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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 BEHAV 19(2) 30%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 model for studying the disease. 
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IN S E N I L E  dement ia  of  the Alzhe imer  type (SDAT),  the 
character is t ic  decrease  in cogni t ive funct ion is correla ted 
with reduced act ivi ty o f  brain choline acetyl t ransferase  
(CAT),  the synthet ic  e n z y m e  for the neu ro t r ansmi t t e r  
acetylchol ine  [27]. Diminished CAT activi ty in S D A T  has 
been observed  in var ious brain regions including the neocor-  
tex [8,32]. In cor tex,  the reduct ion in this presynapt ic  
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 o f  Meyner t  in the substant ia  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 associa ted with a specific loss of  
cholinergic neuronal  markers ,  primarily in fronto-parietal  
cor tex.  

These findings along with the large body of  evidence im- 
olicatin~ 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 al lowed free access  to 
food and water.  Prior to surgical procedures ,  subjects were 
anes thet ized  with Nembuta l  (50 mg/kg IP). Bilateral lesions 
were made by direct stereotaxic application of  1.0/zg kainic 
acid (pH 7.1 ; Sigma) in 1 ~1 0.2 M sodium phosphate  buffer. 
Coordinates  for the lesions were 0.7 mm poster ior  to 
bregma,  2.7 mm lateral to the midline, and 7.0 mm ventral  to 
the brain surface.  Control  animals were  t reated 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 exhibi ted selec- 
t ive cort ical  CAT deficits without al tered striatal enzyme  
were included in the analysis of  the behavioral  data. 

Behavioral Testing 

Animals were trained and tested 14-16 days post-opera- 
t ively on a 24 hr pass ive-avoidance  task. Each rat was indi- 
vidually placed in the lighted front compar tment  of  a two- 
compar tment  shuttle box. Elec t romechanica l  switching cir- 
cuitry was used to measure  the subjec t ' s  la tency to enter  the 
dark compar tment  o f  the shuttle box. When a subject had 
been in the dark rear compar tment  for 5 sec, a 1.5 mA 
scrambled foot -shock (Lafayet te)  was applied to the metal 
grid bars of  the floor until the subject  escaped through the 
doorway  to the lighted front compar tment .  If  the subject 
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U.S.P.H.S., RSDA MH 00208, grants 5T 32MH15137 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. 

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 rain 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 '4C-acetylcoenzyme A, as previ- 

TABLE 1 

DEFICITS 1N BRA1N CHOLINE ACETYLTRANSFERASE (CATI 
RESULTING FROM UNILATERAL KAIN1C ACID INJECTION IN THE 

NUCLEUS BASALIS 

Pe rcen t  C A T  
Reduc t ion*  

Frontal Cortex (n 15) 47t 
Parietal Cortex (n= 15) 35t 
Posterior Cortex (n- 1 I) 17+ 
Striatum In 10) 6 
Hippocampus In=8) 5 

*Mean control values {nmoles/mg tissue/hr); frontal cortex-5.36: 
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 t lesl. 

ously described [21]. Statistical significance was determined 
by the two-tailed Student 's t 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. I). 

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 Hexiglas 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 
see every 60 sec. 

Motor activity rates were not significantly different in the 
two groups. Mean motor activity during the first 5 rain 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 I. Enzyme activity was reduced signifi- 
cantly (p<0.001) in the frontal (47%), parietal (35%) and 
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pos te r io r s  (17%) cor t ica l  a reas .  No  s ignif icant  a l t e ra t ions  in 
CAT act ivi ty  were  ob t a ined  in the  s t r i a tum and  h i p p o c a m p u s  
of  les ioned rats.  The  ex t en t  of  the  chol inerg ic  defici t  in the  
t ra ined  an imal s  was  rou t ine ly  a s se s sed  in the  cor tex  (frontal-  
parietal  area)  and  was 30-50% reduced  c o m p a r e d  to con t ro l  
an imals .  

DISCUSSION 

The  p resen t  da ta  conf i rm prev ious  f indings  [17] which  
indicate  tha t  in the rat ,  cell bod ies  lying vent ra l  to the  g lobus  
pal l idus provide  ex t ens ive  chol inerg ic  inne rva t ion  of  neocor -  
rex. Moreove r ,  ou r  f indings  sugges t  tha t  des t ruc t ion  of  this  
i nne rva t ion  resul ts  in a pe r f o r m ance  deficit  on  a 24 hr  pas- 
sive a v o i d a n c e  task.  The  impa i rmen t  s eems  to be tha t  of  
r e t en t ion  and  not  of  acquis i t ion  becaus e  the  initial l a ten ices  
on t ra in ing day and  the  n u m b e r  of  shocks  requi red  dur ing  
t ra in ing  were  not  d i f ferent  in the  les ioned and  cont ro l  
g roups .  It r ema ins  poss ib le  that  shor t  r e t en t ion  tes t  la tenc ies  
may be secondary  to changes  in moto r  activity or  to al tered 
pain sensi tv i ty ;  however ,  spon taneous  locomotor  activity and 
shock sensi t ivi ty m e a s u r e m e n t s  were not different in the exper-  
imental  and control  groups.  The  finding in lesioned animals  of  
a d e c r e a s e d  la tency  1o en t e r  the dark  c o m p a r t m e n t  24 hr  
a f te r  t ra in ing  was  the re fore  a t t r ibu tab le  to a r e t en t ion  deficit  
which  may be re la ted to a fai lure in m e m o r y  p rocesses ;  al- 
t e rna t ive ly ,  the re ten t ion  defici t  o b s e r v e d  in the  les ioned 
an imals  may  resul t  f rom a failure of  r e sponse  inhibi t ion.  

It is in te res t ing  to no te  that  the  pass ive  a v o i d a n c e  task has  
p rev ious ly  been  found  to be sens i t ive  to o the r  man ipu la t ions  
of  chol inerg ic  t r an smi s s i on  [3, 4, 5, 14, 22]. A large body  of  
pha rmaco log ica l  l i te ra ture  has  impl icated the cent ra l  

chol inerg ic  sys t em in cogni t ive  func t ion  in h u m a n s  and 
animals .  Cen t ra l  chol inerg ic  b lockade  with the  muscar in ic  
an tagon i s t s  a t rop ine  or  s copo lamine ,  or  wi th  ace ty lcho l ine  
syn thes i s  inh ib i tors  pyr ro lcho l ine  or  hemicho l in ium-3 ,  resul t  
in m e m o r y  defici ts  [4, 6, 7, 14, 23]. On the  o t h e r  hand ,  
cho l inomime t i c  drugs  admin i s t e r ed  to normal  sub jec t s  im- 
prove  per fo rmance  on  cogni t ive tasks and selectively reverse  
s copo l amine - induced  m e m o r y  defici ts  [1,11]. The  p resen t  
da ta  focuses  on the role p layed by the specif ic  chol inerg ic  n. 
basa l i s -cor t ica l  pa thway  in the  pass ive  avo idance  task.  The  
kainic ac id- induced  chol inerg ic  deficit  was  conf ined  to cort i-  
cal a reas  and  did not  include the h i p p o c a m p u s  and  s t r ia tum,  
two areas  previous ly  impl ica ted  in avo idance  learn ing  [15]. 

Pharmacolog ica l ,  b iochemica l  and  behav io ra l  s tudies  
c o n d u c t e d  in an imals  and  h u m a n s  suggest  tha t  impai red  
chol inerg ic  n e u r o t r a n m i s s i o n  is at least  par t ly  r e spons ib le  for 
the  cogni t ive  decl ine  o b s e r v e d  dur ing s e n e s c e n c e  [2, 12, 13, 
30]. The  ev idence  for  a chol inergic  defici t  is par t icular ly  
s t rong in S D A T  pa t ien ts  who  p resen t  marked  losses  in cog- 
ni t ive func t ions  [8]. Cogni t ive  dys func t ion  in S D A T  has  been  
cor re la ted  with marked  reduc t ions  (50-90%) in cor t ical  CAT 
act ivi ty  [28]. These  congi t ive  and  CAT defici ts  are also cor- 
re la ted with the  ex ten t  of  neur i t ic  p laques  and  neurof ibr i l l a ry  
tangles  tha t  his tological ly cha rac t e r i ze  S D A T  [27]. 

The  neu rochemica l  and  behav iora l  impa i rmen t s  induced  
by the kainic acid lesion suggest  tha t  a parallel  may  be  d rawn  
b e t w e e n  the  lesion effects  in the  rat and  two impor t an t  as- 
pects  of  S D A T  in h u m a n s ~ p r e s y n a p t i c  chol inergic  deficit and 
cognit ive impai rment .  This  lesion may be useful, therefore ,  in 
cons t ruc t i ng  an an imal  model  to s tudy  the  pa thophys io logy  
of  S D A T  and to deve lop  new s t ra tegies  for  the t r e a t m e n t  of  
the  disease .  
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