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The reinforcement omission effect on behavioral repertoire
of rats with lesions in the basolateral complex and

central nucleus of the amygdala
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Reinforcement omission has been used as a procedure for the evaluation of attentional and motivational processes. Studies show
that the activation of some amygdala nuclei may be involved in the modulation of these processes. This study examined the
reinforcement omission effects on behavioral repertoire of rats with lesions in the central nucleus and basolateral complex of
the amygdala, using classical conditioning and non-contingent reinforcement schemes. Each trial constituted of a 20 second
tone, always followed by the delivery of water, in the 19" second. In the sessions involving omission, the water was delivered in
half of the trials. The results showed that all groups responded to the omission and only the Basolateral group showed effect in
the “Rearing” category, in the period after the omission. These results highlight the need to consider the involvement of a more
complex neural network for evaluation of these effects.
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O ¢feito da omissao de reforco no repertorio de ratos com lesio no complexo basolateral e no niicleo central da amigdala

A omissdo de reforgo tem sido usada como procedimento de avaliagio dos processos atencionais e motivacionais. Estudos mostram
que a ativacio de alguns nicleos da amigdala pode estar envolvida na modulagéo destes processos. O presente trabalho examinou
os efeitos da omissdo do refor¢o no repertério comportamental de ratos com lesdes no nucleo central e complexo basolateral da
amigdala, utilizando-se de esquemas de condicionamento classico e reforcamento nao-contingente. Cada pratica constituia de um
sinal sonoro de 20 segundos, sempre seguido da liberagdo de agua, no 19° segundo. Nas sessdes que envolviam omissdo, a agua
era liberada em metade das praticas. Os resultados mostraram que todos os grupos responderam a omissao e somente o grupo
Basolateral apresentou efeito na categoria “Levantar-se”, no periodo apos a omissao. Estes resultados apontam a necessidade de
se considerar o envolvimento de uma rede neural mais complexa para avaliagdo destes efeitos.

Palavras-chave: omissdo de reforgo, repertério comportamental, nicleo central da amigdala, complexo basolateral da amigdala.

Introduction between the animal’s performance immediately af-
ter nonreinforcement (N) and after reinforcement

The reinforcement omission effects (ROEs), (R), has traditionally been interpreted in terms of

which are described through the differences found one among two factors: (1) momentary facilitation

after N induced by primary frustration, i.e., an
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increase in the intensity of the animal’s response
after the non-reinforced trial due the non-occur-
rence of an expected event; (2) momentary sup-

1 The data of this research were partially presented in the pression after R induced by a post-consummatory
Master’s Dissertation by Eduardo de Freitas Bernardes. state, 1.e., decrease in the intensity of the animal’s
This research is a continuation of the approach used in response after the reinforced trial due to demoti-
the Ph.D. Thesis by J. L. O. Bueno under the advisement vation caused by the consumption of the reinfor-
of César Ades, which introduces in traditional behavioral cement (Staddon, 1974; Stout, Boughner & Papi-

studies of rats in experimental boxes the observation
of categories of the animal’s behavioral repertoire and
discusses the data in terms of ethological concepts, in
particular the reinforcement-induced behavior. The focus

of this research is the study of the reinforcement omission : ; o
effects, employing this psychoethological strategy.. a variety of behaviors (Bueno, 1977; Papini & Du-

ni, 2003). The reinforcement omission results in a
series of effects that are followed by a variety of
physiological consequences, and affect the induc-
tion, maintenance, facilitation and suppression of
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dley, 1997), being a indicator of attentional and
emotional processes.

Amsel and Roussel (1952), for example, re-
ported that rats run faster on a second runway im-
mediately after reinforcement omission in the goal
box of the first runway, than after reinforcement in
the same goal box. The authors suggested that there
is a behavioral facilitation after N due to a frustration
effect, and explained this effect as reflecting motiva-
tional reaction of behavior induced by a surprising
non-reward. On the other hand, Seward, Pereboom,
Butler, and Jones (1957) suggested that the ROEs
would not be due to an increase in the speed after N,
but a decrease in this speed after R. According to the
authors, the food consumption (reinforcement) could
induce a transient decrease in motivation to feed.

There are, however, alternative explanations
for ROEs that are not only based on motivational
consequences. Staddon and Innis (1969), for exam-
ple, suggested an explanation to the ROEs in terms
of reinforcement discriminatory effects. The authors,
using fixed-interval (FI) schedules, showed that rein-
forcement omission produced a reduction in waiting
time and a subsequent increase in the response fre-
quencies during the next interval. According to Sta-
ddon (1974), the animal learns to not respond when
the reinforcement is not available, and thus, by time
conditioning learns to not respond in the time period
immediately after the delivery of the reinforcement.
Consequently, reinforcement acquires a temporal
inhibitory control. In this way, the apparent increase
in response rates followed by reinforcement omission
would result from the removal of the reinforcement
inhibitory properties and not due to motivational
processes. According to Staddon (1974), the tem-
poral inhibitory control acquired through reinforce-
ment depends on memory and attention properties.

Bueno (1977) studied the ROEs without the
procedural limits involving runways or conditions
of operant conditioning. The author used a non-
-contingent reinforcement procedure, registering
changes in the rat’s behavioral repertoire categories
after reinforcement omission. In this experiment,
each trial consisted of the presentation of a con-
ditioned stimulus (tone) of 20 seconds, followed by
the delivery of an unconditioned stimulus (water)
in the 19" second of the tone presentation. When
partial reinforcement was introduced, the analysis
of the behavioral repertoire during the period af-
ter the delivery of reinforcement (post-signal) sho-
wed that the rats presented an increase in the rate
of responses directed towards the magazine and a
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decrease in exploratory responses. Right after rein-
forcement omission, the rats showed levels of ex-
ploratory type activity greater than those presented
in the post-signal periods after delivery the reinfor-
cement. Therefore, after reinforcement omission,
the rats did not show increased responses neither
directed to the magazine nor continued to respond
as they did before the reinforcement. The author
concludes that such effects cannot be indicated by
the same generic index of motivational state, since
they may be referring to distinct motivational phe-
nomena, which require specific analysis. Therefore,
the ROEs must maintain both the motivational/
emotional properties and the attentional proper-
ties (Judice-Daher, Tavares & Bueno, 2011; Bueno,
Judice-Daher & Tavares, 2013).

A possible structure in the nervous system,
which could be related to the ROEs would be the
amygdala (Figueiredo, 2005). There is evidence su-
pporting the hypothesis that the amygdala is also
involved in the modulation of long-term memory
storage (McGaugh, Cahill & Roozendaall, 1996).
Other studies point to evidence of the role of the
amygdala in processing positive emotions, including
learning about the beneficial biological value of sti-
muli (Baxter & Murray, 2002), aspects of associati-
ve learning motivated by food and functions often
characterized as attentional (Holland & Gallagher,
1999). Each of these functions depends on the indi-
vidual subsystems of the amygdala, as well as their
connections with other brain systems.

Several studies point out the role of the cen-
tral nucleus of the amygdala (CeA) in attentional
processes, using classical conditioning procedures
(Holland & Gallagher, 1999; Holland, Han & Galla-
gher, 2000; Holland, 2006; Holland, 2007). Accor-
ding to Lindgren, Gallagher and Holland (2003),
the basolateral complex of the amygdala (BLA) is
important for the modification of the motivational
significance of events linked to associative learning.
Studies have highlighted the role of the BLA and the
CeA in the formation and expression of associations
between sensory stimuli and reinforcement (Knap-
ska et al., 2008; Tye & Janak, 2007).

Bueno, Judice-Daher and Tavares (2012)
examined whether the mechanisms underlying the
ROEs would depend on motivational and attentio-
nal properties attributing to the activation of the
BLA and CeA, respectively. Thus, the ROEs were
examined in rats with selective lesions of CeA or
BLA and subjected to a fixed-interval schedule (FI
60 min.; Experiment 1) and a fixed-interval with
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limited-hold signaled schedule (FI 8s LH 2s; Expe-
riment 2). The results from Experiment 1 showed
that the group of rats with CeA and BLA lesions, as
well as the rats in the sham-operated group, showed
increased response rates in intervals following rein-
forcement omission. On the other hand, the results
from Experiment 2 showed that, although the group
of rats with CeA and BLA lesions showed increased
response rates in periods following reinforcement
omission, this increase was smaller than those pre-
sented by rats in the sham-operated group. Thus,
selective lesions of the amygdala interfered with the
ROEs when the partial reinforcement was introdu-
ced in the fixed interval with limited-hold signaled
schedule, but not in the fixed interval schedule.

More recently, Judice-Daher, Tavares and Bue-
no (2012) examined whether the underlying mechanis-
ms for ROEs would depend on the different motivatio-
nal properties attributed to BLA and CeA activation.
In this study; lesions of the CeeA covered a greater area
than in the Bueno et al. study (2012), in which the le-
sions were made to reach a subregion of CeA related
to attention (Holland &Gallagher;, 2003). The authors
examined whether lesions in the BLA or CeA may in-
terfere with the ROEs employing FI 12s LH 6s signaled
schedules and different magnitudes of reinforcements.
The results showed that the response rate of rat groups
with BLA and CeA lesions was higher after reinforce-
ment omission of smaller magnitude than that obser-
ved In rats in their respective sham-operated group.
Thus, the lesions of CeA or BLA interfered with the
ROEs when smaller magnitude reinforcement was
omitted. The results also showed that the rats from all
experimental groups, except the rats from the group
with lesion of the BLA, showed a higher response rate
after the larger reinforcement omission magnitude than
after the smaller one.

Bueno, Tavares and Judice-Daher (2012) used a
FI 6s LH 6s signaled schedule to examine whether iso-
lated lesions of the BLA or CeA and also larger lesions
of the amygdala might affect the ROEs. The results of
this study showed that (1) the large neurotoxic lesions
of the amygdala (involving both the BLA and the CeA)
eliminated the ROEs; (2) bilateral lesions of the BLA
seem to make the rats more sensitive to reinforcement
omission; the response rates of rat groups with lesion
of BLA were higher after the reinforcement omission
than those observed in the sham-operated group; and
(3) the bilateral lesions of CeA did not interfere with
the ROEs. According to Judice-Daher et al. (2012), the
larger lesion of the amygdala, involving both the CeA
and the BLA, eliminated the ROEs, because it may
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have affected a larger number of connections between
the amygdala and other structures that may also be in-
volved in the modulation of ROEs. These connections
may have been preserved when the BLA and CeA were
damaged in isolation.

These combined results suggest that nuclei
of the amygdala are involved, somehow, in the mo-
dulation of ROEs. However, it is necessary to con-
sider the involvement of a more complex neural
network for evaluation of ROEs, such as the involve-
ment of connections between the CeA and the BLA
with other brain structures (Bueno et al., 2013).

Bueno (1977) showed the relevance of em-
ploying analysis of changes in the behavioral reper-
toire as an adequate strategy for describing the ROEs.
However, the lesion effect of different nuclei of the
amygdala regarding ROEs employing non-contingent
reinforcement and omission of reinforcement within a
Pavlovian context has not yet been sufficiently explo-
red. From this perspective, the effects of the lesion of
the BLA and CeA on the ROEs, measured from beha-
vioral repertoire observation, could widen understan-
ding of how these areas participate in the modulation
of ROEs. Thus, the present study aimed to analyze
the ROEs regarding the behavioral repertoire of rats
with lesions in the CeA and BLA, within a Pavlovian
context, using a procedure of non-contingent reinfor-
cement. With this procedure, it was possible to evalu-
ate how such structures are organized and, also, how
these could serve as an clearer indicator of attentional
and motivational components that are expressed throu-
gh changes in the animal’s behavioral repertoire. The
evaluation of emotional or attentional type responses
could serve as an indicator, since they are defined re-
garding functionality and are not restricted to just one
bar-pressing response. This analysis was performed by
taking a group of behavioral categories as an object
of study, analyzing the relevant characteristics of the
behavioral repertoire of the animal that has been sub-
jected to a reinforcement omission procedure. Throu-
gh this study; it was possible to assess whether lesioned
structures can provide indications of attentional and
motivational processes in a rat, which can be achieved
through the recording of its behavioral repertoire.

Materials and Method

Subjects

36 experimentally naive male Wistar rats,
bred in the Central Colony Room of the University
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of Sao Paulo in Ribeirdo Preto, averaging 450g each
and approximately 90 days old at the beginning of
the experiment were used. The laboratory colony
room in which rats were housed was maintained at
an average temperature of 22°C, with the lights kept
on daily from 06:30 to 18:30. The experimental ses-
sions took place from 18:30.

Equipment

The behavioral training equipment consisted
of 8 experimental boxes (Lafayete model), measuring
20x20x23cm. Each box had lateral walls and a floor
(barred) made of stainless steel, front wall, back covered
with black cardboard, acrylic roof and a recessed wa-
ter magazine positioned in the center of the left lateral
wall. These boxes were inserted into wooden isolation
boxes located on shelves inside a cubicle lined with
acoustic Eucatex so as to insulate the boxes from ex-
ternal noise. Ambient lighting (red light) was placed on
the roof of the experimental boxes and speakers (20W)
producing a tone of 1000 Hz and 30dB were installed
within each isolation box. Ambient light (as well as on
the bottom of the box) was also covered with black car-
dboard so that the filming was not impaired. A minica-
mera was installed on the front side of each box (model
VT1-786 CCD DN) that filmed the animal’s behavior
during the session. A video card and a monitoring pro-
gram were responsible for the recording and storage of
data. The experimental control was performed by an
interface developed in the Laboratory of Associative
Processes, Temporal Control and Memory; and a com-
puter automatically triggered the mechanisms of rein-
forcement and of stimulus according to a program that
had been prepared especially for this experiment. The
equipment used for neurosurgery and histology was a
stereotaxy apparatus (model David Kopf).

Procedure

The 36 rats were distributed randomly into
three groups: Sham-operated (12 animals), lesion of
the Central nucleus (12 animals) and lesion of the
Basolateral complex (12 animals).

Magazine training and habituation phase

The animals were subjected to daily handling that
consisted of removing them from the cage, held on an
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experimenter’s arm for one minute, put on a tray for wei-
ghing for approximately 15 seconds and finally introduced
to the housing cage. Then the animals were subjected to a
regime of water deprivation during which they were kept
at 85% of their ad libitum body weight.

During the habituation phase, there was a sin-
gle 30-minutes session of adjustment during which
the mice were able to explore the experimental box.
There were also two training sessions at the magazine
for a 20 minutes duration or 30 water-delivery trials
(whichever occurred first), during which the animals
received water every time they had their snout facing
the magazine and, in order to receive water again,
they had to move away from the magazine.

During the training phase (acquisition and
omission), 28 daily sessions were performed, divided
into pre and post-lesion training, under two condi-
tions (100% and 50%).

Pre-lesion training

Regarding the trials, each consisted of the
presentation of 20 seconds of tone. Approximately
lcc of filtered water was delivered in the 19" second
of the sound stimulus presentation. This 100% rein-
forcement condition (R) was common in all groups
at this stage. In total, 20 sessions were performed.

Post-lesion training (retraining)

After the pre-lesion training phase, the ani-
mals had an ad libitum diet to reach the ideal weight
and thus were subjected to surgery. After the post-
-surgical recovery period (about 14 days), the ani-
mals were again subjected to a deprivation regime
to reach the ideal weight. Two sessions of retraining,
in the same pre-lesion phase condition, were perfor-
med for all groups.

Post-lesion training

In the 50% condition (R and N), following
the same conditions as the trials in the 100% group,
the water was delivered at the end of only half of
the tone presentations. The reinforced (50%-R) and
nonreinforced (50%-N) events were randomly distri-
buted during the sessions. This condition was valid
for all the groups. Six sessions were held during the
post-lesion phase.
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Recording of behavioral categories

The behavioral categories were recorded at
all phases of the experiment. The category system
used for describing the behavioral repertoire is in ac-
cordance with the catalog employed in Bueno’s ex-
periments (1977). In this study, such categories were
grouped as follows:

Category of behaviors directed towards the magazine

Near magazine sitting: the animal, when
stationary, remains with its snout in a defined region
of 3cm in distance from the magazine.

Magazine sniffing: when stationary, the
animal presents whisker and nose movements, ac-
companied or not by head movements. The animal
remains with its snout in a defined region of 3cm in
distance from the magazine.

Magazine licking: the animal licks the ma-
gazine, when stationary.

Category of exploratory type behaviors

Near magazine sniffing: when the animal
keeps both forefeet on the middle of the box floor
area next to the magazine; however, this category is
not recorded when the animal sniffs its magazine.

Far from magazine sniffing: when the
animal keeps both forefeet on the middle of the box
floor opposite the magazine.

Rearing: the animal lifts the frontal region
of the body, taking the forefeet off the ground, which
may or may not be supported on the box walls. The-
se movements are accompanied by head, nose and
whisker movements.

Locomotion: with the torso off the floor,
the rat performs movements with its four feet (up
and down to support itself at another point on the
ground) in a coordinated manner that results in body
movement across the box floor.

Sitting: The animal keeps four supporting
feet on the floor. It may keep its forefeet extended
and the ventral torso region off the floor, or its feet
and ventral torso region touching the floor.

Grooming: these activities can be of 3 types:
(a) the animal licks or nibbles limited areas of the
body; (b) the animal lifts a foot from the floor and
rubs a surface area of its own body (scratching); or (c)
keeping its forefeet off the ground, close to the mou-
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th, licks them, these are then moved to the dorsal
region of the head and finally the animal rubs them
over the dorsal region towards the ear-nose.

Other: behaviors not covered in the above
categories. For example: yawning.

Surgical Procedure

The animals were anesthetized by intraperito-
neal injection. The anesthetic was composed of a mix-
ture of 0.8 ml of ketamine hydrochloride (0.028 mg/
ml) and 0.7 ml xylazine (3.33 mg/ml). Each mouse
received 0.1 ml of anesthetic for each 100 g of body
weight. 12 rats received bilateral lesions of the BLA
using the following stereotactic coordinates: AP -3.7;
ML +- 5.2; DV -8.0 e -8.3. The lesions in the BLA
were made using 12.5 mg/ml of N-Methyl-D-aspartic
acid (NMDA), infused with a 5 pl Hamilton syringe at
arate of 0.1 ml/min.; 0.2 pl at the deeper site and 0.1
pl at the shallower site. Six sham-operated rats (BLA)
received the same surgical treatment, with the excep-
tion that the solution was not infused. 12 rats received
bilateral lesions of CeA, using the stereotactic coordi-
nates AP-3.2; ML +-4.6; DV-7.7. The lesions of CeA
were made using 0.25 ml of 10 mg/ml of ibotenic acid,
infused with a 5 ul Hamilton syringe over a period of
2 min, being 0.25 pl per lesioned point. Six sham-ope-
rated rats (CeA) received the same surgical treatment,
with the exception that no solution was infused. After
the surgery, all the rats received a single subcutaneous
injection of Banamine anesthetic (2.5 mg/ml; 0.1 ml
per 100 g body weight). At the end of the post-lesion
stage, the rats were killed by suffocation in carbon dio-
xide. Then, their encephala were removed from the
craniums and went through a post fixing process in for-
malin (10%). After 24 hours, the brains were transfer-
red to sucrose (30%) where they remained for over 48
hours. The 40 pm coronal histological cuts were made
in the cryostat, collected in histological slides and trea-
ted using the cresyl violet staining method.

Data analysis

The images of the data referring to the res-
ponse categories were archived on the computer
on which the experiments were executed for later
transcription and analysis, through the monitoring
system of the program. To ensure the reliability
of the collected data, two independent observers
recorded the behavioral data in each experiment.
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At least one observer did not know of the history
of the conditioned rats. The data were recorded
using the behavioral categories with the observers
having to concur with at least 90% of the joint
observations. With respect to the recording of
behavioral observation, along with their duration,
response categories from all the subjects in the
different phases were evaluated. The behavioral
changes were verified through the differences in
the duration of each response category between
the groups and periods. The results were subjected
to Friedman and Wilcoxon tests to check for pos-
sible intragroup differences. For intergroup analy-
sis, the results were subjected to Kruskall-Wallis
and Mann-Whitney tests. A significance index of
p<0.05 was used for all analyses.

Results

Histological results

One of the 12 rats subjected to surgery from the
sham-operated group died. Of the 12 rats sujected to
surgery for lesion of the BLA, three died during surgery
and four were not included in the analysis of behavio-
ral data due to showing very small BLA lesions. The
lesioned rats included in the analysis presented lesions
of the anterior and medial portions of the BLA. In no
case did any animal subjected to lesion of BLA present
lesions of the CeA. Of the 12 rats subjected to surgery
for lesion of the CeA, one died and two were not inclu-
ded in the analysis of behavioral data after presenting
a unilateral lesion of the CeA. The nine lesioned rats
included in the analysis presented lesion to the anterior
portion of the CeA and in no case did any of these
animals show a lesion of the BLA.

Behavioral results

The data are presented in the figures using
average durations of the subject’s behavioral catego-
ries in order facilitate the reading of the tendencies,
but the result description only considers the differen-
ces identified as significant by statistical treatment.
As there were no statistically significant differences
between groups or phases in previous periods, the
data presented here only refers to the post-lesion
phase. Data from the last six sessions of training in-
dicate the effects of ROEs.
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The presented figures are averages of dura-
tion (in seconds) of the behavioral categories during
the post-signal 1N and post-signal 1R periods.

The Friedman test was applied to examine di-
fferences between the post-signal 1R, post-signal 2R,
post-signal 1IN and post-signal 2N periods, in dura-
tion rates, for all the groups, in the Magazine sniffing
category [Basolateral (P=0.002), Central (P=0.000)
and Sham-operated (P=0.000)]. The comparison
between pairs (Wilcoxon test), for the differences
that occurred between the post-signal 1R and post
signal 1N periods, showed significant differences for
the Basolateral (P=0.043), Central (P=0.008) and
Sham-operated (P=0.008) groups. (Figure 1)

The Friedman test showed significant differen-
ces between the post-signal 1R, post-signal 2R, post-
-signal 1N and post-signal 2N periods, in duration
rates, for all groups, in the Near magazine sniffing ca-
tegory [Basolateral (P=0.002), Central (P=0.000) and
Sham-operated (P=0.000)]. The comparison between
pairs (Wilcoxon test), for the differences that occurred
between the post-signal 1R and post-signal 1N perio-
ds, showed significant differences for the Basolateral
(P=0.043), Central (P=0.008) and Sham-operated
(P=0.008) groups. (Figure 2)

The Friedman test showed significant differen-
ces between the post-signal 1R, post-signal 2R, post-
-signal 1N and post-signal 2N periods, in duration ra-
tes, for all groups, in the Grooming category [Basolate-
ral (P=0.005), Central (P=0.000) and Sham-operated
(P=0.000)]. The comparison between pairs (Wilcoxon
test), for the differences that occurred between the post-
-signal 1R and post-signal 1N, showed significant diffe-
rences for the Basolateral (P=0.043), Central (P=0.008)
and Sham-operated (P=0.008) groups. (Figure 3)
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Figure 1. The average durations of the Magazine sniffing
behavioral category for the Basolateral, Central and Sham-
operated groups in the Pre-signal (PRE), Signal (SIGNAL),
Post-signal 1 (POST1) and Post-signal 2 (POST?2) periods.
In the last six sessions of the post-lesion phase, the post-
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signal period trials were divided into R (with reinforcement
delivery) and N (with reinforcement omission).
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Figure 2. The average durations of the Near magazine sniffing
behavioral category for the Basolateral, Central and Sham-
operated groups in the Pre-signal (PRE), Signal (SIGNAL),
Post-signal 1 (POST1) and Post-signal 2 (POST?2) periods.
In the last six sessions of the post-lesion phase, the post-
signal period trials were divided into R (with reinforcement
delivery) and N (with reinforcement omission).
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Figure 5. The average durations of the Grooming behavioral
category for the Basolateral, Central and Sham-operated
groups in the Pre-signal (PRE), Signal (SIGNAL), Post-
signal 1 (POST1) and Post-signal 2 (POST?2) periods. In
the last six sessions of the post-lesion phase, the post-signal
period trials were divided into R (with reinforcement
delivery) and N (with reinforcement omission).

The Friedman test showed significant diffe-
rences between the post-signal 1R, post-signal 2R,
post-signal IN and post-signal 2N periods, in dura-
tion rates, for the Basolateral group in the Rearing
category (P=0.003). The comparison between pairs
(Wilcoxon test), for the differences that occurred be-
tween the post-signal 1R and post-signal 1N periods,
showed significant differences (P=0.043). (Figure 4)
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Figure 4. The average durations of the Rearing behavioral
category for the Basolateral, Central and Sham-operated
groups in the Pre-signal (PRE), Signal (SIGNAL), Post-
signal 1 (POST1) and Post-signal 2 (POST?2) periods. In
the last six sessions of the post-lesion phase, the post-signal
period trials were divided into R (with reinforcement
delivery) and N (with reinforcement omission).

The Friedman test showed significant diffe-
rences between the post-signal 1R, post-signal 2R,
post-signal 1IN and post-signal 2N periods, in du-
ration rates, for all groups, in the Magazine licking
category [Basolateral (P=0.002), Central (P=0.000)
and Sham-operated (P=0.000)]. The comparison
between pairs (Wilcoxon test), for the differences that
occurred between the periods post-signal 1R and
post-signal 1N, showed significant differences for the
Basolateral (P=0.043), Central (P=0.008) and Sham-
-operated groups (P=0.008). (Figure 5)
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Figure 5. The average duration of the Magazine licking
behavioral category for the Basolateral, Central and Sham-
operated groups in the Pre-signal (PRE), Signal (SIGNAL),
Post-signal 1 (POST'1) and Post-signal 2(POST?2) periods.
In the last six sessions of the post-lesion phase, the post-
signal period trials were divided into R (with reinforcement
delivery) and N (with reinforcement omission).
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The data from this work, during the phase
mvolving reinforcement omission, also pointed to
differences between the groups. The Kruskal-Wallis
test showed significant differences in the post-signal
IR period, in duration rates, for Magazine licking
(P=0.001). The comparison between the pairs of
groups (Mann-Whitney) showed significant diffe-
rences for this category between the Basolateral and
Central (P=0.006) and Central and Sham-operated
groups (P=0.002).

The Kruskal-Wallis test showed signifi-
cant differences in the post-signal IN period, in
duration rates, for Magazine sniffing (P=0.049),
Near magazine sniffing (P=0.050) and Rearing
(P=0.022). The comparison between the pairs of
groups (Mann-Whitney) showed significant di-
fferences for the Magazine sniffing category be-
tween the Basolateral and Sham-operated groups
(P=0.031), Near magazine sniffing between the
Basolateral and Sham-operated groups (P=0.039)
and Rearing between the Basolateral and Sham-
-operated groups (P=0.014).

The Kruskal-Wallis test showed significant
differences in the post-signal 2N period, in duration
rates, for Magazine sniffing (P=0.050) and Groo-
ming (P=0.013). The comparison between the pairs
of groups (Mann-Whitney) showed significant diffe-
rences for the Magazine sniffing category between
the Central and Sham-operated groups (P=0.031)
and the Grooming category between the Central
and Sham-operated groups (P=0.005).

The data, in general, showed that the groups
were susceptible to omission, because the behavioral
category duration rates during the post-signal N pe-
riod were higher than the post-signal R period, for
all groups: the categories Magazine sniffing, Near
magazine sniffing, Magazine licking and Grooming
were the most affected by omission.

Discussion

The use of certain response categories serve
as an effective tool in the study of classical conditio-
ning. Behavioral studies gain support with the un-
derstanding of the animal’s behavioral repertoire.
The replacement of schedules, in which one or a few
responses are recorded by schedules in which the
behavioral repertoire is a set of dependent variables,
seems to be extremely useful for the study of the un-
derlying processes of behavior (Ades, 1976). Bueno,
Figueiredo and Melo (2001) show, for example, that
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different types of rodents (Wistar rats and Hamsters)
have different behavioral strategies when subjected
to procedures of conditional discrimination. The re-
sults show that the animals have different strategies
for the acquisition of a conditional discrimination,
as well as highlight the importance of a psychoetho-
logical approach for the understanding of complex
learning in animals.

With respect to the ROEs, data from this stu-
dy showed that animals of all experimental groups
showed effect of omission. The duration of most
behavioral categories were higher after the reinfor-
cement omission, in the post-signal 1N period, than
after the delivery of reinforcement, in the post-signal
IR period. For all groups, the categories Magazi-
ne sniffing, Near magazine sniffing, Grooming and
Magazine licking were affected by the omission.
These results support, largely, the data of Bueno
(1977) showing, especially, that the duration rates of
behavioral categories directed towards the magazine
were higher after omission than after the delivery of
the reinforcement. Bueno (1977) found an increase
in duration of the category Rearing, in the post-N
period in relation to the previous signal period, sug-
gesting an omission effect on exploratory activity. In
this study, the rats from the Basolateral Group also
presented different duration rates for the Rearing ca-
tegory in comparison to the post-signal 1N and post-
-signal 1R periods. These data suggest that the BLA
may be involved in the suppression of exploratory
type behaviors. Somehow, the BLA is a behavioral
supression component, regardless of its type being
exploratory, as in this study, or consummatory (Pe-
trovich & Gallagher, 2003).

The omission can be interpreted as an active
agent of behavior modification, as Amsel points out
(1958), by affirming that the omission (or, as the au-
thor himself says: “frustration effect”) is able to cre-
ate an energizing state of impulse, which can affect
the instrumental responses whose consequence was
partially suspended, or in other behavioral repertoi-
re responses. There may be, in this case, a correla-
tion with the BLA, since this seems to be related to
motivational processes (Holland & Gallagher, 1999;
Sah, Faber, Armentia, & Power, 2003). According
to this hypothesis, a lesion in this substructure could
interfere with the animal’s performance, decreasing
the ROEs. The energizer aspect, referring to Amsel,
was not found in all categories in the present study,
but only in those strictly related to the reinforcement
source, both for the lesioned animals groups and for
the animals in the Sham-operated group. Therefore,
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the hypothesis of a primary frustration (Stout et al.,
2003), i.e. an increase in animal response intensity
according to the violation of an expected event, can-
not be indiscriminately identified in any behavioral
category.

Another explanation of the effects of reinfor-
cement omission ROEs is that they can be unders-
tood only as a condition not affected by the effects
of consuming the reinforcer. The study by Staddon
(1967) showed that when rats are subjected to sche-
dules of reinforcement in FI, the behavioral pattern
shown is a post-reinforcement pause followed by in-
creases in response frequency until the next delivery
of the reinforcement. The animal may also acquire a
temporal inhibitory control, in which case it learns to
notrespond in the interval after the delivery of rein-
forcement, as well as learns to respond when there
is an availability of reinforcement (Staddon & Innis,
1969). The fall in performance could occur due to
a process of demotivation, as a result of the rein-
forcement consumption, a post-reinforcement inhi-
bition (post-reinforcement pause), or competition
between responses or reponses-criterion (Staddon,
1970). Staddon and Innis (1969) claimed that the
mechanisms involved in the omission process have
attentional components. In this case, there may be a
relationship with the CeA, which seems to be linked
to these processes (Holland & Gallagher, 1999; Sah
et al., 2003). Thus, a lesion in this substructure could
affect the animal’s temporal discrimination process,
causing the animal to become non-responsive when
the reinforcement delivery occurs. The results of this
study, however, do not support this hypothesis since
the rats from the Central Group, as well as the rats
from the Sham-operated group, showed a momenta-
ry suppression of some behavioral categories in the
acts following reinforcement delivery.

Bueno (1977, 2002) examined the possibili-
ty of reinforcement omission being a active modi-
fication factor of the behavioral repertoire. In this
case, there is a compensatory mechanism that ma-
nages the distribution of animal behaviors. When
an animal shows changes in frequency of behavior,
this change is accompanied by changes in the fre-
quencies of other behaviors: the probability of a
determined behavior increase, while the likelihood
of incompatible behaviors decreases (Hinde, 1970).
Inhibition of one activity may be responsible for the
increase in the frequency of another activity. Ades
and Bueno (1974) discussed how the plasticity of the
behavioral repertoire is an important condition for
animal adaptation to variations in the environment:
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the animal responds to temporal, spatial and predic-
tive relations from the surrounding environment.

The data from this study also showed the
ambiguity of the categories, Magazine sniffing and
Near magazine sniffing: while Magazine licking,
which is a category oriented to the magazine, has
a smaller duration in the post-signal N period, Ma-
gazine sniffing, which is category oriented towards
the magazine, and Near magazine sniffing, which
is a type defined as exploratory, present an opposite
tendency, of increasing duration. Despite the archi-
ves recorded on video showing apparently similar
behavioral patterns between the end of the signali-
zation period and the beginning of the omission pe-
riod (through Magazine sniffing and Near magazine
sniffing behavior, which remained over the two pe-
riods), these are two distinct and complex processes
that require a rapid reorganization of the animal’s
responses. In studies by Bueno (1977), a sequential
analysis was performed to determine which catego-
ries occur in sequence, more often than would be
expected by chance. The data obtained in this study
showed that there is a considerable functional rela-
tionship between the Magazine sniffing and Near
magazine sniffing categories, during the omission of
reinforcement. Magazine sniffing precedes (and inte-
racts strongly with) Near magazine sniffing, at some
point of the experiment (post-signal N period).

The omission procedure also depends on the
used parameters, because the simple pairing of sti-
muli does not guarantee that there was conditioning
(Henton & Iversen, 1978; Rescorla, 1988), aspects
such as duration, intensity and order of presenta-
tion of stimuli should be observed and also be con-
sidered. The use of behavioral categories (those that
occur well before conditioning, when the animal is
free in the box to do what it wants) may provide a
fundamental taxonomy and a common language for
the understanding, prediction and change of beha-
vior, and a way to discover which structures of the
brain are possibly responsible for certain behavior.
For Olsson, Nevison, Patterson-Kane, Sherwin, Van
de Weerd, and Wiirbel (2003) and Aunger and Cur-
tis (2008), studies involving an ethological approa-
ch in the laboratory could help to evaluate (1) the
effects of a neutral environment on the behavior and
mechanisms that deal with behavior control; (2) the
animal’s reaction to environmental events that are
imposed (3) the functionality and applicability of
standardized tests and the potential to develop them
considering the specific characteristics of a parti-
cular species. Holland (2003) suggested that studies
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associating neural learning and plasticity should be
further developed to strengthen the understanding
of the respective areas. Understanding the factors
that control omission includes several possible ex-
planations. In animal behavior, the assessment of a
class of responses and how a particular response can
influence others may offer us a direction of how the
behavioral strategies of each species function and
how they may have evolved phylogenetically.

A factor to be considered in this study is the
inclusion of a surgical procedure, involving lesions
of the amygdala substructures that are identified as
important in attentional and motivational processes.
Behavioral changes resulting from the employment
of reinforcement schedules have to take into ac-
count, in this study, that these are due, not only to
the effects on the lesioned areas, but also as a con-
sequence of surgery. The studied literature does not
show an assessment of the behavioral repertoire in
the procedure of reinforcement omission in classical
conditioning tasks, also involving lesions in substruc-
tures of the amygdala.

The attribution of specific nuclei functions
of the amygdala was described by Holland e Galla-
gher (1993), Hatfield, Han, Conley, Gallagher and
Holland (1996) and Holland (2006). The authors
described the roles assigned to the CeA and BLA,
from losses in rat performance with lesions of these
nuclei in Pavlovian conditioning procedures. Howe-
ver, these procedures involved not just the omission
of an event that was expected, but also the devalua-
tion of reinforcement; being seen as contexts similar
to those found in reinforcement omission procedu-
res. In this case, if the ROEs are related to attentio-
nal and also motivational aspects, it would be under
the control of specific nuclei of the amygdala, since
there 1s support in the literature about the functions
of each of these substructures. However, in the Pa-
vlovian procedure used in this study, in which the
lesion occurred after the acquiring of the task, in
spite of the groups of Basolateral and Central rats
having presented the ROEs, some differences were
found between lesioned and sham-operated groups,
as to the duration rates of some categories, during
the post-N and post-R periods. These data suggest
that, although the integrity of the BLA and the CeA
is not required for animals to exhibit the effects of
omission ROEs, these structures could be part of the
neural circuitry that modulates the ROEs.

These data accompany the results of studies
that have investigated the involvement of amygdala
substructures on the ROEs suggesting that the amyg-
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dala, in particular the BLA and the CeA, may be part
of a more complex brain circuitry involved in the

ROE:s (Bueno et al., 2013; Judice-Daher et al., 2012).
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