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‘The performance of rats on the conditioned blocking test of learned inattention was measured in a two-way shuttle avoidance task
after sham and dopaminc (DA)-depleting lesions of the frontal cortex, septum and ventral tegmental area (VTA). Animals were
trained on two sessions with tonc and/or light as conditioned stimuli. One group was trained with both stimuli on both sessions. A sec-

roup was trained on the first session with one stimulus and on the second with both stimuli. The blocking of conditioning to the
added stimulus (b) was tested by presenting the stimuli (a and b) separately and measuring the blocking ratio (avoidance to b/a + b)
and response latencies. No deficits were recorded on tests of sensory and motor ability. The VTA group alone showed a hyperlocomo-
for response to apomorphine treatment and did not acquire the avoidance response. The appearance of blocking in the septal group
was delayed until the end of the test session. Blocking was mildly attenuated in the frontal group. DA levels were depleted by about
80% and noradrenaline (NA) levels by, respectively, 20 and 50% in frontal and septal areas. This suggests that the level of DA activity
or the balance between the activity of DA and NA in frontal and limbic regions can contribute to efficient associative conditioning
and/or the normal ability of rats nof to attend 1o a redundant stimulus.

INTRODUCTION tion with 6-hydroxydopamine (6-OHDA) in the fron-
tal cortex, septum and VTA to investigate the contri-
In animals as diverse as rodents and primates da- bution of mesolimbic and mesocortical DA activity to

mage to the septum and frontal cortex is associated
(inter aha) with impairments of selective information

selective information processing.
Conditioned blocking belongs to a group of

. Depletion of dop
(DA) a malor neuroregulator in these areas largely
found in terminals of neurons that project from the
ventral tegmental area (VTA)”, affects both learn-
ing?? and adjunctive behavior (e.g. schedul
duced licking or drinking)®®676?, But specific tests
for a selective attention deficit after DA depletion
have not been used, except in studies of the basal
ganglial®”7, Therefore we used one of these tests,
conditioned blocking performance, after DA deple-

‘learned i * tasks where performance has
been claimed to reflect the function of selective at-
tention mechanisms**!. If an animal is trained to re-
spond to the simultaneous presentation of two stimuli
from the start of conditioning, it will respond to the
presentation of either stimulus alone at the end of
conditioning. In a blocking task if one stimulus (c.g, a
light) predicts reinforcement (e.g. a footshock) and
has started to control response (e.g. avoidance), then
when a second stimulus is presented along with the

* Some of these results were communicated in preliminary form at the E.B.B.S.-S.F.E.C.A. workshop, Strasbourg, 1985 and the

Australian Neuroscience Meeting, Perth, 1986.
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first after the start of training (e.g. tone and light),
even if it is perfectly correlated with reinforcement,
the second stimulus will not become associated with
reinforcement. In this example an animal tested with
the tone alone will tend not to show an avoidance re-
sponse. That is to say the association between tone
and footshock has been *blocked’. An attenuation of
blocking (conditioning to the second stimulus) is op-
erationally called an impairment of attention.

Impaired performance on tasks of learned inatten-
tion has been reported after non-specific damage and
electrical stimulation of the septum and hippocam-
push124357-39.6672 (contrast ref. 21). Evidence from
pharmacological interventions suggests that these
impairments may arise from interference with the in-
nervation of these or related areas by biogenic
amines such as acetylcholine*>”, serotonin™S and
possibly noradrenaline (for refs. 14, 39, 40; against
refs. 2, 19, 80). Treatments that release DA or in-
duce DA supersensitivity are also claimed to impair
performance on such tasks'> 737655, But the only area
studied postmortem for changes of DA activity was
the n. accumbens. Up to now an attentional impair-
ment as a result of abnormal activity in the mesofron-
tal or mesoseptal DA system has only been inferred
from performance on alternation tasks®®, holeboard
learning®** and increases of behavior collateral to
task performance (e.g. rearing and turning)*.

MATERIALS AND METHODS

Data from 40 male Spraguc—Dawley rats (260—
320 g) divided between 4 treatment and two learning
conditions are considered. Animals were housed in-
dividually in a climate-controlled room on a 12-h light—
dark cycle (22 °C, 08.00-20.00 h light) with food and
water ad libitum. All animals were weighed and
handied daily.

Treatment

‘Two weeks prior to training each rat received a bi-
lateral infusion of 6-OHDA (1 xl containing 4 g, cal-
culated as base) or its vehicle (0.2 mg/ml ascorbic
acid/saline solution) under chloral hydrate anesthe-
sia (4%, 10 ml/kg) over 4 min to the VTA {(toothbar
+5 mm: 3.2 mm posterior to the bregma, 0.5 lateral
to the sinus, 8.8 ventral from the skull), septum (L5
A,0.7L, 5.8 V) and frontal cortex (3.3and 3.8 A, 0.5
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L, 4.0 V). The 30-gauge cannulas were left in place
after infusion. Animals were pretreated with 20
mg/kg desmethylimipramine (Pertofran, Ciba-Gei-
8y) to protect noradrenergic (NA) terminals.

After 30 days animals were decapitated, the brains
were dissected rapidly on ice and the samples stored
at-87 °C. On dissection, coronal slices were taken at
1-2 mm?* corresponding to Konig-Klippel coordi-
nates 11,050-10,300 (frontal cortex, F), 10,300—
8,380 (n. accumbens, Acc) and 8380-6300 (neostria-
tum, STR and septum, S). Samples from each side of
the brain were analyzed by high-performance liquid

h (HPLC) (Perkin-Elmer, 5-u C-18
reverse phase) with glassy carbon electrochemical
detection (Bioanalytical Systems, LC4B, 720 mV).
After sonication and alumina separation samples
were run in 0.1 M phosphate buffer (pH 4) at 3200 psi
and 1 ml/min. Quantification was non-linear below
20 pg. Animals with less than 50% bilateral or with
unilateral DA depletion were eliminated from the
analysis of data.

Testing apparatus

Locomotor activity was measured in a circular cor-
tidor 12 em wide and 170 cm long, equipped with 4
photocell beams, and counts were recorded automa-
tically from a print-out counter located outside the
testing room™.

Two-way active avoidance conditioning took place
in a metal shuttle box (Campden, 49 x 21 X 20 cm)
with a 2-cm electrified hurdle in the middle and floor
bars (1.5 cm apart) that could be electrified by a
scrambled 1.0-mA AC current. A light stimulus (60
lux) was located on each side and a loudspeaker for
the delivery of the sound stimulus (900 Hz, 86 dB) on
one side. Two such boxes were placed in neighboring
air conditioned chambers (constant 66-dB white
noise) in a sound-attenuated room. The program for
delivery of the conditioned stimuli (CS) (max. dura-
tion 10 s followed by unconditioned stimulus (US),
max. 15s) was controlled by a PDP 8 Digital comput-
er. Stimuli were switched off by avoidance (5 s) or es-
cape responses which were automatically recorded.
Interstimulus intervals varied randomly in 15-s steps
from 15 t0 90 s (mean 30's).

Tests for sound and shock sensitivity were con-
ducted in the shuttle box and the response to strong-
light illumination in a box with two compartments (25
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X 23 X 40 cm) connected by an 8 X 8 cm opening with
2150 W bulb 35 cm over one side*!”. Three tests for
akinesia were conducted on an open bench (latency
to remove forepaws from a 3-cm block; latency to ro-
tate on a 60° inclined grid; latency to move 4 paws af-
ter release from cupped hands'®2!).

Training and testing
The 3 tests for akinesia were performed immedia-
tely prior to operation and again just before the start
of postoperative conditioning. Measures of latency
were taken for each test with a minimum of 2 min be-
tween each trial. The median value for each test was
taken for analysis. On the postoperative test two
VTA animals with latencies consistently longer by a
factor of 10 were eliminated and not tested further.
Tests for sensitivity to the US and CS were per-
formed the day after tests for conditioning (postoper-
ative day 19 or 24, depending on initial weight gains).
Average thresholds for flinch, jump and vocalization
responses were determined on ascending and de-
scending series of 8 current intensities (0.05-1.0
mA) presented to the animal confined to one side of
the shuttle box'!. Sensitivity to sound was measured
in the shuttle box by presenting 4 trials each at 6 lev-
els of sound intensity (86, 83,79, 72, 68 dB) in 3 de-
ing/ ing series of i Only the
usual CS intensity was reinforced. The latency of
avoidance, escape, or in the case of non-conditioned

TABLE 1

Summary: behavioural training and testing (conditioned blocking)

Stage 1
Day1 Day2 Day3
Blocking  Explore/ csa Csa
group habituation 100 trials 100 trials
reinforced reinforced or
to criterion
Control Explore/ Exploreand  » Explore and
group habituation habituation habituation

VTA animals, behavioral responses (e.g. look up,
move, rear) were recorded. Responsivencss to light
was recorded in terms of the latency to escape from
and return to the light compartment of the two-cham-
ber box in which the animal had been carefully placed
facing away from the entrance to the dark side. Sepa-
rate measures for entry latencies with two and 4 paws
were taken.

The conditioning procedure, modified after Crid-
er's, lasted 6 days starting on postoperative day 12 or
17 (depending on weight) (Table ). Animals were
brought to the test room each day in their home cage.
Two animals were tested at the same time. The one
would be given the blocking procedure, the other
would be a learning control. On day 1 of the proce-
dure both animals were given 1.5-h exploration expe-
rience of the shuttle box without CS or US. On days 2
and 3 one animal started training with the single CS
<2 whilst the other continued with free exploration of
the box. Both received training with the compound
CS ‘ab’ (light and tone) on days 4 and 5. The learning
criterion was 8/10 avoidances on 3 successive blocks
of 10 trials. On attaining criterion the session would
be terminated to avoid the effects of overtraining.
The progress of a session was monitored outside the
test room on the computer printout. There was a
maximum of 100 trials/day and a minimum of 100 tri-
als in 2 days. On day 6 the blocking test followed an
initial session of 20 reminder trials. The test consisted

Stage 2 Stage3

Day4 Day$s Day6

CSab CS ab ab

100 trials 100 trials 20 trials reinforced

reinforcedor  reinforced or then

to criterion to criterion Csa

(min 50) (min 50) 20 trials
non-reinforced
Csb
20 trials
non-reinforced

: csab csab
100 trials 100 trials 12 trials reinforced
reinforced reinforcedor  sequence: a,b,
to criterion a,ab,b,a,b,ab

(min 50)



of 20 non-reinforced presentations of each stimulus
i ions of

alone, i with
the compound CS (e.g. a,b, a, ab, b, a, b, ab, a).

Biochemical data were analyzed with Student’s ¢-
test. Behavioral data were subjected to analysis of
variance for related samples (e.g. pre- and postoper-
ative tests; Friedman) or for independent samples
(e.g. conditioned blocking; Kruskal-Wallis) before
post hoc paired testing (Mann-Whitney), unless
otherwise stated.

RESULTS

Animals were not tested until they had regained
their preoperative weight. There was a 12- or 17-day
recovery period as some animals with VTA lesions
were slow to regain weight.

Motor tests

The latencies of response on the 3 tests of akinesia
for animals that continued with the conditioning pro-
cedure (n = 10 per group) are shown in Table II.
Taking into account preoperative response latencies
there were no consistent differences between the
groups across tests (df = 7, 2 = 11, P0.1> 0.2).

Stimulus sensitivity

There were no consistent differences between
groups across the current thresholds that elicited vo-
calization, jump or flinch responses (c.g. flinch;
mean current threshold + S.E.M.: C, 0.28 + 0.08;
VTA, 0.33 £0.07; S, 0.24 + 0.03; and F, 0.24 + 0.05
mA).

Avoidances, or behavioral responses in the VTA

TABLE Il

TABLE 1l

Mean latency (s) to exit and rewurn to an illuminated chamber
S.E.M.)

(+S.EM.

Four lesion groups; C, sham control; VTA, ventral tegmental
area; S, septum; F, frontal cortex. See text for further details.

Group
e
c VIA N F

Exit 168447 42.5+93

Retrn 372461 31.0+88 65.6+27.9* 39.5+ 16.8

* Includes one example at maximu latency (recording period
3005).

group (e.g. stop and look), were recorded at the low-
est sound sensitivity of 68 dB (white noise 66 dB) for
all animals except one from the VTA group, one sep-
tal and two sham-control animals. Further analysis of
response latencies revealed no consistent differences
between groups. A measure of the reactivity to light
was provided by the latencics to leave and return to a
brightly illuminated chamber (Table TII), recorded
after avoidance conditioning. Neither an analysis for
the 4 lesion groups (;2 = 5.4) nor one taking into ac-
count the different conditioning experience (df = 7,
# = 2.6) showed there to be any intergroup differ-
ences.

Learning

No animal with VTA damage acquired a condi-
tioned avoidance. Several animals in this group
showed but one avoidance response in 200 trials.
There were no significant differences in the rate of
avoidance acquisition between animals with sham,

Akinesia tests: mean latency (s) to remove forepaws from a block (forepaw), to rotate 180° on an inclined grid (rotation) and 1o initiate
)

locomotion (move) pre- and postoperatively (+ S.E. M,

Four lesion groups: €, sham control; VTA, ventral tegmental area; S, septum; F, frontal cortex. See text for further details.

Group

C VIA N F

Pre Post Pre Post Pre Post Pre Post
Forepaw 1.8+03 27206 17£02 29406 13102 2209 1.8+0.8 1.6+03
Rotation 11.5+23 74+09 82418 10318 82+19 6.0+1.2 107+23 64112
Move 48+1.0 32£05 57+08 45+11 2.7£0.6 1605 21205
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Fig. 1. A: mean number of blocks of 10 trials to attain 8/10
avoidance responses 1o a single CS (shaded column) or the
compound light/tone CS (open column) in a two-way shuttle
box. B: mean (= S.E.M.) avoidance respopses to CS b/a + b
(blocking ratio) after training in the blocking condition (CS
a/ab: (open column)) or in the normal learning condition with
CS ab (shaded column). n = 10 per group, 5 per condition. C,
sham control; S, septal group; F, frontal group: *P < 0.05.

septal or frontal lesions, but acquisition was facili-
tated for animals presented with the compound CS ‘ab’
with respect to those presented with only the tone or
the light at the start of conditioning (=168 P<
0.01). Posthoc testing supported this at the 5% level
(Fig. 1A).

Blocking

Analysis of the blocking ratio (avoidance re-
sponses to b/a + b) showed an interaction between
lesion and experience (df = 5, 7 = 13.6, P < 0.02).
The differences related to the blocking and not the
control condition where post hoc analysis confirmed
that blocking was attenuated in the frontal U=6)
but present in the septal (U =0, P < 0.001) and sham
control group (U = 4, P < 0.05) (Fig. 1B).

As animals made more escape than avoidance re-
sponses to CS presentations, an analysis of response
latency made more use of the data available. Analy-
sis of the latency of response to the first 3 presenta-
tions of CS ‘b’ (i = 12.04, P < 0.05) showed that the

orced ab valuss given

RESPONSE LATENGY (s005)

1o stimulus b (non-reintorced) = re)

— e — —— —_—
b  asan b anms a  arb
Group ¢ s

Gondition

Fig. 2. The mean response latencies for the first (1-3) and last
(17-20) 3 test prescntations of the non-reinforced CS b were
calculated for animals trained in the blocking (a/ab) and learn-
ing controf conditions (ab). The medians of these latencies are
shown for control (C), septal () and frontal (F) animal groups
in cach condition. In each column are shown the response la-
tencies to the most recent 3 reinforced presentations of CS ab.
Median of the mean test avoidance latencies to CS a after ab
and a/ab training were: C, 3.4,4.6; S, 3.6,4.4; and F, 4.7, 4.8s.
*P<0.05,7*P<0.02

septal group responded faster than controls (U= 4, P
< 0.05). Blocking was attenuated. Differences on
the last 3 presentations (2 = 11.13, P < 0.05) were
due to longer latencies (233%) shown by the septal
group (U = 2, P < 0.02). All animals with septal le-
sions increased response latency across presentations
(P < 0.03 Sign test) and hence showed blocking at
the end of the test (Fig. 2). This analysis confirmed
blocking in the sham-control group (U = 4, P < 0.05)
and its attenuation in the frontal group (U = 7).

For comparison data were obtained as a control for
overlearning. Four animals were presented with the
same protocol (e.g. sham lesion, 4 training sessions),
but received 3 times the number of CS ‘a’ as CS ‘ab’
presentations, (mean blocking ratio 0.27 + 0.06;
‘median of trials 1-3 mean latency, 5.3 s, trials 17-20,
9.35).

Biochemistry
Severe depletion of DA and its metabolite
DOPAC were recorded in all projection regions of
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Fig. 3. Mean percentage of control values for noradrenaline
(NA), dopamine (DA) and its metabolite DOPAC in the medi-
al prefrontal cortex (PRF), septum (S), n. accumbens (Acc)
and antcrior neostriatum (STR) are shown in the 4 panels.
These levels were measured after 6-OHDA or control vehicle
treatment of frontal (F), septal () and ventral tegmental arcas
(VTA) (horizontal axis). n = 10 per group. Control values for
areas PRF, S, Acc and STR were, respectively: NA, 0.25, 1.01,
0.5, 0.49; DA, 0.10, 0.55, 5.78, 10.16; and DOPAC, 0.04,
0.16,1.78, 1.85 ng/g w. wt

the VTA after VTA-6-OHDA treatment (Fig. 3).
Treatment of the septum and frontal cortex with 6-
OHDA reduced DA levels by about 80% whilst utili-
zation rates (DOPAC:DA) remained high. Outside

TABLE IV
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the area of treatment decreases of the level of DA
were noted in the frontal area after septal treatment
(48%) and in the anterior neostriatum after treat-
ment of the frontal cortex (22%). Noradrenaline lev-
els fell after VTA-6-OHDA treatment in the neo-
striatal, septal and frontal areas and after septal-6-
OHDA treatment in the septum (ca. 50%).

Locomotion

There were no major differences between treat-
ment groups on 24-h counts of locomotor activity in
the circular corridor. Subsequent apomorphine treat-
ment (0.2 mg/kg in 0.3 ml, s.c.) resulted in hyperloco-
motion in the VTA group alone. Over the 60 min fol-
lowing treatment locomotion increased 10-fold.
These levels were 5 times higher than those shown by
other groups (Table IV).

DISCUSSION

The degree of depletion of DA after 6-OHDA
treatment of the VTA, septum and frontal cortex is
comparable with previous reports” %7, DA re-
ceptor supersensitivity as indicated by the hyperloco-
motor response to apomorphine treatment was
recorded only for the VTA group®. Thus the main
results of this experiment were: (1) that animals with
VTA-6-OHDA lesions failed to acquire a two-way
shuttle avoidance response; (2) 6-OHDA lesion of
the septum or frontal cortex did not affect the rate of
avoidance acquisition; (3) during testing animals
with septal-6-OHDA damage developed blocking af-
ter initially showing attenuated blocking; and (4) le-
sion of the frontal cortex with 6-OHDA attenuated
blocking. The results will be discussed in this order.

Locomotor activity in a circular corridor: mean photocell counts per hour measured over 24 h after 3-h habituation (CON) followed by
apomorphine-induced locomotion recorded for 1 h (APO: 0.2 mg/kgs.c.) (+ S.E.M.)

Four lesion groups ( = 10): C, sham control; VTA, ventral tegmental area; S, septum; F, frontal cortex.

Group
c VIA s F

CON 9931108 133.7£19.1 114.1 £12.1 94.146.7
2039 +54.5 1302.8 4 232* 305.6 £ 66.5 217.2£373

P <0.001; paired comparison U = 4, P < 0.001).




142

Rats with VTA-6-OHDA lesions did not learn the
shuttle avoidance task*. An opposite result obtained
after radiofrequency lesion® may be attributable to
damage of non-DA neurons and differences in the
training protocol. Different effects on locomotor be-
havior have been found to follow non-specific elec-
trolytic and 6-OHDA lesions of the VTA®. Thus as
the VTA group showed a hyperlocomotor response
to apomorphine our results may be attributable to de-
nervation supersensitivity in one or more of the
VTA-projection regions. Depletion of DA in the
neostriatum and n. accumbens, but neither alone,
has been reported to impair acquisition of a one-way
avoidance™. Since DA levels were reduced in both
structures in the present study (Fig. 3) it is tempting
to relate the two learning impairments. However NA
levels were also depleted in projection regions after
VTA lesion and may have contributed to the behav-
ioral changes recorded.

Lesion of ascending DA fibers with 6-OHDA does
not impair simple visual discriminations*®%. But
there are many reports that systemic treatment with
DA antagonists or intraventricular/nigral 6-OHDA
impairs the acquisition of conditioned avoidance, but
not escape responses (for review see ref. 5). This may
be a result of impaired incentive learning, as has been
reported for animals treated with pimozide® or im-
paired cognitive processing suggested to be neces-
sary for alternation tasks®.

Active avoi i may be facilitated af-

and reactivity to a bright light*!° there was no overall
difference between groups and light-approach laten-
cies were similar.

After septal-6-OHDA treatment animals showed
no attenuation of blocking according to the ratio of
avoidances to b/a + b over 20 trials. We are not

" aware of studies of the effect of lesion damage of the

septum on conditioned blocking. But damage to the
hippocampus has been reported to attenuate block-
ing®*87 It is therefore of interest to note that deple-
tion of septal DA has been reported to stimulate hip-
pocampal activity as measured by choline uptake®,
Therefore, with respect to the function of one of the
most important septal efferent pathways, the overall
result demonstrating blocking is consistent with pre-
vious studies.

However, successful blocking has been reported
after hippocampal damage with only two stimulus
presentations on the first test™ (contrast ref. 59). Al-
though the protocols differ we compared initial and
final response latencies in our 20-trial test. Initial
short response latencies to the added stimulus (b) on
trials 1-3 were followed by much longer escape la-
tencies on trials 17-20. There was a change from at-
tenuated to normal or exaggerated blocking. Was
this a result of DA depletion? DA levels were mildly
depleted in frontal regions after septal-6-OHDA
treatment. Whilst this might affect blocking, frontal
depletion must be more complete to affect delayed

ernation per ce®®. Further much greater de-

ter electrolytic lesion of the septum®+S or mildly im-
paired after non-specific prefrontal damage®. But
we found no differential rate of acquisition after DA
depleting lesions or sham-operations in these areas.
This is an essential condition for the study of learned
inattention during task acquisition'* and one that has
not been easy to achieve in similar studies of the re-
sult of NA depletion®!,

Control tests show that the differences found on
the conditioned blocking tests cannot be easily attrib-
uted to altered perception of the CS or US intensity
or motor activity. There were no differences between
groups on 3 measures of akinesia (after initial elimi-
nation of two VTA animals), on the flinch/jump cur-
rent sensitivity threshold nor on sound sensitivity.
We were unable to arrange a psychophysical test for
light itivity, but in the t light/
dark box which has been used to measure fearfulness

pletions of NA than were found in the present study
(max. 20%) do not affect blocking®!¢!. Thus it is like-
ly that the initial attenuation of blocking was related
to either DA levels or an imbalance between cate-
cholamine levels in the septum.

Rats with non-specific septal damage are often hy-
per-reactive® yet do not make use of supplemental
stimuli in learning®'777. A parsimonious explanation
for our results is that initially the septal-6-OHDA
rats escaped in response to a marked stimulus change
(hyper-reactive) but in the absence of reinforcement
rapidly developed blocking to the superfluous stimu-
lus (focussing of attention)”. But we would em-
phasize that this result needs to be replicated and the
effect of a change of stimulus protocol investigated
before conclusions are drawn.

Lesion of the frontal cortex with 6-OHDA did not
affect NA levels in any region examined and, outside



the frontal cortex, mildly lowered DA levels (20%)
in the anterior striatum. Thus the effects of the lesion
may be attributed to either DA depletion or the im-
balance between levels of NA and DA. Such an im-
balance in the frontal cortex may bring about small
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seen in the performance of delayed alternation and
matching tasks. Our results support the idea®® that
frontal catecholaminergic activity may affect the
third of these functions, namely the influence of al-
ternative stimuli in the control of the organization of

increases of locomotion®. But increased
did not result in increased crossovers in the shuttle
box. Indeed there was a relatively long response la-
tency to CS b in the learning control condition (ab,
Fig. 2). We have no simple explanation for this. The
difference was not due to fatigue as avoidance laten-
cies were elicited for both reinforced presentations of
CS ab and non-reinforced presentations of CS a (Fig.
2). The use of a visual stimulus for animals with da-
mage that could affect the frontal eye field might re-
sult in overshadowing by the sound stimulus. Howev-
er there is no evidence for this in the animals trained
in the blocking condition nor was a change of respon-
siveness recorded in the light/dark box.

One possible interpretation for the mild attenua-
tion of blocking seen after frontal-6-OHDA damage
is that DA depletion enhances the associability of CS
b analogous to the effect of overtraining animals to
CS a. Four intact animals were tested with a 3-fold in-
crease of the number of trials with CS a before expo-
sure to CS ab. The blocking ratio showed a 60% at-
tenuation which parallels the change from control to
frontal levels. It would seem worthwhile investigat-
ing this parallel further. From the present results we
would propose that frontal and accompanying neo-
striatal DA depletion” (Fig. 3) affect information
processing”’ and that this deficit interacts with expe-
riential factors to impair stimulus associability. Fus-
ter? has proposed 3 major functions for the frontal
cortex: short-term memory; preparatory set; and the
control of interference from alternative stimuli, as
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