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NAKAMURA, S., Y. TANI, Y. MAEZONO, T. ISHIHARA AND T. OHNO. Learning deficits after unilateral 
AF64A lesions in the rat basal forebrain: Role of cholinergic and noncholinergic systems. PHARMACOL BIOCHEM 
BEHAV 42(1) 119-130, 1992.- Rats were given unilateral infusions of ethylcholine aziridinium ion (AF64A) into the basal 
forebrain (BF). BF-lesioned rats had significant acquisition and retention deficits in two different types of learning tasks 
(water maze and active avoidance). Choline acetyltransferase activity was lower than control in the frontal cortex but not in 
the hippocampus or striatum. AF64A markedly reduced the levels of norepinephrine, dopamine, and serotonin in all brain 
regions studied. However, L-glutamic acid decarboxylase activity was not altered by AF64A injection. Cholinergic agents 
(physostigmine and arecoline) ameliorated the AF64A-induced learning deficits in the water maze task but not in the active 
avoidance task. Noncholinergic agents (desipramine and L-dopa) ameliorated the AF64A-induced avoidance deficits in the 
active avoidance task but not in the water maze task. 5-Methoxy-N,N-dimethyltryptamine did not improve either active 
avoidance or water maze learning. These results suggest that intra-BF injection of AF64A produces extensive brain dysfunc- 
tion and that different neuronal systems are involved in associative and spatial learning. 

AF64A Active avoidance task Morris water maze task Basal forebrain Choline acetyltransferase 
L-glutamic acid decarboxylase Monoamine contents Cholinergic agents Noncholinergic agents 

SENILE dementia of the Alzheimer type (SDAT) is often 
characterized as cholinergic dysfunction in the basal forebrain 
(BF), including the nucleus basaiis magnoceUularis (NBM), 
which normally provides cholinergic input to the neocortex 
and amygdala, although noncholinergic neurochemicai vari- 
ables are also changed (7,8,17,26,48). Lesions of the rat BF 
cause not only a marked decrease in choline acetyltransferase 
(ChAT) activity in the cerebral cortex, but also learning defi- 
cits in the passive and active avoidance, T-maze, radial arm 
maze, and Morris water maze tasks (10,13,29,35,46). 

Because cholinergic hypofunction might contribute to 
memory loss in patients with SDAT, the effects of cholinergic 
drugs on learning in rats with BF lesions have been studied. 
Dokla and Thai (9) reported that acetylcholinesterase inhibi- 
tots improved performance in the Morris water maze in 
BF-lesioned rats. Furthermore, Miyamoto et al. (30) found 
that continuous subcutaneous administration of cholinergic 
drugs markedly improves acquisition and retention in rats 
with BF lesions. 

Excitotoxins such as ibotenate, kainate, or quisqualate 

have been used in neurochemical and behavioral studies of 
rats to lesion the BF. In contrast, ethylcholine aziridinium ion 
(AF64A) has also been used to damage cholinergic neurons in 
the brain (25), although there are only a few reports concern- 
ing BF lesions caused by AF64A. In a previous study, we 
observed that unilateral or bilateral infusion of a small dose 
(1 nm/side) of AF64A into the BF caused severe learning 
impairment and a marked decrease in ChAT activity in the 
cerebral cortex (34,35). Kozlowski and Arbogast (22) and 
McGurk et ai. (27) have shown that AF64A damages noncho- 
linergic neurons when administered into the rat BF at high 
doses. Nonetheless, there have been no detailed studies of 
both behavior and neurochemistry after intracerebral AF64A. 
Therefore, we studied the relationship between behavioral and 
neurochemical changes in rats with BF lesions caused by 
AF64A. 

We unilaterally lesioned the BF with AF64A and measured 
the acquisition and retention of two different learning tasks. 
We also measured neurochemical markers, that is, ChAT and 
glutamic acid decarboxylase (GAD) activities, and mono- 

i Requests for reprints should be addressed to S. Nakamura, Ph.D., Laboratory of Experimental Pharmacology, Suntory Institute for 
Biomedical Research, 1-1-1, Wakayamadai, Shimamoto-Cho, Mishima-Gun, Osaka 618, Japan. 
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amine contents, and examined the effects of  cholinergic and 
noncholinergic drugs on learning deficits in BF-lesioned rats. 

METHOD 

Subjects 

A total of 258 male Fischer 344 rats (Charles River, Japan 
Breeding Laboratories) were used (body weight 280-310 g). 
Rats were housed in a climate-controlled room (room temper- 
ature 23 + l °C  and humidity 55 + 5%) with food and water 
available ad lib. Fifty-nine rats were used for behavioral tests 
to assess the effect of BF lesion by AF64A. After completion 
of  behavioral testing, the same rats were used for neurochemi- 
cal and histological analysis. The remaining 199 rats were used 
for pharmacological effects on the lesion-induced behavioral 
deficits. 

Surgery 

Rats were anesthetized with sodium pentobarbital (40 mg/  
kg, IP). To make a unilateral lesion in the BF, a cannula was 
stereotaxically inserted into the right side of  the BF (1.0 mm 

posterior to the bregma, 2.6 mm lateral to the midline, 7.9 
mm ventral to the surface of  the skull) according to the coordi- 
nates in the atlas of  Paxinos and Watson (38). The cannula 
was connected with a polyethylene tube to a 10-/A Hamilton 
microsyringe. The AF64A solution (1/A) or saline was injected 
into the BF (1 nm/#l) at the rate of  about 0.5 tA/min. The 
cannula was removed 3 min after completing injection. The 
AF64A solution was prepared as described by Fisher et al. 
(12). 

Drugs 

The following drugs were used: acetylcholinesterase inhibi- 
tors; physostigmine salicylate (PHY; 0.1 and 0.2 mg/kg,  IP, 
Sigma Chemical Co., St. Louis, MO), muscarinic agonists; 
arecoline hydrobromide (ARE; 0.5 and 1.0 mg/kg,  IP, 
Sigma), selective norepinephrine (NE) uptake inhibitor; desi- 
pramine hydrochloride (DMI; 7.5 mg/kg,  IP, Sigma), precur- 
sor of  dopamine (DA); L-dopa (10 and 20 mg/kg,  IP, Sigma); 
and serotonin 5-hydroxytryptamine-la (5-HTnA) agonist 5- 
methoxy-N,N-dimethyltryptamine (5-methoxy DMT; 0.025 
and 0.05 mg/kg,  IP, Sigma). PHY, ARE, DMI, L-dopa, and 
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FIG. 1. Schematic drawings of the unilateral lesion of the BF according to the atlas of 
Paxinos and Watson (38). CPu, caudate putamen; GP, globus pallidus; VP, ventral pallidum; 
SI, substantia innominata; B, nucleus basalis of Meynert. (11), minimum lesion area; (D), 
maximum lesion area. 
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FIG. 2. Acquisition and retention of active avoidance response and Morris water maze learning in 
BF-lesioned rats. (A) Acquisition of the active avoidance response: ( - -O-- ) ,  saline (n = 11); (--O--), 
AF64A (n = 10). (B) Retention of the active avoidance response: ( - -O-- ) ,  saline (n = 7); (--O--), 
AF64A (n = 6). (C) Acquisition of the Morris water maze learning: ( - -O- - ) ,  saline (n = 7); (--O--), 
AF64A (n = 6). (D) Rentention of the Morris water maze learning: ( - -O-- ) ,  saline (n = 6); (--O--), 
AF64A (n = 6). *p < 0.05, **p < 0.01 compared with the saline control group (Tukey's test). 

121 

5-methoxy D M T  have reportedly been shown to improve the 
hemicholinium- or scopolamine-induced amnesia that were 
studied in spatial discrimination learning or radial arm maze 
learning (15,19). We preliminarily examined the same doses in 
the present study. However ,  we could not find the marked 
efficacies at these doses; therefore,  we used the larger doses. 

PHY,  A R E ,  and DMI were dissolved in saline and L-dopa 
was suspended in 1 070 gum arabic. 5-Methoxy D M T  was dis- 
solved in 1070 alcohol.  Drugs (1 ml /kg ,  IP) were administered 
20 rain prior to each training session once a day for 5 days. 
Experiments began 1 week after the BF lesion. 

Active Avoidance Task 

The active avoidance task has been previously described 
(33). In brief, the apparatus used consisted o f  a shuttle box 
(66 x 25 x 30 cm) with two identical compartments  sepa- 
rated by a stainless steel plate (4 cm in height, Biomedica,  
Japan).  A buzzer (2.8 kHz,  70 dB) at tached to the ceiling o f  
the shuttle box was turned on for 5 s as the condit ioned stimu- 
lus (CS). I f  the rat crossed over the hurdle into the other  
compar tment  during the CS or within 5 s after it, an avoidance 
response was recorded. Otherwise, a foot-shock (1.0 mA,  

maximum 5 s) was delivered through the grid f loor as the 
uncondit ioned stimulus. Each rat was given 20 trials dally for 
5 days with a fixed intertrial interval of  20 s. 

We followed the criterion that rats that avoided the CS in 
at least 16 of  20 trials in the sixth training session were used 
to make it easier to measure retention o f  the active avoidance 
response. However ,  all rats examined satisfied this criterion. 
Experiments began 1 week after BF lesion. 

Morris Water Maze 

Apparatus. The apparatus was a circular water tank 132 
cm in diameter and 60 cm deep that was manufactured strictly 
according to Morris (31). The interior surface o f  the tank was 
covered with white tape. During the experiment,  the tank was 
filled to a height o f  42 cm with water (23 + 1 °C) that was 
clouded with 0.8 kg o f  powdered milk. A colorless acrylic 
p la t form (9 cm in diameter) was used for training and its top 
was submerged 1-2 cm below the water surface in the center 
o f  one o f  the four quadrants of  the maze. The tank was lo- 
cated in a large room with many extramaze cues (an experi- 
menter,  ceiling lights, animals cages, a calendar, etc.). The 
positions o f  the extramaze cues were constant throughout  the 
experiment.  The movement  of  the animal in the tank was 
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monitored with a video tracking system (VIOS-88, Biomedica, 
Japan) and analyzed with a computer  (PC-9801, NEC,  
Japan). 

Protocol. On the first day, each rat was placed into the 
Morris water maze without escape pla t form and allowed to 
swim for 60 s. The animal was then returned to its home cage. 
Maze training began on the next day. In each trial, the rat 
was put into the water f rom one o f  four  starting points (north, 
east, south, and west) on the edge o f  the tank. The starting 
point was changed in each trial but the escape plat form was 
fixed. In each trial, the t ime required to escape onto the hid- 
den plat form was recorded. I f  the rat  found the platform,  it 
was allowed to remain there for 10 s. If  it did not  find the 
pla t form within 120 s, the trial was terminated and the experi- 
menter placed the rat onto  the pla t form and allowed it to stay 
there for 10 s. Rats were trained for 4 consecutive clays with 
four trials each day and 60-s intertrial intervals. 

We followed the criterion that rats that escaped within 20 s 
on day 4 were used to make it easier to measure the retention 
of  the water maze performance.  However, all rats examined 
satisfied this criterion. 

After  the final training session, a single transfer test was 
conducted. The escape pla t form was removed and each rat 
was allowed to swim for 60 s in the maze. The number  o f  
times the rat crossed the annulus where the p la t form had been 
located was recorded. Experiments began 1 week after BF 
lesion. 

Neurochemical Analysis 

Rats were decapitated, brains were rapidly excised, and the 
following brain regions were dissected out  according to the 
method of  Glowinski and Iversen (16): frontal  cortex (FC), 
hippocampus (HC), and striatum (ST). Tissue samples were 
stored at - 80°C until assay. 

C h A T  activity was assayed by the method of  Fonnum (14). 
In brief, tissue samples were homogenized in 20 vol ice-cold 
10 mM E D T A  (pH 7.4) containing 0.5% Tri ton X-100. The 
reaction mixture contained 20 ttM [J4C]acetyl coenzyme A 
(acetyl CoA;  45.1 m C i / m m o l ,  New England Nuclear Corp. ,  
Newton,  MA),  25 mM sodium phosphate buffer (pH 7.4), 600 
mM sodium chloride, 40 mM EDTA,  100/zM PHY,  8 mM 
choline bromide,  200 pM acetyl CoA,  and the tissue homoge- 
nate (about 70 tLg protein) in a total volume of  100 #1. The 
sample was incubated for 30 min at 37°C and then washed 
with 5 ml sodium phosphate buffer.  Radioactivity was coun- 
ted with a liquid scintillation counter,  

G A D  activity was assayed by the method of  Kimura and 
Kuriyama (21). In brief tissue samples were homogenized in 
20 vol nitrogen-gassed distilled water. The reaction mixture 
contained 20/zM [l-ldC]glutamic acid (52.6 m C i / m m o l ,  New 
England Nuclear Corp.) ,  10 mM L-glutamic acid, 10/tM pyri- 
doxal phosphate,  2 mM aminoethylisothiouronium bromide,  
40 mM potassium phosphate buffer  (pH 6.4), and the tissue 
homogenate  in a total volume of  70 pl. The incubation vessel 
was capped with a glass stopper containing a folded piece of  
filter paper immersed in 0.1 ml hydroxide of  hyamine base to 
absorb the [14CO2] evolved from L-[l-14C]glutamic acid. After  
exposure to purified nitrogen gas, the vessel was incubated 
for 60 min at 37°C. After  terminating the reaction by injecting 
50/~1 5 N H2SO4, the vessel was incubated for an additional 
60 min. Radioactivity was counted with a liquid scintillation 
counter.  Protein was determined by the method of  Smith et 
al. (42). 

Biogenic amines were measured by the method of  Tani and 
Ishihara (43). In brief, the chromatographic system used to 
measure the biogenic amines consisted o f  an electrochemical 
detector (LC-4B, Bioanalytical System, Stockholm) with a 
glossy carbon electrode coupled to a Bio phase II ODS analyti- 
cal column maintained at a constant temperature o f  35 °C with 

T A B L E  1 

EFFECT OF UNILATERAL BF LESION CAUSED BY AF64A ON MONOAMINE CONTENTS IN RAT BRAIN 

~70 Control 

Frontal Cortex Hippocampus Striatum 

Region Saline Lesion Saline Lesion Saline Lesion 

NE 
Ipsilateral 

Contralateral 

DA 
Ipsilateral 

Contralateral 

5-HT 
Ipsilateral 

Contralateral 

100 ± 7.0 37.4 ± 4.9* 100 ± 1.6 36.0 ± 2.5* 100 ± 5.0 42.0 ± 3.6* 
(163.3 ± 11.5) (238.2 ± 3.8) (28.1 ± 1.4) 

100 ± 5.2 76.4 ± 9.0 100 ± 3.3 95.0 ± 3.1 100 ± 6.1 114.7 ± 8.6 
(147.0 ± 7.7) (205.4 ± 6.7) (36.1 ± 2.2) 

100 ± 8.5 34.8 ± 6.9* 100 ± 12.9 38.7 ± 9.7* 100 ± 3.6 39.6 ± 8.2* 
(61.2 ± 5.2) (6.2 ± 0.8) (5710.9 ± 5.3) 

100 ± 6.8 77.2 ± 16.3 100 ± 5.8 80.8 ± 5.8 100 :t: 11.6 93.3 ± 2.5 
(76.7 ± 5.2) (5.2 ± 0.3) (5404.9 ± 62.7) 

100 + 5.7 24.8 ± 3 .8*  100 =l= 9.7 38.4 ± 8.6* 100 + 2.8 18.5 ± 2 .3*  

(275.4 ± 15.7) (263.2 ± 25.6) (217.2 ± 6.1) 
100 ± 8.7 74.8 ± 11.2 I00 ± 6.0 72.5 ± 8.3 100 ± 9.7 93.6 ± 9.7 

(226.9 ± 19.8) (239.5 ± 14.4) (229.8 ± 22.4) 

Each value is a mean + SEM. Numbers in parentheses are the absolute value (ng/g tissue weight). 
*p < 0.01 compared to the saline group. 
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FIG. 3. Effect of unilateral BF lesions caused by AF64A on ChAT and GAD activity in rat brains. (A,B) ChAT activity: (Fq), 
saline (n = 11); ([~), AF64A (n = 9). (C,D) GAD activity: ([:]), saline (n = 5); ([]), AF64A (n = 8). (A,C) Ipsilaterai side. 
(B,D) Contralateral side. *p < 0.01 compared to the saline control. 

a BAS (LC-22A) column heater. The detector was operated at 
a potential of 750 mV vs. AG/AgC1. The mobile phase con- 
sisted of 0.6% v/v triethylamine, 8 °70 v/v acetonitrile, 0.1 mM 
EDTA. 2Na, and 10 mM heptane-sulphonate. Na. pH was ad- 
justed to 2.7 with orthophosphoric acid. Brain levels of the 
biogenic amines (NE, dopamine, and serotonin) were quanti- 
fied by calculating the areas under the curves using an integra- 
tor (C-R4AX, Shimadzu, Japan). The neurochemical parame- 
ters were assayed 2 weeks after BF lesion. 

Histology 

Rats were anesthetized with pentobarbitai sodium (40 mg/ 
kg, IP) and then brains were perfused with saline and 10% 
formalin in 0.1 M phosphate buffer (PB, pH 7.4). Thereafter, 
brains were excised and immersed in PB containing 30°70 su- 
crose for 48-72 h at 4°C. Sections were cut 20-30 /~m in 
thickness and stained with Cresyl violet. The location and 
extent of the lesion were verified. 

Statistics 

Analysis of variance (ANOVA) followed by the Tukey 
multiple-range test was used for the data obtained in the be- 
havioral tests. The data from the biochemical studies were 
analyzed by Student's t-test. 

RESULTS 

Histology 

The lesion site of the BF is shown schematically in Fig. 1. 
AF64A lesion of the BF involved the substantia innominate, 
medial forebrain bundle, ventral pallidum, and globus pal- 
lidus. 

Effects o f  BF Lesion on Behavior and 
Neurochemical Markers 

Active avoidance task. 
Acquisition. The mean avoidance response (MAR), measured 
with the shuttle box, increased with training in both groups, 
but the MAR in the BF-lesioned group was lower than that in 
the control group on all 5 days (Fig. IA). There was a signifi- 
cant group effect, F(1, 19) = 72.2,p < 0.01. 
Retention. Figure 1B shows the effect of the unilateral BF 
lesion on the retention of the active avoidance task. There was 
a significant group effect, F(1, 11) = 59.1,p < 0.01. Tukey's 
test indicated that MAR in the BF-lesioned group was lower 
than that in the control group. 

Morris water maze. 
Acquisition. The mean escape latency (MEL) decreased with 
training in the control group. In BF-lesioned rats, MEL 
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FIG. 4, Effect of physostigmine on the active avoidance and water maze performance in BF-lesioned rats. (A) Acquisition 
test for the water maze task. Each point represents a mean latency to escape onto the hidden platform. (B) Transfer test. 
The number of times the rat crossed the annulus where the platform had been during training. (C) Acquisition test for the 
active avoidance task. Each point represents a mean avoidance response. **p < 0.01 compared with the lesioned control. 

remained long throughout the experiment. The difference 
in MEL between the two groups was statistically significant, 
F(I,  11) = 53.3,p < 0.01 (Fig. IC). 
Retention. The BF lesion caused an increase in MEL as shown 
in Fig. 1D. There was a significant group effect, F(1, 10) 
= 33.6, p < 0.01. Tukey's test indicated that the MEL in 
the BF-lesioned group was longer than that in the control 
group. 

ChA Tactivity. ChAT activity in BF-lesioned rats was 40070 
lower only in the ipsilateral FC as compared with that in the 
ipsilateral FC of the sham-operated control rats, but was un- 
changed in the HC and ST (Fig. 2A). In contrast, ChAT activ- 
ity on the contralateral side was unchanged in all regions 
tested (Fig. 2B). 

GAD activity. As shown in Figs. 2C and D, the unilateral 

BF lesions caused no significant change in the GAD activity 
in any of the brain regions tested. 

Biogenic amines. The amounts of biogenic amines (nor- 
adrenaline (NA), DA, 5-HT) are summarized in Table 1. The 
contents of NA, DA, and 5-HT in the ipsilateral FC of BF-les- 
ioned rats were significantly lower than in the control group: 
37, 35, and 25070, respectively. Similar changes were observed 
in the HC and ST. In contrast, the amounts of biogenic 
amines on the contralateral side were slightly but not signifi- 
cantly lower than control. 

Effects o f  Cholinergic and Noncholinergic Drugs on 
Learning Deficits in BF-Lesioned Rats 

Cholinergic drugs. The effects of PHY and ARE on the 
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acquisition deficits in BF-lesioned rats were evaluated using 
the water maze and active avoidance tasks. The MEL in the 
PHY- and ARE-treated groups decreased with training, but 
MEL in the nontreated BF-lesioned group did not change. 
Significant effects were observed on days 3 and 4 in the group 
treated with the lower dose of PHY (0.1 mg/kg) and on days 
2, 3, and 4 in the group treated with the lower dose of ARE 
(0.5 mg/kg; Figs. 3A and 4A). However, the higher doses of 
PHY (0.2 mg/kg) and ARE (1 mg/kg) had no significant 
effects. The number of times the rat crossed the annulus in 
the platform quadrant was slightly but not significantly higher 
in both the PHY- and ARE-treated groups (Figs. 3 and 4B). 

In the active avoidance test, the learning deficits in BF-lesi- 
oned rats were not alleviated by treatment with PHY (0.1 
mg/kg) or ARE (0.5 mg/kg), even though these doses were 
effective in the Morris water task (Figs. 3C and 4C). 

Noncholinergic drugs. Figures 5-7 show the effects of non- 
cholinergic drugs on learning deficits in the active avoidance 
and water maze tasks in rats with unilateral lesions of the BF. 
DMI 7.5 mg/kg significantly increased MAR on days 3, 4, 
and 5, while saline treatment had no effect on MAR. The 
avoidance response in the DMI-treated group was significantly 
different from that in the lesioned control group on days 3 
and 4 after the higher dose of L-dopa (20 mg/kg). However, 
5-methoxy DMT did not affect the avoidance deficit at the 
doses tested (0.025 and 0.05 mg/kg, IP) (Fig. 8). 

In the Morris water maze test, the learning deficits in 
BF-lesioned rats were not affected by DMI (7.5 mg/kg) or 
L-dopa (20 mg/kg), although these drugs were effective in the 
active avoidance tests. 5-Methoxy DMT (0.025 and 0.05 mg/ 
kg) had less effect on performance in the water maze than it 
had on avoidance. 
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FIG. 6. Effect of DMI on the active avoidance and water maze learning in NBM-lesioned rats. (A,B,C) See the legend for 
Fig. 3. *p < 0.05 compared with the lesioned control. 

DISCUSSION 

Unilateral infusion of AF64A into the BF significantly de- 
creased ChAT activity only in the ipsilateral FC, and did not 
cause changes in the enzyme activity in the HC and ST. This 
cholinergic dysfunction was associated with severe impairment 
in acquisition and retention of both the active avoidance and 
Morris water maze tasks (Fig. 2). Disruptions of cholincrgic 
markers and of learning have also been observed in animals 
whose nucleus basalis was damaged by excitotoxins or elec- 
trolysis (2,13,23,28,44). However, the degree of these deficits 
varied depending on the methods used to lesion the BF. Wenk 
et al. showed that the behavioral deficit caused by an 
ibotenate-induced BF lesion is more severe than that caused 
by a quisqualate lesion, although the quisqualate lesion results 
in a more marked decrease in cortical ChAT activity (47). In 

addition, Dunnett et al. reported that ibotenate and quisqua- 
late lesions had different effects on the place navigation task 
(11). Furthermore, Robbins et al. (40) and Riekkincn ct al. 
(39) demonstrated that the NBM cortical cholinergic system is 
not significantly involved in spatial navigation. It is possible 
that AF64A-induced behavioral deficits result from damage 
to some other neurochemical system. 

The present data show that injection of AF64A into the 
unilateral BF has deleterious effects on noncholinergic mark- 
ers. There were marked decreases in levels of NE, DA, and 
5-HT in all brain regions tested in rats with BF lesions. Simi- 
larly, Tilson et al. (44) reported that bilateral injection of 2.5 
#g colchicine into the BF significantly decreases levels of NE, 
DA, and 5-HT in the FC but not in the HC or ST. Further- 
more, Araki et al. (2) demonstrated that electrolysis of the 
posterior BF decreases the levels of NE, DA, and 5-HT in the 
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occipital cortex, HC, and ST. Lerer et al. (24) also reported 
that kainic acid lesions of  the BF decrease the 5-HT level in 
the FC. 

In the present study, GAD activity was not affected by 
AF64A. This result is compatible with those reported by La- 
Marca and Fibiger (23) and by McKinney and Coyle (28). 
Therefore, it is very likely that intra-BF injection of  AF64A 
causes extensive brain dysfunction by damaging both choliner- 
gic and monoaminergic systems and that AF64A-induced be- 
havioral deficits are produced as a result of  these neuronal 
losses. Histological analysis also indicated that the areas dam- 
aged by AF64A spread, centering around the NBM. 

The unilateral BF lesion caused by AF64A significantly 
impaired the acquisition and retention of  both associative and 
spatial learning tasks in the present study. Previously, we re- 
ported that behavioral recovery in rats with unilateral BF le- 
sions varied with the task. Specifically, the impairing effect 

on active avoidance almost vanished within 4 or 5 weeks after 
BF lesion, but that on the Morris water maze task persisted 
for more than 19 weeks (34). This difference may be due to a 
difference in the neuronal systems involved in these two mem- 
ory tasks. 

The deficit in acquisition of the Morris water maze task 
was ameliorated both by a cholinesterase inhibitor (PHY) and 
a muscarinic agonist (ARE). 

On the contrary, the deficit in acquisition of the active 
avoidance task was not affected by the cholinergic drugs at 
doses effective in the Morris water maze task. Dokla and Thai 
(9) and Murray and Fibiger (32) demonstrated that some cho- 
linesterase inhibitors attenuated the BF lesion-induced impair- 
ment in the acquisition of  water maze and radial maze tasks. 
Hagan et al. (19) reported that HC-3-induced spatial discrimi- 
nation learning deficits were reversed by cholinergic drugs. 
Therefore, cholinergic drugs may stimulate the hippocampal 
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cholinergic system, which is centrally involved in spatial learn- 
ing. However, Miyamoto et al. (30) demonstrated that a con- 
tinuous subcutaneous infusion of  PHY or oxotremorine com- 
pletely reversed the learning deficits in both the water maze 
and active avoidance tasks in BF-lesioned rats. In the present 
study, however, cholinergic drugs improved the performance 
in the water maze learning task but not in the active avoidance 
learning task in rats with BF lesions. This discrepancy may be 
due to differences in the mode of  drug administration and in 
the learning tasks used. In the study reported by Miyamoto et 
al. (30), the same animals sequentially performed three types 
of learning tasks (passive avoidance, active avoidance, and 
water maze), but in the present study different rats were given 
two different learning tasks (active avoidance and water 
maze). 

DMI, a selective NE uptake inhibitor, and L-dopa, a pre- 
cursor of  DA, did not affect the impairment in Morris water 
maze learning, although these agents did ameliorate the deficit 
in active avoidance learning in BF-lesioned rats. Ogren et al. 
(36) demonstrated that desipramine reverses the active avoid- 
ance learning deficit produced by DSP-4, an NE depictor. In 
addition, 5-methoxy DMT, a 5-HT~^ agonist (41), also did 
not affect the learning deficit in either the active avoidance or 
the Morris water maze task. 

On the contrary, central catecholamine depletion due to 
local brain lesions caused by administration of  6-hydroxydo- 
pamine or peripheral DSP-4 do not impair water and radial 
arm maze learning in rats (4,6,18,20). However, the data re- 
garding central 5-HT depletion produced by p-chloroamphet- 
amine are contradictory. This drug has been reported to facili- 
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tare (1) and  impai r  (3) complex spat ia l  d i scr imina t ion  learning 
and  to enhance  (45) and  have no  effect  (5,37) on  avoidance  
behavior .  

The  results o f  the  present  s tudy indicate  t ha t  ra ts  with  le- 
sions in the  BF caused by  A F 6 4 A  develop severe spat ial  and  
associative m e m o r y  impa i rments ,  and  suggest tha t  these defi- 
cits result  f rom damage  to b o t h  cholinergic  and  nonchol iner -  
gic neu rona l  systems. The  present  pharmacolog ica l  f indings 
s trongly suppor t  the  no t ion  tha t  diverse b ra in  neu rona l  sys- 

tems are involved in associative and  spatial  learning.  There-  
fore,  it is suggested tha t  cortical and  subcor t ical  m o n o a m i n e  
levels in addi t ion  to acetylchol ine/chol ine  levels should  be as- 
sessed af ter  all pu rpor t ed  lesions o f  the NBM.  
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