioned
rats. The bars represent the mean+SEM obtained from 6 animals
each. Retention, measured 24 hr post training, was significantly
(p<0.05) different in the lesioned group.

4

remained in the lighted compartment for 60 sec, it was re-
moved from the shuttle box and returned to its home cage. If
the subject re-entered the dark compartment during the 60
sec interval, the subject received another escapable foot-
shock and the 60 sec timer was restarted. Retention of the
passive avoidance task was measured 24 hr after training by
replacing a rat in the lighted front compartment and measur-
ing the latency to enter the dark rear compartment. The test
session ended when a subject entered the rear compartment
or after 600 sec had elapsed.

General motor activity was measured in a dark circular
compartment with six pairs of infrared photosensor circuits
(Lehigh Valley Electronics). Subjects were individually
placed in the activity compartment for a single 30 min ses-
sion on the day preceding passive-avoidance training. Digital
counters kept track of the number of times the photosensor
beams were broken and counts were recorded after each
consecutive 5 min period. All behavioral testing was con-
ducted during the middle portion of the diurnal light cycle.

Biochemistry

CAT activity was measured in various brain areas in
order to assess the extent and the distribution of cholinergic
neuronal loss produced by the lesion. Fifteen rats were sac-
rificed by decapitation 1 week after a unilateral injection of
kainic acid and the brains were quickly dissected over ice.
The olfactory tubercules, cingulate cortex, and the cortex
below the rhinal sulcus were discarded and the remaining
cortex was divided into frontal, parietal and posterior re-
gions as described previously [19]. Hippocampus and
striatum were also dissected for CAT analysis. CAT activity
in these brain regions was measured under saturating condi-
tions for both choline and *C-acetylcoenzyme A, as previ-
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TABLE 1

DEFICITS IN BRAIN CHOLINE ACETYLTRANSFERASE (CAT)
RESULTING FROM UNILATERAL KAINIC ACID INJECTION IN THE
NUCLEUS BASALIS

Percent CAT

Reduction*
Frontal Cortex (n=15) 47+
Parietal Cortex (n=15) A
Posterior Cortex (n=11) 17+
Striatum (n=10) 6
Hippocampus (n=8) S

*Mean control values (nmoles/mg tissue/hr); frontal cortex=35.36:
parietal cortex=5.37: posterior cortex=>5.03; striatum=22.12: hip-
pocampus=6.68.

p<<0.001 lesioned US control side by two-tailed 7 test.

ously described [21]. Statistical significance was determined
by the two-tailed Student’s ¢ test.

RESULTS

Lesioned animals exhibited motor hyperactivity, profuse
salivation, jumping, flailing the air with the front paws and
“‘wheelbarrow’" turning immediately and up to 6-10 hr fol-
lowing recovery from anesthesia. Following the hyperactiv-
ity stage, subjects displayed impaired motor reflexes (poor
grooming, grasping, negative geotaxis); locomotor deficits
persisted for 2-5 days following surgery. Aphagia and adip-
sia were observed for 6 to 10 days postoperatively; conse-
quently, lesioned animals were sustained by intragastric
feeding of Similac baby formula. Normal ingestion and
locomotion resumed during the second week of recovery.

On the passive avoidance task. the initial latencies to
enter the rear chamber on the training day were not signifi-
cantly different in the two groups of rats; control and
lesioned animals had latencies of 9.03=4.8 (S.E.M.) and
8.44+3.0 seconds respectively. The mean number of shocks
required during training was not different in the lesioned
and control groups (1.8 vs. 1.5). During retention testing, the
mean re-entry latency for control subjects was 503.9+:96
seconds and the mean re-entry latency for lesioned subjects
was 176.1+88 (»<0.05) (see Fig. 1).

Rats from both the lesion and control groups were given an
additional test to measure their sensitivity to scrambled foot-
shock. Testing was administered on the day after the reten-
tion testing for the passive avoidance task in a Plexiglas box
different from that used in the passive avoidance task. There
was no apparent difference in the pain reactivity threshold
for the two groups. Both lesioned and control subjects
showed evidence of a pain threshold at about 0.3 mA using
“flinch’” and removal of at least two paws from the floor grid
as criterion. Shocks were delivered in random order (with
shocks ranging from 0.1 mA to 1.0 mA in 0.1 mA steps) for 1
sec every 60 sec.

Motor activity rates were not significantly different in the
two groups. Mean motor activity during the first 5 min of the
session was 82.4+8.6 and 79.9+8.0 counts/min for the le-
sion and control groups respectively (p>0.2).

The effect of kainic acid injection on regional CAT activ-
ity is shown in Table 1. Enzyme activity was reduced signifi-
cantly (p<<0.001) in the frontal (47%), parietal (35%) and
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posteriors (17%) cortical areas. No significant alterations in
CAT activity were obtained in the striatum and hippocampus
of lesioned rats. The extent of the cholinergic deficit in the
trained animals was routinely assessed in the cortex (frontal-
parietal area) and was 30-509% reduced compared to control
animals.

DISCUSSION

The present data confirm previous findings [17] which
indicate that in the rat, cell bodies lying ventral to the globus
pallidus provide extensive cholinergic innervation of neocor-
tex. Moreover, our findings suggest that destruction of this
innervation results in a performance deficit on a 24 hr pas-
sive avoidance task. The impairment seems to be that of
retention and not of acquisition because the initial latenices
on training day and the number of shocks required during
training were not different in the lesioned and control
groups. It remains possible that short retention test latencies
may be secondary to changes in motor activity or to altered
pain sensitvity; however, spontaneous locomotor activity and
shock sensitivity measurements were not different in the exper-
imental and control groups. The finding in lesioned animals of
a decreased latency to enter the dark compartment 24 hr
after training was therefore attributable to a retention deficit
which may be related to a failure in memory processes; al-
ternatively, the retention deficit observed in the lesioned
animals may result from a failure of response inhibition.

It is interesting to note that the passive avoidance task has
previously been found to be sensitive to other manipulations
of cholinergic transmission [3. 4. 5, 14, 22]. A large body of
pharmacological literature has implicated the central
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cholinergic system in cognitive function in humans and
animals. Central cholinergic blockade with the muscarinic
antagonists atropine or scopolamine, or with acetylcholine
synthesis inhibitors pyrrolcholine or hemicholinium-3, result
in memory deficits [4, 6, 7, 14, 23]. On the other hand,
cholinomimetic drugs administered to normal subjects im-
prove performance on cognitive tasks and selectively reverse
scopolamine-induced memory deficits [1,11]. The present
data focuses on the role played by the specific cholinergic n.
basalis-cortical pathway in the passive avoidance task. The
kainic acid-induced cholinergic deficit was confined to corti-
cal areas and did not include the hippocampus and striatum,
two areas previously implicated in avoidance learning [15].

Pharmacological, biochemical and behavioral studies
conducted in animals and humans suggest that impaired
cholinergic neurotranmission is at least partly responsible for
the cognitive decline observed during senescence [2, 12, 13,
30]. The evidence for a cholinergic deficit is particularly
strong in SDAT patients who present marked losses in cog-
nitive functions [8]. Cognitive dysfunction in SDAT has been
correlated with marked reductions (50-90%) in cortical CAT
activity [28]. These congitive and CAT deficits are also cor-
related with the extent of neuritic plaques and neurofibrillary
tangles that histologically characterize SDAT [27].

The neurochemical and behavioral impairments induced
by the kainic acid lesion suggest that a parallel may be drawn
between the lesion effects in the rat and two important as-
pects of SDAT in humans—presynaptic cholinergic deficit and
cognitive impairment. This lesion may be useful, therefore, in
constructing an animal model to study the pathophysiology
of SDAT and to develop new strategies for the treatment of
the disease.
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