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Abstract

It has been suggested that the striatum mediates hippocampus-independent memory tasks. Classical fear conditioning to a discrete
stimulus such as a tone is not affected by hippocampal lesion, whereas contextual fear conditioning is an hippocampus dependent task.
The purpose of the present study was to verify the effect of dorsal striatal lesions on tone and contextual fear conditioning. The lesioned
rats were not impaired in contextual fear conditioning but in tone fear conditioning both electrolytically and neurotoxically lesioned
animals showed less freezing compared with controls. The lesion effect was observed after a postoperative recovery period of 14 days but
not after 2 months. The results support the hypothesis that the dorsal striatum is involved in hippocampus-independent memory tasks, but,
in spite of this involvement, it does not seem to be a critical structure.
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1. Introduction in some studies. For instance, lesions of fimbria-fornix, but
not lesions of the caudate nucleus, impaired the acquisition

Although several studies have shown selective memory of a win-shift task in the radial maze. This task requires the
impairment after hippocampal lesiof36,4,19], relatively animal to remember the arms of the radial maze previously
few have attempted to identify the neural basis for non- visited in the trial. On the other hand, lesions of the
hippocampal memory systems. Some studies have sug- caudate nucleus, but not fimbria-fornix lesions, disrupted
gested that the hippocampal system and the caudate the acquisition of the win-stay simultaneous visual dis-
nucleus may mediate the acquisition of different types of criminative response—a response that does not require the
learning and memory (for a review sdél]). The in- animal to remember the spatial location of the arms
volvement of the dorsal striatum in some learning and previously vis[&?]. Double dissociation was also
memory processes has been propofe82,33,40]. Ani- observed in other memory tasks. While the fornix lesion
mals with dorsal striatal lesion were not able to learn the impaired the acquisition of a spatial task in the water maze,
reward position in the radial maze, when the reward was the caudate lesion impaired the acquisition of a visual
placed in a constant direction from the animal at the radial discriminative response, having no effect on the acquisi-
maze start point (a task that depends on an egocentric tion of the spatigP#dskhese data indicate that the
orientation strategy)[32]. Double dissociation between striatum could be one of the neural structures that mediate
dorsal striatal lesion and hippocampal lesion was obtained those learning abilities that are preserved after hippocam-

pal lesions although some conflicting results ejst,31].

*Corresponding author. Tel+55-11-5539-0155; fax:+55-11-5572- Dissociation between tasks that are hippocampus-depen-
5092. dent, and those that are not also occurs in tasks that
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training, or even 24 h after training, disrupts the contextual
fear conditioning task. In this task, the animal receives an
aversive unconditioned stimulus (US), such as a footshock,
in a specific context, and when the animal is returned to
this context it displays conditioned fear responses in the

light—dark cycle (lights on at 7:00 a.m.) conditions. Rat

chow and tapwater were provided ad libitum. The animals
were allocated to four different experiments and each
behavioral test was conducted on different groups of
animals.

absence of the US (evaluated by the suppression of operant
responses, freezing behavior or alterations in autonomic
activity). This same lesion does not affect classical fear 2.1. Surgery
conditioning to a discrete stimulus, a task quite similar to
the previous one, in which the US is associated to a
discrete neutral conditioned stimulus (CS) such as a tone
or light. After a few pairings, the CS elicits conditioned
fear responses, even if the CS is presented in a different
environmental contextl3,30]. The same kind of dissocia-
tion has been observed after experimental manipulations
other than hippocampal lesion, such as electroconvulsive
shock[3], REM sleep-deprivatioli2] and anti-cholinergic
drugs administratiorf7]. It is possible, therefore, that the
dorsal striatum may be involved in light or tone fear
conditioning, but not in contextual fear conditioning.
However, the dorsal striatum is not usually considered part
of the neural circuitry mediating tone fear conditioning

The rats were pretreated with 10 mg/kg of Diazepam
(valium , Roche) and were anesthetized with 15 mg/kg of
Ketamina (Agener). Both drugs were administered i.p.
Stereotaxic bilateral lesion were made with bregma and
lambda in the same horizontal plane. An incision was
made along the sagital midline of the scalp and holes were
drilled in the skull.
In Experiments 1, 2 and 3, bilateral dorsal striatum
lesions were carried out by passing an anodic current of 5
mA for 10 s through a stainless-steel electrode insulated
except for about 0.5 mm at the tip. Control groups
underwent the same surgical procedure, except that no
current was delivered. The following coordinates were

[15,16]. Nonetheless, the dorso-medial striatum receives
projections from the visual cortex, whereas the medial

used: 0.7 mm anterior to bregma, 2.5 mm lateral to the
central sinus, and 4.5 mm ventral from the skull surface

striatum receives projections from auditory cues, and the [27,28].

dorso-lateral striatum from motor areds8], which makes
involvement of this structure in classical conditioning
feasible. In fact, caudate lesion impaired acquisition of
Pavlovian conditioned eyelid reflex in the rabbit, although
conditioned heart rate was unaffect§2B]. This result
shows an involvement of the caudate nucleus in classical
conditioning to a discrete stimulus. Also dorsolateral
striatum appears to be involved in the expression of
conditioned orienting response but not in the acquisition of
this learned behaviofl10].

To test the hypothesis that the striatum may mediate
tone- but not contextual-fear conditioning, the same stereo-
taxic coordinates used by Packard and McGajagh were
used, since this lesion was shown to be effective in
producing deficits in hippocampus-independent memory
tasks.

In the present study we sought to verify the effect of
dorsal striatum lesion in tone fear conditioning (a task not
affected by hippocampal lesion) and in contextual fear
conditioning (which is dependent on hippocampal func-
tion), aiming to extend the range of hippocampus-indepen-
dent tasks that are susceptible to striatal lesion.

In Experiment 4, bilateral dorsal striatum lesions were
carried out by infusion of .6®f ibotenic acid (10
mg/ml) dissolved into phosphate buffered saline (pH 7.2).
The solution was infused through a drawn glass pipette
attached to the needle of a pl0-amilton syringe (Reno,

NV, USA) at the rat@ldfriin. The pipette was left in

place for 5 min and then slowly withdrawn. In control

animals the holes were drilled in the skull but the pipette
was not lowered. The coordinates used in Experiment 4

were the same as those described for the electrolytic

lesions.
The postsurgical recovery period was 14 days in Experi-

ments 1, 2 and 4, and 2 months in Experiment 3.

2.2. Apparatus

The conditioning apparatus consisted of an acrylic box,
measuring23830 cm. The walls were black with

some visual white patterns (two squares measpring 5.5

5.5 cm andXQ@m made of white cardboard). The
top was covered with transparent acrylic. The floor con-

sisted of a metal grid (0.4 cm diameter rods placed 1.2 cm
apart) connected to a shock generator and a control module
(Ugo Basile model cat. 7551), through which footshocks
could be delivered. The tone conditioning test used a white
cylindrical chamber, 35 cm in diameter and 60 cm in
height, and covered by a transparent acrylic top. The
apparatuses were kept in different rooms. A buzzer placed
outside the conditioning apparatus and outside the cylindri-

2. Material and methods

Subjects were male Wistar rats aged 3—4 months and
bred and raised in the animal facility of the Department of
Psychobiology at UNIFESP/EPM. They were maintained
under controlled temperature (22°C) and 12:12-h
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cal chamber produced the 90-dB tone used as conditional2.5. Satistical analysis:
stimulus (CS).
Data from the classical fear conditioning were analyzed
2.3. Behavioral procedures by a three or two-way ANOVA (for contextual and tone
conditioning, respectively) with Group and Minute (and
Each behavioral procedure was conducted in a different Session for the contextual fear conditioning) as main
set of animals. factors. When applied, the analysis was followed by the
post-hoc Duncan test.

2.3.1. Contextual fear conditioning

The task was carried out during 2 consecutive days. On
the first day (training), the animals were individually 3. Results
placed in the black box, where they remained for 5 min. ™
The behavior of each animal was recorded continuously by
measuring the seconds it remained in freezing (defined as
complete immobility and absence of vibrissae movements
and sniffing[1]) minute by minute for 5 min. After this
period, rats received 5 footshocks (1 mA, 1-s duration) at
30-s intervals and were removed from the apparatus 1 min
after the last footshock. Contextual conditioning tests were
performed on the second day, 24 h after training. All rats
were placed in the same training context, and no foot-
shocks were delivered. The time in freezing was recorded
minute by minute for 5 min. The freezing/min ratio was
taken as a measure of contextual conditioning.

3.1. Histology

Placement of the striatal electrolytic lesions is repre-
sented inFig. 1A. The lesioned area was the anterodorsal
striatum. A schematic representation of the neurotoxic
lesions is shown ifFig. 1B. These lesions were larger and
their placement was more caudal than the electrolytic
lesions. Rats with unilateral lesions were not considered
for the analysis of the results. For contextual fear con-
ditioning task of Experiment 1, 16 control animals and 15
lesioned animals were used for the analysis of the data. For
the tone fear conditioning 1 (Experiment 1), 11 control
animals and 11 lesioned animals were used. In Experiment
2.3.2. Tone fear conditioning: 2 we used 13 control and 15 lesioned animals, in Experi-

the first day (familiarization), rats were individually placed 15 control and 13 lesioned animals.

in the black box, where they remained for 5 min. After this

period, they were removed from the apparatus and returned

to their homecage. On the second day (training), they were 3 2 Behavioral results
again placed in the black box and after 30 s were given a

series of 5 tone-footshock pairings at 30 s intervals. The

tone (CS) sounded fo5 s and in the last second a 32 1. Experiment 1
footshock (US) was delivered, which ended together with

the tone. Rats were removed from the apparatus 30 s after

the last footshock. The tone conditioning test was per- 32 7.7 Tone fear conditioning Z. The lesioned animals
formed on the third day, 24 h after training. Rats were \ere impaired in the acquisition of tone fear conditioning
placed in the cylindrical chamber (new context) for 6 min (rig. 2). There was a significant Minute effedt f 100~
in Experiments 1, 3 and 4, but not in Experiment 2, in 57 4. p<0.0001] and a significant interaction between
which they remained in the test chamber for 8 min. During pminute and Group f 5 100/=2.4; P=0.04]. Posthoc (Dun-
the 4th minute of exposure to the apparatus, the CS wasggp P<0.05) test showed that both groups increased
presented five times at 30-s intervals, beginning at the endgreezing after tone presentation but the lesioned animals
of the 3rd minute. The freezing time was measured, minute ghowed less freezing than the control animals during the
by minute, before and after the tone. last 2 min of the test. The main effect of Group was not
significant F, ,,,=1.45; P=0.24].
2.4. Histology
3.2.1.2. Contextual fear conditioning.. Dorsal striatum
Following the behavioral experiments, the rats were lesion did not affect contextual fear conditiBiging)(
sacrificed by a lethal dose of chloral hydrate and their Three-way ANOVA showed that the main Group effect
brains were removed and stored aB80°C. The brains was not significanf | ,4,=0.24; P=0.67]. In addition,
were cut into 20um coronal sections. The sections were there were no statistically significant X®espion
slide mounted, stained with cresyl violet, and examined F, [,=0.21; P=0.65], GrouxxMinute [F ,,70.35;
microscopically. P=0.84] or Group<MinutexSession F, ,,=0.31; P=
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Fig. 1. Schematic representation of coronal sections from rat brain (adapted2rpnindicating the location of the smallest (diagonal lines) and biggest
sizes (black-diagonal lines) of dorsal striatal lesions. (A) Electrolytic lesions; (B) neurotoxic lesion.
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Fig. 2. Effects of electrolytic dorso-striatal lesion on freezing response of
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number of animals per group is shown in parentheses after the group 186-7?; P<0.0001]. The animals showed more freezing
names; *,P<0.05 compared to control. behavior at test session as compared to training session
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(Duncan test,P<<0.05). There was also a significant Tone fear conditioning
Minute effect F, ;,6=40.30; P<0.0001]. 60 -
3.2.2. Experiment 2 = 50 4

Since the lesioned animals differed from controls in the gl
last 2 min only, the time of observation was extended from g 401
6 to 8 min in order to check that results were consistent 2
and replicable. = ¥

5 ---D-- - lesion (23)

3.2.2.1. Tone fear conditioning 2. As can be seen ifig. £ 2 —=— control (31)
4, the lesion affected conditioning to a tone. There was a %‘3‘ 10 4
significant Minute effect F; ,4,,=90.7; P<<0.0001] and
both groups displayed more freezing behavior after tone 0 .
presentation (Duncaf®<0.05). The MinutxGroup inter- 1 2 3 4 5 6 Time (min)

before tone / after tone

action was significant F; ,4,,=3.1; P=0.004] and the
posthoc analyses (DuncaR<0.05) showed that lesioned  Fig. 5. Effects of electrolytic dorso-striatal lesion on freezing response of
animals displayed less freezing than control animals at all rats in tone fear conditioning test measured during 3 min before and 3

times after tone presentation. The main effect of Group min after tone. The animals were tested 60 days after surgery. The
| ianifi . number of animals per group is shown in parentheses after the group
was also significantH; ,¢,=5.3; P<0.03]. names.

3.2.3. Experiment 3
The purpose of the experiment was to find whether P<<0.0001], with animals displaying more freezing after

electrolytic lesion effects on tone fear conditioning would tone presentation (DuriaB,05). The main Group

still occur if the postsurgical recovery period was extended effe€t, sf,=0.16; P=0.68] and the interaction

from 14 days to 2 months before beginning behavioral Fg ¢,=0.55; P=0.73] were not statistically significant.

procedures. This experiment was conducted because there

is a report in the literature showing that the postsurgical 3.2.4. Experiment 4

recovery period can influence the lesion effgt The purpose of the present experiment was to observe

the effect of neurotoxical lesion of the dorsal striatum on

3.2.3.1. Tone fear conditioning 3. When the postsurgery the acquisition of tone fear conditioning.

recovery period was extended to 2 months the lesioned

animals showed no impairment in tone fear conditioning 3.2.4.1. Tone fear conditioning 4. As in Experiments 1

(Fig. 5). The results shown are from two experiments. As

there were no differences between the experiments nor

between the groups, the data from both experiments were

collapsed. Two-way ANOVA of the collapsed data showed

that there was a significant Minute effe€ ] ,¢,,=227.70;

acquisition of tone fear conditiiging.(There was a
significant Minute éffect,[=76.94;P<0.0001]; and

F (5.11072.9; P<0.02]. Posthoc test (Duncah<0.05) for

Tone fear conditioning
Tone fear conditioning

O - lesion (15) 60 - — = control (17)

—@——control (13)

60 4

---0--- lesion (7)
50 4

40 |

30 4

20 4

Meanfreezing time (sec + SBW)
Mean freezing time (sec + SEM)

8  time (min) 6 time (min)

before tone ! after tone before tone / after tone

Fig. 4. Effects of electrolytic dorso-striatal lesion on freezing response of Fig. 6. Effects of neurotoxic dorso-striatal lesion on freezisg oéspo

and 2, lesioned animals showed an impairment in the

a significant interaction between Minute and Group effects

rats in tone fear conditioning test measured during 3 min before and 5
min after tone. The animals were tested 14 days after surgery. The
number of animals per group is shown in parentheses after the group
names; *,P<<0.05 compared to control.

rats in tone fear conditioning test measured during 3 min before and 3
min after tone. The animals were tested 14 days after surgery. The
number of animals per group is shown in parentheses after the group

names; P<0.05 compared to control.
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the Minute effect showed that the animals increased

freezing after tone presentation, and Posthoc test (Duncan
P<0.05) for the interaction showed that lesioned animals

displayed less freezing than the control animals during

minutes 4 and 5 of the test. Main Group effect was not

significant F, ,,=2.21; P=0.15].

lesioned animals since it may also respond to nonassocia-
tive features of classical fear conditi@pivihether

dorsal striatal lesion impairs tone—shock (CS—-US) associa-

tion or the motor response in response to the tone used as

CS is an open question that deserves more investigation.

Contextual fear conditioning is affected by hippocampal

lesion, possibly due to the role of this structure in storing
spatial information13,30]. Many studies have shown that

4, Discussion

lesions or pharmacological manipulations of the hippocam-

pus impair spatial processing-based tasks (for a review see
The main finding of the present study is that, although [20]) although some controversial about the involvement

dorsal striatal lesion did not completely abolish tone fear
conditioning, it produced a slight but selective impairment
in this task. This result was obtained with electrolytic
lesion in both Experiments 1 and 2 (the observation period
was extended from 6 to 8 min in the latter). Neurotoxic
dorsal striatal lesion also induced the same pattern of
impairment as compared to electrolytic lesion. But the
neurotoxic lesions were larger than the electrolytic ones,
rendering a direct comparison between them somewhat
tenuous. The same electrolytic lesion that affected tone
fear conditioning, however, did not affect contextual fear

of the hippocampus in mediating spatial memory exists
(for a review see on this[idgdic In contrast, nonspatial

tasks are not affe@gi®,20,22,25,26,38]Several of

these nonspatial tasks are impaired by lesions in the dorsal
striatiiiyl 7,23,24],supporting early findings that have
suggested a role for the caudate-putamen in mediating
learning and mef82r$3], and in accordance with the

notion that there are multiple parallel memory systems in
the B8din The acquisition of certain hippocampal-
independent tasks such as left/right discrimination, how-
ever, does not seem to be affected by striatal lesion

conditioning. Therefore, we observed dissociation between[21,31], suggesting that not all hippocampal-independent

lesion effects for two classical fear conditioning tasks. A
cautionary note is advisable, however, against a full
generalization of such a conclusion to the whole dorsal
striatum, since this structure is large and heterogeneous.

Since impairment was restricted to tone conditioning,
without affecting contextual conditioning, it is not possible
to attribute the observed impairment to motor alterations
that could possibly interfere with the animal's ability to
exhibit freezing behavior or to motivational alterations
(e.g. insensitivity to shock, reduced anxiety). It is also
unlikely that the impairment of tone fear conditioning is
due to lesions of fibers of passage since neurotoxic lesion
affected performance as well.

It must be emphasized that the effect was observed
when freezing was used to measure acquisition of con-
ditioning. Reyes-Vazquez et al[34] observed that an
almost total striatum electrolytic lesion (including part of
the nucleus accumbens) did not interfere with an au-
tonomic conditioned response such as heart rate. More-
over, a dissociation between somatomotor and autonomic
responses was reported in tone classical conditioning in
rabbits using shock as UR9]. These authors observed
that caudate lesion impaired acquisition of Pavlovian
conditioned eyelid reflex in the rabbit, whereas conditioned
heart rate was unaffected. They also observed that other
motor responses were preserved, suggesting that the lesion
interferes selectively with somato-motor learning, whereas
the more generalized motor activity remains intact. These
data may indicate that the lesion does not impair the
animal’s ability to learn the relationship between CS and
US but only the somatomotor response in response to CS
[29]. However, it can be argued that heart rate is not a
good measure of autonomic conditioning in striatal-

tasks are dependent on dorsal striatum functioning. The
results of the present study extend to anterodorsal striatum
the involvement in fear conditioning.

Another factor that may be responsible for the apparent
disagreement in the literature is the site of the lesion.
Regarding its connections, the striatum is a large and
heterogeneous region. Its cortical afferents are topographi-

cally organized as different cortical areas project to

different striatal aH8is so different striatal regions are
likely to be related to different functions. Therefore,

lesions in two distinct parts of the striatum differentially

affect performance of rats on tests of olfactory and visual

conditioned emotional respoj3sds

In the present study, the lesion affected the anterior
dorsal striatum and partially both medial and lateral areas

but predominantly the medial part, that is, our lesion
probably reached regions which receive visual and to a

lesser extent auditory projefi®hsHowever, the

attempt to explain the effect of dorsal striatum lesion
through its cortical connections is not entirely satisfactory
since direct lesions of the auditory cortex do not prevent

tone conditionibg]. The critical structures necessary for

tone fear conditioning appear to be the amygdala and the
medial geniculate [B6Hy
Nonetheless, the present results suggest that the lesione

area of the striatum is somehow involved in mediating tone
fear conditioning, but not contextual conditioning. But, in
spite of being replicable, the effect of the lesion is
transient. When the recovery period is extended to 2
months, impairment is no longer observed. So our data

showed that animals may not need the lesioned area for
execution of the tone classical conditioning task. There-
fore, despite some involvement in this task, the dorsal
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striatum does not seem to be as critical as the medial selective M1 muscarinic receptor antagonist dicyclomine on emo-
geniculate body and the amygdala. An alternative interpre- _ tional memory, Learn. Mem. 7 (2000) 287-292.

. . . . [8] R.J. Frohardt, F.A. Guarraci, S.L. Young, Intrahippocampal infu-
tation is that the regions around the lesion underwent a sions of a metabotropic glutamate receptor antagonist block the

funf:tior!al reorganization during the e.Xtended recovery memory of context-specific but not tone-specific conditioned fear,

period in an attempt to supply the lesioned area, which Behav. Neurosci. 113 (1999) 222-227.

may explain the lack of impairment after this period_ This [9] S.D. Glick, R.G. Marsanico, S. Greenstein, Differential recovery of

is not unlikely if one remembers that there are no function following caudate, hippocampal and septal lesion in mice,
. . . L . . Physiol. Psychol. 1974) 787-792.

borderlines limiting anatomic subregions within the J. Comp. Physiol. Psychol. 86 (1974) 787-79

. . .. . . [10] J.S. Han, RW. McMahan, P. Holland, M. Gallagher, The role of an
striatum, which means that a similar kind of neural tissue amygdalo-nigrostriatal pathway in associative learning, J. Neurosci.

surrounds the affected area. Functional recovery after 17 (1997) 3913-3919.
striatal lesion was also observed by othd®§ in an [11] R.L. Isaacson, Unsolved mysteries: the hippocampus, Behav. Cog.
inhibitory avoidance task in mice. Glick et §9] tested the Neurosci. Rev. 1 (2002) 87-107.

animals 2 and 28 days after striatal electrolytic lesion and [12] J. Iwata, J.E. LeDoux, Dissociation of associative and nonassocia-
. . f f b d | f h tive concomitants of classical fear conditioning in the freely
impairment of performance was observed only after the behaving rat, Behav. Neurosci. 102 (1988) 6676.

shorter recovery period. In most studies, however, be- [13] 1. kim, M.S. Fanselow, Modality-specific retrograde amnesia of
havioral procedures subsequent to striatal lesion begin 2 fear, Science 256 (1992) 675—677.

weeks after surgery (as in Experiments 1, 2 and 4)_ It is [14] J.E. LeDoux, A. Sakaguchi, D.J. Reis, Subcortical efferent projec-
therefore possible that recovery may not be specific for the tions of the medial geniculate nucleus mediate emotional responses

t f ditioni task d ther b I conditioned to acoustic stimuli, J. Neurosci. 4 (1984) 683—-698.
one fear condiioning task and may rather be a genera [15] J.E. LeDoux, Emotional memory systems in the brain, Behav. Brain

phenomenon that occurs in other tasks, but has not yet ~ res. 58 (1993) 69-79.

been observed because the testing period was too short. [16] J.E. LeDoux, Emotion: clues from the brain, Annu. Rev. Psychol. 46
In summary, the results point to transient involvement of (1995) 209-235.

the lesioned area of dorsal striatum in mediating tone fear [17] R.J. McDonald, N.M. White, Parallel information processing in the

S Lol ical f . water maze: evidence for independent memory systems involving
conditioning, but not contextual classical fear conditioning. dorsal striatum and hippocampus, Behav. Neural Biol. 61 (1994)

260-270.
[18] A.J. McGeorge, R.L.M. Faull, The organization of the projection
from the cerebral cortex to the striatum in the rat, Neuroscience 29
Acknowledgements (1989) 503-537.
[19] R.G.M. Morris, P. Garrud, J.N.P. Rawlins, J. O'Keefe, Place
Supported by AFIP, CNPq, FADA and FAPESP. We navigation impaired in rats with hippocampal lesions, Nature 297

thank Isabel Marian H. Quadros and Deborah Suchecki for (198,2) 681-683. . .

. [20] J. O’Keefe, L. Nadel, The Hippocampus as a Cognitive Map,

helpful comments and criticisms. Part of the data presented”  |;rendon Press, Oxford, 1978.

in this paper was presented in the 31st Society for [21] M.G.M. Oliveira, O.F.A. Bueno, A.C. Pomarico, E.B. Gugliano,

Neuroscience Annual Meeting (San Diego, CA, USA, Strategies used by hippocampal and caudate-putamen-lesioned rats

2001)_ in a learning task, Neurobiol. Learn. Mem. 68 (1997) 32-41.

[22] M.G. Packard, R. Hirsh, N.M. White, Differential effects of fornix
and caudate nucleus on two radial maze tasks: evidence for multiple
memory systems, J. Neurosci. 9 (1989) 1465-1472.

[23] M.G. Packard, N.M. White, Lesions of the caudate nucleus selec-
tively impair ‘reference memory’ acquisition in the radial maze,
Behav. Neural Biol. 53 (1990) 39-50.

[1] M.E. Bouton, R.C. Bolles, Conditioned fear assessed by freezing [24] M.G. Packard, J.L. McGaugh, Double dissociation of fornix and

References

and by suppression of three different baselines, Anim. Learn. Behav. caudate nucleus lesions on acquisition of two water maze tasks:
8 (1980) 429-434. further evidence for multiple memory systems, Behav. Neurosci.

[2] O.F.A. Bueno, L.L. Lobo, M.G.M. Oliveira, E.B. Gugliano, A.C. 106 (1992) 439-446.
Pomarico, S. Tufik, Dissociated paradoxical sleep deprivation [25] M.G. Packard, L.A. Teather, Double dissociation of hippocampal
effects on inhibitory avoidance and conditioned fear, Physiol. and dorsal-striatal memory systems by post-training intracerebral
Behav. 56 (1994) 775-779. injections of 2-amino-5-phosphonopentanoic acid, Behav. Neurosci.

[3] O.F.A. Bueno, M.G.M. Oliveira, A.C. Pomarico, E.B. Gugliano, A 111 (1997) 543-551.
dissociation between the proactive ECS effects on inhibitory avoid- [26F.MPackard, S.F. Vecchioli, J.P. Schroeder, A. Gasbarri, Task-
ance learning and on classical fear conditioning, Behav. Neural Biol. dependent role for dorsal striatum metabotropic glutamate receptors
59 (1993) 180-185. in memory, Learn Mem. 8 (2001) 96—103.

[4] N.J. Cohen, L.R. Squire, Preserved learning and retention of pattern- [2Pjam@nos, C. Watson, The Rat Brain in Stereotaxic Coordinates,
analyzing skill in amnesia: dissociation of knowing how and Academic Press, New York, 1986.
knowing that, Science 210 (1980) 207-210. [28] Raxinos, C. Watson, The Rat in Stereotaxic Coordinates: Com-

[5] D. Cook, R.P. Kesner, Caudate nucleus and memory for egocentric puter Graphic Files, Compact, 3rd Edition, Academic Press, San
localization, Behav. Neural Biol. 49 (1988) 332-343. Diego, 1997.

[6] B.D. Devan, E.H. Goad, H.L. Petri, Dissociation of hippocampal [29A.CPowell, D. Mankowski, S. Buchanan, Concomitant heart rate
and striatal contributions to spatial navigation in the water maze, and corneoretinal potential conditioning in theOrgbtoitagus
Neurobiol. Learn. Mem. 66 (1996) 305-323. cuniculus): effects of caudate lesions, Physiol. Behav. 20 (1978)

[7] RV. Fornari, K.M. Moreira, M.G.M. Oliveira, Effects of the 143-150.



24 T.L. Ferreira et al. / Brain Research 987 (2003) 17-24

[30] R.G. Phillips, J.E. LeDoux, Differential contribution of amygdala
and hippocampus to cued and contextual fear conditioning, Behav.
Neurosci. 106 (1992) 274-285.

[31] M. Pisa, J. Cyr, Regionally selective roles of the rat’s striatum in
modality-specific discrimination learning and forelimb reaching,
Behav. Brain Res. 37 (1990) 281-292.

[32] M. Potegal, Role of the caudate nucleus in spatial orientation of rats,
J. Com. Physiol. Psychol. 69 (1969) 756—764.

[33] M. Potegal, The caudate nucleus egocentric localization system,
Acta. Neurobiol. Exp. 32 (1972) 479-494.

[34] C. ReyesVazquez, T. lbarra, H. Brust-Carmona, Persistence of
classical conditioned heart rate after extensive lesions of the striatum
in rats, Physiol. Behav. 22 (1979) 1101-1105.

[35] L.M. Romanski, J.E. LeDoux, Equipotentiality of thalamo-amygdala
and thalamo—cortico—amygdala circuits in auditory fear condition-
ing, J. Neurosci. 12 (1992) 4501-4509.

[36] W.B. Scoville, B. Milner, Loss of recent memory after bilateral

hippocampal lesions, J. Neurol. Neurosurg. Psychiat. 20 (1957)
11-21.
[37]. Sherry, D.L. Schacter, The evolution of multiple memory
systems, Psychol. Rev. 94 (1987) 439-454.
[38\.LTeather, M.G. Packard, N.G. Bazan, Differential interaction of
platelet-activating factor and NMDA receptor function in hippocam-
pal and dorsal striatal memory processes, Neurobiol. Learn. Mem.
75 (2001) 310-324.
[3B] Miaud, N.M. White, Dissociation of visual and olfactory
conditioning in the neostriatum of rats, Behav. Brain Res. 32 (1989)
31-42.
[40] White, A functional hypothesis concerning the striatal matrix
and patches: mediation of S-R memory and reward, Life Sci. 45
(1989) 1943-1957.
[42y.NWhite, R.J. McDonald, Multiple parallel memory systems in
the brain of the rat, Neurobiol. Learn. Mem. 77 (2002) 125-184.



	Effects of dorsal striatum lesions in tone fear conditioning and contextual fear conditionin
	Introduction
	Material and methods
	Surgery
	Apparatus
	Behavioral procedures
	Contextual fear conditioning
	Tone fear conditioning:

	Histology
	Statistical analysis:

	Results
	Histology
	Behavioral results
	Experiment 1
	Tone fear conditioning 1
	Contextual fear conditioning.

	Experiment 2
	Tone fear conditioning 2

	Experiment 3
	Tone fear conditioning 3

	Experiment 4
	Tone fear conditioning 4



	Discussion
	Acknowledgements
	References


