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Abstract

Latent inhibition (LI) is the proactive interference of repeated nonreinforced preexposure to a stimulus with subsequent performance on ¢
learning task involving that stimulus. The present experiments investigated the role of the nucleus accumbens (NAC) in LI. LI was measured ir
a thirst motivated conditioned emotional response procedure with low or high number of conditioning trials, and in two-way active avoidance
procedure with the stages of preexposure and conditioning taking place in the same or different contexts. Sham-lesioned rats showed LI wit
low but not high number of conditioning trials and if preexposure and conditioning took place in the same context but not if the context was
changed between the stages. Lesion to the shell subregion of the NAC disrupted LI but LI was preserved in rats with a combined lesion tc
the NAC shell and core subregions. Moreover, rats with a combined shell-core lesion persisted in showing LI in spite of high number of
conditioning trials and in spite of context change. These results show that the NAC is not essentialdqutbigionof LI but rather plays a key
role in regulating thexpressiorof LI. Moreover, they suggest that the two subregions of the NAC contribute competitively and cooperatively
to this process, selecting the response appropriate to the stimulus-no event or the stimulus-reinforcement association in conditioning.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction decades, attention has focused on the neural substrates of LI
[17,42,58,69,7Q]

Organisms that receive repeated nonreinforced preexpo- The investigation of the neural substrates of LI has in-
sure to the conditioned stimulus (CS) are slower in gen- dicated that the nucleus accumbens (NAC) is a key region
erating a conditioned response to this stimulus when it is regulating LI. Disruption of LI by systemic amphetamine is
subsequently paired with reinforcement. This biasing ef- prevented by intra-accumbal infusion of dopamine DA an-
fect of past experience on current performance, latent in- tagonist or by 6-hydroxydopamine (6-OHDA)-induced DA
hibition (LI), enables efficient allocation of attentional and depletion from the NAC[29], and infusion of dopamine
learning resources by downgrading the behavioral control of DA agonist into the NAC may under some conditions dis-
stimuli that have no significant consequences, and can berupt LI ([29,62] but see[31]). The role of NAC DA has
demonstrated in a broad range of learning procedures andobeen supported by the demonstration that DA release in
species, including humans. LI has played a central role in the NAC elicited by a conditioned stimulus was elimi-
learning theory and researf$138,40,58,68]In the past two nated by nonreinforced preexposure of the stimulus prior

to conditioning [78]. Consistent with the extensive evi-
* Corresponding author. Tel.: +972 3 6409733; fax: +972 3 6409518.  dence that the NAC contains two anatomically and func-
E-mail addressweiner@post.tau.ac.il (I. Weiner). tionally distinct subregions, shell and core (e[@0,19,20,

0166-4328/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.bbr.2005.03.019



G. Gal et al. / Behavioural Brain Research 162 (2005) 246—255 247

25,30,41,47,48,79]it has been shown that LI is disrupted using same or different context, and restricted or extended
by shell but not by core lesiof28,65,72,73] Accordingly, conditioning, respectively.

reduction in the NAC DA release by stimulus preexposure

was shown to be confined to the shilb,27,44] Given

the above, it is puzzling that lesions to the entire NAC 2. Materials and methods

leave LI intact[32,72] Moreover, NAC DA depletion or

blockade led to the emergence of LI following low num- 2.1. Subjects

ber of preexposures that did not produce LI in controls
[29]. Male Wistar rats (Sackler Faculty of Medicine, Tel-Aviv Univer-

This inconsistency can be reconciled if it is assumed that Sity: Israel) approximately 4 months old and weighing 360-480g,

LI is modulated by, but not dependent on, the NAC. One housed four to a cage_under reversed cycle lighting (lights on:
o . .~ 07:00-19:00 h) with ad lib access to food and water except for the
model that specified precisely such a role for the NAC in . . .
Ll is th itchi del of LI69 70 711 A di duration of the CER experiments. All experimental protocols con-
_'S the SW'tC, Ing model o [, SRR ] ccpr ing to formed to the guidelines of the Institutional Animal Care and Use
this model, LI involves the acquisition of two independent committee of Tel Aviv University, Israel; and to the guidelines of

and conflicting associations in preexposure (CS-no event)the NIH (animal welfare assurance number A5010-01, expires on

and in conditioning (CS-reinforcement), which compete for 11/30/06). All efforts were made to minimize the number of animals

behavioral expression during conditioning or during subse- used and their suffering.

quent retention. The NAC determines whether in condition-

ing, the animal responds according to the CS-no event or t02.2. Surgery

the CS-reinforcement contingency. Briefly, the NAC is acti-

vated when the previously nonreinforced stimulusisfollowed  Rats were given an i.p. injection of diazepam (0.6 mg/kg)

by reinforcement. Since such activation leads to excessiveand 5min later were anaesthetized with i.p. injection of avertin

behavioral and cognitive switching5,63,67] it promotes (Q.Ql ml/g). They were placed in a stereotoxic frame and an.in-

a switch of responding according to the CS-reinforcement cision was made into the scalp to expose the sku!l. The vertlc_al

association. The CS-no event association acquired in preeX_coordl_nates of bregma and lambda were measured in order to align
. L s them in same (level head) plane. A small square of bone was re-

posure continues to control behavior in conditioning because

th itchi hani f the NAC is t v inhib moved over the spots where the electrodes would later enter. Bi-
€ switching mechanism ot the IS temporarily InNib-5i64) electrolytic shell and shell-core lesions were made using a

ited. o o 0.3 mm electrode, insulated except for the tip. A constant current
In terms of the switching model, the fact that rats with in-  pc source was used. Shell-lesioned rats were exposed to one an-

tact core (shell-lesioned) switch to respond according to the terior and one posterior lesion, bilaterally, using a 1 mA, 8s cur-
CS-reinforcement contingency (disrupted LI), whereas rats rent. Shell coordinates were: anteriet.7 mm anterior to bregma,
with intact shell (core-lesioned) continue to respond accord- 0.8 mm lateral to the midline, and 6.5 mm ventral to dura; poste-
ing to the CS-no event association (spared LI), suggests thatior —1.1 mm anterior to bregma, 0.8 mm lateral to the midline, and
in the intact brain: (a) the mechanism mediating switching to 6.5mm ventral to dura. Combined shell-core lesioned rats were ex-
respond according to the CS-reinforcement contingency in posed to an |d¢_ant|cal shell Ies_lon, a_nd in addition, to an anterior
the conditioning stage resides in the NAC core; and (b) the and ppsterlor bilateral cpre lesion usmg a 1 mA, 15s current. Core
core-based switching mechanism can be inhibited by the shellCOOIrOIInates were: anterief2.0 mm anterior to bregma, 1.8 mm lat-

: : . S : eral to the midline, and 6.5 mm ventral to dura; posteridr4 mm
[70-73} This raises two major predictions: (1) While rats anterior to bregma, 1.8 mm lateral to the midline, and 6.8 mm ven-

sustaining a shell lesion will not show LI, rats with a larger 4 1o duraj49]. Control (sham operated) rats underwent surgical
NAC lesion which includes a lesion to the core will sShow procedure identical to that of shell- or combined-lesioned rats, but

LI. (2) Rats with a combined shell-core lesion will persistin the electrodes were inserted 1 mm ventral to dura and no current
showing LI under conditions that disrupt the phenomenon in was passed. At the end of surgery, the hole in the bone was cov-
shame-lesioned rats. ered by sterispon and the scalp incisions were sutured by Michel

The present experiments were designed to test these preclips. Following surgery rats were returned to their home cages
dictions. Because lesion-induced abnormally persistent LI and.allowed 14 days of recovery before the initiation of behavioral
can be only manifested under conditions that normally dis- ©€sting:
rupt LI, we not only tested the effects of the NAC lesion
under conditions yielding LI in sham operated controls, but
also used two procedures which disrupted LI in sham rats, ) _

The effects of shell and combined shell-core lesions on LI were

namely, an increase in the number of conditioning trials and . ) . " .
y g tested in two procedures, thirst motivated conditioned emotional

acqntext change between preexposure ar!d conditioning. !Ex'response (CER) and two-way active avoidance. In each of these
periments 1 and 2 compared LI in rats with an electrolytic

. | . . procedures, we used conditions that yielded or disrupted LI in sham
shell lesion and a combined shell-core electrolytic lesion us- ¢ontrols. In the CER procedure, we manipulated the level of con-

ing th_e conditio_ns of restricted Conditioning and same context ditioning: 2 conditioning trials were used to yield LI, and 5 condi-
that yielded LI in sham controls. Experiments 3 and 4 tested tioning trials were used to disrupt LI. In the avoidance procedure
the effects of a combined shell-core electrolytic lesion on LI we manipulated contextual conditions: preexposure and condition-

2.3. Behavioral apparatus and procedures
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ing were conducted in the same context to yield LI, or in different tations of the flashing light with a fixed inter-trial-interval of 50 s,

contexts to disrupt LI. whereas the nonpreexposed rats were confined in theGmndi-
tioning: Allrats received 100 avoidance trials presented on a variable
2.3.1. Llin the CER procedure interval of 50 s ranging from 1 to 100 s. Each avoidance trial began

2.3.1.1. ApparatusCampden Instruments rodent test chambers with the flashing light stimulus followed by a 1 s shock, the stimulus

with a retractable bottle, each enclosed in a ventilated sound- Fémaining on with the shock. A crossing response to the opposite
attenuating chest. When the bottle was not present, the hole wascompartment during stimulus presentation terminated the stimu-
covered with a metal lid. The preexposed to-be-conditioned stimu- [US and prevented the delivery of the shock (avoidance response).
lus was a 10s, 80 dB, 2.8 kHz tone produced by a Sonalert module.A crossing response during shock terminated the stimulus and the
Shock was supplied through the floor by a Campden Instruments shock (escape response). If the animal failed to cross during the en-
shock generator and shock scrambler set at 0.5 mA intensity and 1 dire stimulus-shock trial, the stimulus and the shock terminated after
duration. Licks were detected by a Campden Instruments drinkome-11s. The number of avoidance responses was recorded in 10 trial

ter. Equipment programming and data recording were computer con-PIocks. LIis manifested as lower number of avoidance responses of
trolled. the preexposed as compared to nonpreexposed rats. In the same con-

text condition, the preexposure and conditioning stages were both
conducted in context A. In the different context condition, preexpo-
dsure was conducted in context B and conditioning was conducted
In context A.

2.3.1.2. ProcedureTen days prior to the beginning of the LI proce-
dure, rats were put on a 23 h water restriction schedule and handle
for about 2 min daily for 5 days. On the next 5 days, rats were trained
to drink in the experimental chamber for 5 days, 15 min/day. Wa-
ter in the test apparatus was given in addition to the daily ration of 2.4. Histology

1h given in the home cages. The LI procedure was conducted on

days 11-14 and consisted of four stages given 24 h dpa@xpo- Within a week after the completion of behavioral testing,
sure With the bottle removed, the preexposed rats received 40 tone rats were anaesthetized with an overdose of sodium pentobarbi-
presentations with an inter-stimulus interval of 40s. The nonpre- tal (60mg/kg, i.p.) and perfused intracardially via the ascending
exposed rats were confined to the chamber for an identical periodaorta with a solution of 0.9% NaCl (saline) at room temperature

of time without receiving the toneConditioning With the bottle for 5 min followed by 10% buffered formalin for 15 min (flow rate
removed, each rat received 2 or 5 tone-shock pairings given 5 min 35 ml/min). Their brains were then removed from their skulls and
apart. Shock immediately followed tone terminati&tetraining placed in 10% buffered formalin for at least 24 h. The brains were
Rats were given a 15 min drinking session as in initial trainiregt sectioned in the coronal plane using freezing microtome @tr60

Each rat was placed in the chamber and allowed to drink from the thickness. Every second section was mounted and stained with Cre-
bottle. When the rat completed 75 licks the tone was presented for syl Violet for histological examination. Verification of the placement
5min. Time to first lick, time to complete licks 1-50, time to com- and the extent of the lesions used the atlas of Paxinos and Watson
plete licks 51-75 (before tone onset), and time to complete licks [49].

76-100 (after tone onset) were recorded. Times to complete licks

76-100 were logarithmically transformed to allow analysis of vari- 2 5 statistical analysis

ance. Longer log times indicate stronger suppression of drinking.
LI consists of shorter log times to complete licks 76—100 of the

In the CER procedure, times to complete licks 51-75 (prior to
preexposed as compared to nonpreexposed rats.

tone onset) and mean log times to complete licks 76—-100 (after tone
onset) were analyzed using a two-way (Experiment 1) or three-
2.3.2. Llinthe avoidance procedure way (Experiment 3) ANOVA. In cases of significant interactions,
2.3.2.1. ApparatusCampden Instruments shuttle boxes withouta Tukey’s HSD post hoc comparisons were used to assess the dif-
barrier between the two compartments, each enclosed in a ventilatedference between nonpreexposed and the preexposed groups within
sound-attenuating chest. The preexposed to-be-conditioned stimu-each condition.

lus was a 10 s flashing-light generated from two light sources each  In the avoidance procedure, mean number of avoidance re-
located at the center of two walls, flashing at a rate of 1.3 Hz. Shock sponses was analyzed using a two-way (Experiment 2) or three-way
was supplied to the grid floor by a Campden Instruments shock (Experiment 4) ANOVA with a repeated measurements factor of 10
generator and shock scrambler set at 0.5mA intensity and 1s du-blocks. Significantinteractions were followed by one-way ANOVAs
ration. Equipment programming and data recording were computer with a repeated measurements factor of blocks comparing the non-
controlled. Two sets of boxes were used, one as context A and thepreexposed and preexposed groups within each condition.

second as context B. Each set of boxes was housed in a different

room in the laboratory. In addition, the two contexts differed in the

following respects: One set of boxes (A) had an odor produced by 3. Results

the addition of a small amount of eucalyptus oil to the tray located
below the grid floor, and the other set (B) had the odor produced by
cinnamon oil. In the latter boxes, the door was covered with black

and white checkered wallpaper and the grid floor was covered with ) . )
a wooden board. Fig. 1 presents representative reconstructions of shell (A)

and combined shell-core (B) electrolytic lesions in successive
2.3.2.2. ProcedureThe procedure consisted of two stages given Prain sections taken from the atlas of Paxinos and Watson

24 h apartPreexposureThe preexposed rats received 100 presen- [49].

3.1. Histological assessment
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Fig. 2. Means and standard errors of the logarithmically transformed times
(log times) to complete 25 licks after tone onset in the CER retention test
stage of the preexposed (PE) and nonpreexposed (NPE) sham, shell and
combined shell-core lesioned rats conditioned with two tone-shock pairings.
Asterisks indicate a significant differené@& 0.05,” p<0.01) between the

PE and NPE groups.

The six experimental groups did not differ in their times

Fig. 1. Representative reconstructions of shell (A) and shell-core (B) le- to complete 25 licks before tone onset (@t > 0.1; overall
sions in successive brain sections taken from the stereotaxic atlas of Paxinos o

and Watsorj49]. The black areas represent the maximal extent of neuronal mean A pe”Od =6.27 SEIg' 2presents the mean |Og timesto

damage in a single rat. complete 25 licks after tone onset of the preexposed and non-
preexposed rats in the three operation conditions: sham, shell,
3.1.1. Shell lesion and shell-core. As can be seen, LI was present in the sham-

The lesions obtained were oval in shape, the eIongationIESiO”ed rats. Shell lesion abolished LI but LI was present
being in the dorsoventral axis. The lesions extended from " rats with shell-core lesion. At\_/vo-w_ay ANO\_/A ‘_N_'th main
0.7 to 2.0 mm anterior to bregma, with maximal damage at factors of preexposure and lesion yielded significant main
1.2-1.8 mm anterior to bregma. In the mediolateral axis, the effects_of preexposure=(; 44)=30.29,p<0.001) and lesion
lesions extended, maximally, from 0.2 to 1.0 mm lateral to the (F(244=5.42,p<0.01), as well as a significant preexpo-

midline. Enlarged lateral ventricles and reduction of anterior SUT€x 1esion interaction K(2,44)=5.74, p<0.01). Tukey's
ventrolateral septum were detected in most of the rats. An 1SD post hoc comparisons yielded significant differences

additional damage to the islands of Calleja and the vertical P€tween the preexposed and nonpreexposed groups (indicat-

limb of the diagonal band was detected in some rats. ing the presence of LI) in the sham and shell-core conditions
(p<0.05 andp<0.01, respectively) but not in the shell con-

] ] dition.
3.1.2. Combined shell-core lesion
The lesion covered most of the NAC extending from about 5 5 o Experiment 2: the effects of shell and combined

0.5 to 2.4mm anterior to bregma, with maximal damage at gpe||_core lesion on LI in the avoidance procedure with
1.0-2.0 mm anterior to bregma. In the mediolateral axis, the g5 e context

lesions extended, maximally, from 0.2 to 2.4mm lateral t0 oy one rats were randomly allocated to six experimen-
the midline. Enlarged lateral ventricles, reduction of anterior groups f per group = 6-8) in a & 3 factorial design with

ventrolateral septum, and anterior commissure damage Wergy,ain factors of preexposure (preexposed, nonpreexposed)
observed in most of the rats. An additional damage to the 54 |esion (sham, shell, shell-core).

ventromedial caudate, the ventrolateral shell, or the olfactory Fig. 3presents the mean number of avoidance responses

bulb was detected in some rats. divided into 10 blocks of 10 trials, of the preexposed and
nonpreexposed rats in the three lesion conditions: sham (up-
3.2. Behavior per panel), shell (middle panel), and shell-core (lower panel).
As can be seen, LI was evident in the sham condition from
3.2.1. Experiment 1: the effects of shell and combined the 5th block onwards, and in the combined shell-core con-
shell-core lesion on LI in the CER procedure with 2 dition from the 3rd block onwards. In contrast, there was
conditioning trials no LI in the shell-lesioned rats. A two-way ANOVA with

Fifty rats were randomly allocated to six experimental main factors of preexposure and lesion, and a repeated mea-
groups 6 per group=38-9) in a 2 3 factorial design with surements factor of blocks, yielded a significant preexpo-
main factors of preexposure (preexposed, nonpreexposedyurex lesion interaction of the linear trendrg 35=4.37,
and lesion (sham, shell, shell-core). p<0.05), and a significant preexposuréesionx blocks
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]
L 4 Fig. 4. Means and standard errors of the logarithmically transformed times
g (log times) to complete 25 licks after tone onset in the CER retention test
c 2 stage of the preexposed (PE) and nonpreexposed (NPE), sham and combined
& *f NPE-Shell shell-core lesioned rats conditioned with 2 or 5 tone-shock pairings. Aster-
o} —e— PE-Shell s A, . s - :
= 0 » T T r ! isks indicate a significant differencep< 0.05,” p<0.01) between the PE
0 2 4 6 8 10 and NPE groups.
10 1 The eight groups did not differ in their times to complete
o ; /g\ﬂ__a 25 licks before tone onset (gils >0.1; overall mean A pe-
] L riod =4.75 s)Fig. 4 presents the mean log times to complete
6 24 25 licks after tone onset of the preexposed and nonpreex-
) posed groups in the sham-2 pairings, sham-5 pairings, shell-
44 core-2 pairings and shell-core-5 pairings conditions. As can
be seen, LI was present in sham and shell-core rats con-
2 - —*— NPE-Shell-Core L. . . . e . .
PE-Shell-Core ditioned with 2 trials. With 5 conditioning trials, LI was
0 T T T T 1 disrupted in sham but not in shell-core rats. A three-way
0 2 4 6 8 10 ANOVA with main factors of preexposure, lesion and level of
Bolcks of 10 trials conditioning yielded significant main effects of preexposure

o 3 M ber of avoid ted in 10 blocks of 10([:(1,43): 25.52,p<0.001), lesion E(1,43): 6.14,p<0.05),
1g. . Mean number ol avoldance responses presented in OCKS O s H -
trials of the preexposed (PE) and nonpreexposed (NPE) sham (upper panel)and level of conditioningRy1 43=11.16,p<0.01), as well

shell (middle panel), and combined shell-core (lower panel) lesioned rats f"‘s a sig_nificant preeXpOSUXdeSionx Ievel, of conditioning
preexposed and conditioned in the same context. interaction £ 43)=4.67,p<0.05). Tukey’'s HSD post hoc
comparisons yielded significant differences between the pre-

. . d and d indicati f
interaction Egs.s15= 2.54,p<0.001). One-way ANOVAS exposed and nonpreexposed groups (indicating presence o

) ._LI) in the sham-2 pairings, shell-core-2 pairings and shell-
with a repeated measurements factor of blocks comparing ore-5 pairings conditionsp& 0.05,p<0.01 andp<0.01
the number of avoidance responses of the preexposed anﬁ?espectively) but not in the sham-;s pairings condition '
nonpreexposed groups within each lesion condition sepa- ' '
rately, yielded a significant preexposwdlocks interaction
in the sham conditionH(g,117)=2.37,p<0.05), a preexpo-
surex blocks interaction that approached significance in the
combined shell-core conditioffr g 117)=1.83,p<0.07), and
no significant outcomes in the shell condition.

3.2.4. Experiment 4: the effects of a combined shell-core
lesion on LI in the avoidance procedure with context shift
Fifty-three rats were randomly allocated to eight exper-
imental groupsrf per group=6-7) in a 2 2 x 2 factorial
design with main factors of preexposure (preexposed,
nonpreexposed), lesion (sham, shell-core) and context
3.2.3. Experiment 3: the effects of a combined shell-core  (same, different).Fig. 5 presents the mean number of

lesion on LI in the CER procedure with 2 or 5 avoidance responses, divided into 10 blocks of 10 trials

conditioning trials each, of the preexposed and nonpreexposed sham (upper
Fifty-one rats were randomly allocated to eight experi- panel) and shell-core (lower panel) lesioned rats preexposed

mental groupsr(per group =6—7) ina 2 2 x 2 factorial de- and conditioned in the same or in different contexts. As can

sign with main factors of preexposure (preexposed, nonpre-be seen, LI was evident in the sham-same context condition
exposed), lesion (sham, shell-core) and level of conditioning from the 1st block onwards, and was absent in the sham-
(2 pairings, 5 pairings). different context condition from the 2nd block onwards. In
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Blocks of 10 trials

Fig. 5. Mean number of avoidance responses, presented in 10 blocks of
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in the avoidance procedure if preexposure and conditioning
took place in the same context, but not if the two stages took
place in different contexts. In line with previous studies using
electrolytic or excitotoxic lesion28,65,72,73]lesion to the
shell subterritory of the NAC abolished LI in both the CER
and the avoidance procedures. As predicted, the LI effect was
preserved in rats that sustained a larger NAC lesion that in-
cluded a lesion to the core in addition to the same shell lesion,
replicating previous results with entire NAC lesigig]. Fur-
thermore, rats with a combined shell-core lesion persisted in
exhibiting LI under the two conditions which disrupted the
phenomenon in sham controls, namely, extended condition-
ing in the CER procedure and different context in the avoid-
ance procedure. Importantly, neither shell nor entire NAC
lesion affected fear conditioning or avoidance performance
in the nonpreexposed rats. Thus, both shell lesion-induced
loss of LI and NAC lesion-induced persistence of LI were
due to the lesions’ action on the preexposed groups, where
the CS signals conflicting associations.

The finding that shell and combined shell-core lesion pro-
duced distinct effects on LI demonstrates that both NAC sub-
regions play a role in LI. This conclusion is consistent with
data showing that LI was associated with DA responses in
both the dorsomedial shell and the core, and that these DA
LI-related responses were distinct in the two NAC subregions

10 trials, of the preexposed (PE) and nonpreexposed (NPE), sham (uppel26]. At the same time, h_owev_er, our results showed that LI
panel) and combined shell-core (lower panel) lesioned rats, preexposed andloes not depend on the integrity of the NAC, because it was

conditioned in the same or different contexts.

contrast, shell-core lesioned rats showed LI in both the same
and different contexts. A three-way ANOVA with main

present in NAC-lesioned rats even under conditions disrupt-
ing the phenomenon in normal rats. This indicates that the
NAC is not involved in the associative processes underly-
ing the acquisition of LI (acquisition of the CS-no event and

factors of preexposure, context and lesion and a repeatedCS-reinforcement associations) but rather modulates the ex-

measurements factor of 10 blocks, yielded significant main
effects of preexposureF(; 45=5.85,p<0.05) and lesion
(F(1,45=12.75,p<0.0001), as well as significant preexpo-
surex contextx lesion (1 45=11.22,p<0.01) and preex-
posurex contextx lesionx blocks E(g,405=2.11,p<0.05)
interactions. One-way ANOVAs with a repeated measure-
ments factor of 10 blocks comparing the number of avoidance

pression of LI. Moreover, an analysis of the effects produced
by shell and NAC lesions allows several speculations on the
contribution of the two NAC subregions to such modulation.
Disruption of LI in shell-lesioned rats indicates that this
subregion mediates the behavioral expression of the CS-no
event association. Although LI disruption in shell-lesioned
rats could reflect impaired acquisition of the CS-no event

responses of the preexposed and nonpreexposed animalgssociation, this was ruled out by the finding that LI was re-

within each context by lesion condition separately, yielded a
significant main effect of preexposure in sham-same context
(F(1,12)=5.48,p<0.05) and in shell-core-different context
(F(1,11)=17.40,p<0.01) conditions, and a main effect of
preexposure that approached significanég §)=4.03,
p<0.08) in the shell-core-same context condition.

4. Discussion

instated by an addition of core lesion to the shell lesion. Thus,
shell-lesioned rats were able to acquire the CS-no event asso-
ciation butthis association could not be expressed in behavior.
Instead, shell-lesioned rats switched to respond according to
the CS-reinforcement association. This suggests that shell le-
sion disrupted a mechanism that normally inhibits switching
to respond according to the CS-reinforcement association.
The fact that such switching was prevented in rats sustain-
ing a combined shell-core lesion suggests that lesion to the
core disrupted a mechanism that mediated switching in shell-

Sham-lesioned rats that received 40 tone preexposures ifesioned rats. This received strong support by the findings that

the CER procedure showed LI if they were subsequently
conditioned with two tone-shock pairings, but not if the
same number of preexposures was followed by five tone-
shock pairing$15,57] Consistent with the well documented
context-specificity of L[39], sham-lesioned rats showed LI

rats with a combined shell-core lesion persisted in responding
according to the CS-no event association under the two con-
ditions in which sham rats switched to respond according to
the CS-reinforcement association. We have recently shown
that rats sustaining a selective excitotoxic core lesion also
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exhibited persistent LI under the two conditions tested here, ciative, motivational and contextual knowledge underlying
further supporting the notion that an intact core contains the this operation is derived from regions afferent to the NAC
mechanism controlling the behavioral expression of the CS-[2,11,14,16,30,47,54,56Tonsistent with this notion, the ef-
reinforcement association [unpublished observations]. Thefects of lesions found here are paralleled by effects of lesions
latter result taken together with the present results further in- to three of the major sources of input to the NAC: excitotoxic
dicates that shell lesion is able to cause switching to respondlesion as well as functional blockade by TTX of the entorhi-
according to the CS-reinforcement contingency (disrupt LI) nal cortex, like shell lesion, disrupt b—8,27,61,76,77]
only if the core is intact: if the core is lesioned, LI is present suggesting that normally this region conveys the “CS-no
whether the shell is lesioned (entire NAC lesion) or intact event” information; excitotoxic lesion as well as muscimol
(core lesion alone). This implies that normally the shell can inactivation of the hippocampus, like NAC lesion, spare LI
inhibit core-mediated responding to the CS, and that this is [6,22,23,61]and eliminate the influence of context change on
the mechanism by which the shell enables the expression ofLI [22,23], consistent with the role of this region in contextual
the CS-no event association in behavior. processind12,52] and lesion to the basolateral amygdala
Much data suggests that the shell is involved in the at- spares LI and eliminates the effects of strong conditioning
tribution of motivational valence to stimuli or in mediat- [57,74] consistent with its role in reinforcement and motiva-
ing/potentiating responding in the presence of motivationally tional processe$6,60]. These data are in line with evidence
significant stimuli, whereas the core mediates the behavioralthat the NAC integrates associative, motivational and con-
expression of motivated or conditioning-dependent behaviorstextual information from various input regions to influence
[5,10,25,30,48] The present results are consistent with this response selection, i.e., choosing or switching between com-
gross functional distinction, but they suggest that the shell peting behaviors. The convergence of glutamate-coded inputs
may also mediate the motivatioriakignificanceof stimuli, from limbic regions processing affective and contextual in-
andinhibit responding to such stimuli. formation and their modulation by dopamine atthe NAC level
We suggest that the two subregions act in tandem to have often been suggested to play a key role in the ability to
produce the response appropriate to the CS-no event orswitch between behavioral repertoires in response to chang-
the CS-reinforcement association depending on the degredng environmental contingenci¢$4,16,24,30,47,48,50A
of mismatch between the conditions of preexposure androle of NAC DA-mediated switching in LI is supported by
conditioning. Under conditions of low mismatch between findings that LI disruption requires phasic DA release within
the conditions of preexposure and conditioning (here, samethe NAC, whereas LI expression is associated with a re-
context, weak conditioning), shell inhibits the switching duction of NAC DA release in the shell or with DA block-
mechanism of the core, so that the CS-no event associatiorade/depletion within the NA(26,29,44] Given that afferent
gains control over behavior. Under conditions of high activity from the basolateral amygdala and the hippocam-
mismatch between the conditions of preexposure and con-pus can increase DA release in the NfI2,36,37,43,51]
ditioning (here, different context and strong conditioning), whereas functional BLA inactivation prevents an increase
shell’'s inhibition is removed, allowing the expression of the in core DA releas¢35], it may be suggested that informa-
CS-reinforcement association. tion on the impact of reinforcement and context relayed from
The finding that NAC-lesioned rats failed to switch be- these regions to the core, would act simultaneously to direct
havior under conditions in which sham-lesioned rats did so, switching in the NAC core and to facilitate such a switch by
is consistent with other demonstrations of loss of flexible re- increasing DA release in this region. The latter can be coun-
sponding in core-lesioned rd&25]. In addition, the factthat ~ teracted by the switch-inhibiting information of CS-no event
NAC lesion eliminated the influence of strong conditioning channeled from the entorhinal cortex via the shell to the core.
and context change on performance indicates that normally,One pathway via which information from the shell can reach
NAC-mediated responding to the CS is modulated by moti- the core is the shell’'s inhibitory projections to the regions
vational and contextual information. The NAC has been of- of ventral tegmental area, which innervate the core and the
ten suggested to play a key role in modulating responding latter’s DA projections to the cof@0,46,79] It is suggested
to stimuli to reflect the value of their associated outcomes that via these projections, the shell can attenuate DA input to
[2,47,59,60] and NAC lesions impair performance in a vari- the core, thus preventing the switch to the CS-reinforcement
ety of tasks in which reinforcement contingencies or reward association and allowing the expression of the CS-no event
values are altered, such as extinction and reversal learningassociation.
[1,5,13,53,64] Although there has been less focus on the  In sum, our results show that the NAC is not essential for
involvement of the NAC in modulating behavior based on theacquisitionof LI, because LI is present in NAC-lesioned
contextual information, electrophysiological and behavioral rats even under conditions disrupting the phenomenon in nor-
studies indicate that this region processes information aboutmal rats, but rather plays a key role in modulatingeiRpres-
context[21,33,34,55,66,75]0ur results support the role of  sionof LI. Moreover, they suggest that the two subregions
NAC in context-dependent modulation of behavior. of the NAC contribute competitively and cooperatively to
It is generally accepted that the NAC is involved in mod- this process, selecting the response appropriate to the CS-no
ulating the expression of motivated behavior, but the asso-event or the CS-reinforcement association in conditioning,
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depending on situational conditions. Apparently, the main
role of the NAC is to restrict the expression of LI to certain
conditions, and thus to ensure that LI is flexible and respo

sive to environmental demands. It is important to emphasize
that in the absence of modulatory mechanisms responsible

for restricting the expression of LI to specific conditions, the

effects of inconsequential stimulus preexposure would have
been extremely robust and maladaptive, generalizing acrosd!4l
contexts and counteracting the expression of subsequent con-

ditioning to the stimulus. Because LI is believed to reflect

robiological aspects of emotion, memory & mental dysfunction. New
York: Wiley-Liss; 1992. p. 401-29.

n- [12] Fanselow MS. Contextual fear, gestalt memories, and the hippocam-

pus. Behav Brain Res 2000;110:73-81.

[13] Ferry AT, Lu XC, Price JL. Effects of excitotoxic lesions in the ven-

tral striatopallidal—thalamocortical pathway on odor reversal learn-
ing: inability to extinguish an incorrect response. Exp Brain Res
2000;131:320-35.

Floresco SB, Blaha CD, Yang CR, Phillips AG. Modulation of hip-
pocampal and amygdalar-evoked activity of nucleus accumbens neu-
rons by dopamine: cellular nechanusms of input selection. J Neurosci
2001;21:2851-60.

psychological processes that are impaired in schizophrenig[15] Gaisler-Salomon I, Weiner I. Systemic administration of MK-

[70], and schizophrenia patients can exhibited disrupted or

excessively strong LJ4,18], the identification of brain re-

gions whose damage leads to disrupted versus persistent LhG]
in the rat may provide valuable cues on dysfunctional brain

circuits in schizophrenia.
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