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1. Introduction

Fear and anxiety are complex concepts. Both terms have been used to describe a set of highly
orchestrated neural events that involve sensory processing and motor responses triggered by
threatening situations. These events are mediated by central neural circuitries and peripheral
neuroendocrine pathways and clearly have adaptive value. Sensory systems function as
alerting signals to warn of real or potential danger, producing a shift to a state of high
vigilance that prepares the individual to avoid or escape from a wide variety of dangerous
situations. Most of these reactions are not exclusive to our species. Because of their importance
for survival, fear and anxiety traits are believed to have been selected in human evolution and
shaped by natural selection for their crucial role in protecting individuals who face adverse
environments (Coutinho et al., 2010; Gross & Hen, 2004; Marks & Nesse, 1994).

However, these highly adaptive events can be disabling when the individual experiences
them excessively or when they occur in the absence of threatening stimuli. In these cases,
they represent a pathological condition termed an anxiety disorder. Often chronic in nature,
these disorders are among the most prevalent mental health problems across the individual
life span, producing severe impairments in social and occupational functioning.

According to an evolutionary perspective, an anxiety disorder reflects a malfunctioning of
the neural circuits responsible for detecting, organizing, or expressing adaptive defense
reactions (Jacobson & Cryan, 2010). Humans and nonhuman mammals share approximately
the same behavioral defense strategies, reflected by activation of similar underlying neural
circuitry. Therefore, animal models of anxiety can be extremely helpful for better
understanding the behavioral, neural, and genetic substrates involved in these pathologies.
The purpose of the present chapter is to present two new lines of rats that might be a useful
model of generalized anxiety disorder (GAD). Before we discuss this model, defining how
anxiety disorders are currently classified is important.

2. Clinical aspects of anxiety

The concept of anxiety disorders has changed dramatically over the years as more clinical
and experimental evidence has been collected. In the clinical setting, anxiety disorders
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departed from a single construct that ranged in intensity from normal to pathological or
neurotic levels. A major shift in this view occurred with Klein's pioneering work (Klein,
1964; Klein & Fink, 1962), which showed that imipramine had a selective effect in the
treatment of panic disorder. Moreover, certain anxiety disorders have been suggested to
differ from each other in the primary object or specificity of threat. Fear of a circumscribed
and well-defined object is a characteristic of specific phobias, whereas diffuse and chronic
sustained anxiety is the main feature of GAD.

The 3d edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-III; American
Psychiatric Association, 1980) introduced the current descriptive symptom-based approach to
mental disorders with well-defined, explicit diagnostic criteria. This new classification
incorporated distinct nosological entities, such as panic disorder, specific and social phobias,
GAD, posttraumatic stress disorder, and obsessive-compulsive disorder. In the DSM-III, GAD
was left as a residual diagnosis of worry, to be made only in the absence of other anxiety and
depressive syndromes. Consequently, this residual category carried low diagnostic reliability.
With the publication of the DSM-IV (American Psychiatric Association, 1994) and
International Classification of Diseases and Related Health Problems (ICD-10; World Health
Organization, 1992), these anxiety disorder categories remained basically the same.
However, the diagnosis of GAD shifted from a residual category in the DSM-III to an
independent anxiety disorder type in the DSM-IV. Free-floating anxiety was associated with
the worry construct, which in turn produced several symptoms, such as muscle tension,
fatigue, restlessness, concentration difficulties, and irritability. According to the DSM-IV,
excessive and unrelenting worry is generally associated with impairments in academic,
social, and personal functioning and related to multiple domains or activities. To be
considered a pathological feature of GAD, worry must occur more days than not for a
period of at least 6 months.

3. Animal models of anxiety

In the experimental setting, most of the studies that investigate the etiological mechanisms
that underlie anxiety disorders have been performed using animal models. Defensive
reactions of the laboratory rat (Rattus norvegicus) have been employed as the main system
for modeling human anxiety. Defecation in the open field was probably one of the first
animal models of anxiety (Hall, 1934). Since then, several other animal models of anxiety
have been developed. As in the clinical setting, the traditional view that highlighted these
experimental studies was that animal defensive responses were mediated by a single and
general anxiety construct (Broadhurst, 1975; Gray, 1979; Hall, 1934). Nevertheless, as new
data were collected, it became clear that animal defensive behavior is mediated by a
complex and multidimensional construct (Aguilar et al., 2002; Belzung & Le Pape, 1994;
Ramos et al., 1997; Torrejais et al., 2008). In these studies, statistical techniques, such as
factor analysis, were employed to investigate whether different animal models of anxiety
measure the same underlying latent factor. The results clearly indicated that different
animal models assessed distinct forms of anxiety. For example, File (1992) showed that
indices of anxiety derived from the elevated plus maze (i.e., the number of entries into and
time spent on the open arms of the maze), Vogel conflict test (i.e., frequency of punished
drinking), and social interaction test (i.e., time spent engaged in social interaction), loaded
on three independent factors, suggesting the existence of different forms of anxiety
generated by each of these paradigms.
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Pharmacological studies that employed diverse animal models also confirmed the
multidimensional aspect of anxiety. For example, benzodiazepine compounds produced an
anxiolytic effect in animal models that generate behavioral inhibition caused by the conflict
between approach and avoidance tendencies (Maki et al., 2000). These animal models also
indicated that substances that decrease serotonergic neurotransmission increase anxiety,
whereas compounds that increase serotonergic neurotransmission decrease anxiety (Graeff,
1997). In contrast, other animal models that require vigorous escape responses to proximal
aversive stimuli appear to be resistant to benzodiazepine drugs, whereas substances that
increase serotonergic activity produce an anxiolytic effect (Graeff and Zangrossi, 2010).
Different neural circuitries appear to be involved in distinct dimensions of anxiety. Gray
and McNaughton (2000) argued that the septo-hippocampal system contributes to the
cognitive component (worry), and the amygdaloid complex and its projections to the ventral
portion of the periaqueductal gray (PAG) are critically involved in the regulation of
inhibitory behavior in response to innate or conditioned aversive stimuli (Fanselow, 1994).
Active defensive behaviors in response to proximal stimuli, generally associated with
nociception, appear to involve the dorsal portion of the PAG (dPAG) and its ascending
projections to forebrain structures related to the sensorial processing of aversive stimuli
(Oliveira et al., 2004).

These diverse dimensions found in animal models of anxiety may indicate that clinically
defined anxiety disorders could be associated with a particular animal model. However, the
adoption of descriptive and operational criteria from the modern classification systems
imposed a validity problem among the several anxiety disorder categories. The DSM-IV and
ICD-10 are not primarily based upon etiology, neurobiology, epidemiology, genetics, or
responses to medications, but rather on phenomenological descriptions of clinical data that
have imprecise similarity or correlate with each other within and between individuals
(Gould & Gottesman, 2006). Therefore, unsurprising are the several problems that are
encountered when attempting to use the current systems of mental disorder classification as
a guide for developing viable animal models.

4. Contextual fear conditioning as a model of generalized anxiety disorder

Regardless of the difficulty developing animal models for current clinically defined anxiety
disorders, fear conditioning has been historically associated with one of the main causes of
pathological anxiety (i.e., neurosis; Pavlov, 1927, Watson & Rayner, 1920). In a typical fear
conditioning experiment, a discrete and emotionally neutral stimulus, such as a light or
tone, reliably signals the occurrence of an aversive stimulus, such as an electric footshock.
After a few pairings between these two stimuli, the previously harmless stimulus becomes a
potent conditioned stimulus (CS) and acquires the ability to elicit several fear reactions.
Another form of fear conditioning is to make the aversive stimulus unpredictable.
According to this alternative procedure, a rat is exposed to a novel chamber and, after a few
minutes, a brief and unsignaled footshock is delivered. When returned to the same chamber
in the absence of the aversive stimulus, the animal presents a permanent fear reaction to
contextual cues previously associated with the footshock.

Considerable evidence from animal and human experiments indicate that fear conditioning in
response to a discrete CS and contextual cues is mediated by different neural circuitries
(Indovina et al., 2011; Ferreira et al., 2003; Kim & Fanselow, 1992; LeDoux, 2000; Pohlack et al.,
2011). These results support the hypothesis of at least two dimensions of fear conditioning, and
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each dimension might be related to clinically distinct anxiety disorders. Specific phobias,
characterized by cue-specific or phasic fear reactivity, might be modeled by aversive
conditioning in response to a discrete CS (Grillon, 2002; Grillon and Davis, 1997). GAD, in
contrast, is characterized by persistent and diffuse or non-cue-specific anxiety and might be
modeled by contextual fear conditioning (Brandao et al., 2008; Grillon and Davis, 1997).
Contextual fear conditioning represents one of the simplest and most rapid forms of
producing aversive learning (Landeira-Fernandez, 1996). Defensive freezing behavior has
been argued to be the most reliable measure of contextual fear conditioning (Fanselow,
1984a). This defensive response is a direct function of shock intensity (Sigmundi et al., 1980)
and depends on the association between the cues of the experimental chamber and
footshock (Landeira-Fernandez et al., 2006).

Conditioned freezing in response to contextual cues previously associated with footshock
has been pharmacologically validated as an adequate model of anxiety disorder.
Accordingly, classic anxiolytic benzodiazepines, such as midazolam and diazepam
(Fanselow and Helmstetter, 1988), and non-benzodiazepine anxiolytics, such as the
serotonin-1A  (5-hydroxytryptamine-1A [5-HTia]) receptor agonist ipsapirone (Inoue,
Tsuchiya, Koyama, 1996) and 5-HT reuptake inhibitors citalopram and fluvoxamine
(Hashimoto et al., 1996), reduced the amount of conditioned freezing. Furthermore,
anxiogenic substances, such the benzodiazepine inverse agonist dimethoxy-B-carboline,
produced freezing behavior similar to that elicited by fear conditioning (Fanselow et al.,
1991).

5. The Carioca High and Low conditioned Freezing rats

Bidirectional selective breeding of a defensive response or any other phenotypic
characteristic is a technique in which animals are bred to modify the frequency of the genes
that underlie a particular phenotype. Mating animals within a population based on the
opposite extremes of an observable characteristic will push, over many generations, this
particular phenotype in opposite directions, leading to two separately bred lines. This
technique has been widely employed to investigate how genes can influence various
behavioral traits, including defensive reactions associated with emotionality. In particular,
genetic animal models of anxiety disorders might be a useful tool for understanding why
some individuals present adequate emotional reactions and others endure an exaggerated
pattern of anxiety responses in the absence of a fear-provoking context.

The view that anxiety does not reflect a single or unitary process emphasizes the importance
of developing different genetic models with distinct phenotype criteria. In fact, the
development of bidirectional lines of animals with high and low levels of emotionality
began in the middle of the 20th century. Since then, a relatively large number of different
lines have been described in the literature (for review, see Ramos and Mormede, 2006).
Innate and learned animal models have been employed for mating selection in rats. Among
the innate models are defecation (Maudsley animals; Broadhurst, 1957, 1958) and
ambulation in the center of an open field apparatus (Floripa animals; Ramos et al., 2003),
ambulation on a runway (Tsukuba animals; Fujita, 1984), open arm parameters in the
elevated plus maze (HAB and LAB animals; Liebsch et al., 1998a, b), and infant isolation-
induced ultrasonic vocalizations (USV animals; Brunelli & Hofer, 1996). Surprisingly, the
two-way-avoidance response has been the main conditioned phenotype criterion used for
developing bidirectionally selected rat lines based on learned aversive paradigms. That is
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the case for Roman (Bignami, 1965), Syracuse (Brush et al., 1979), Australian (Bammer,
1983), Koltushi (Ryzhova et al., 1983), and Hatano (Ohta et al., 1995) animals.

Our group in the Psychology Department at Pontificia Universidade Catdlica do Rio de
Janeiro (PUC-Rio) was also interested in developing a rat genetic model of extreme
phenotypes of learned fear. Instead of the two-way avoidance paradigm, conditioned
freezing in response to contextual cues previously associated with footshock was employed
as the phenotype criterion for developing the two lines. The breeding program began in
2006. The basic protocol consisted of mating male and female albino Wistar rats with the
highest and lowest conditioned freezing in response to the contextual cues of the
experimental chamber where animals were exposed to three unsignaled electric footshocks
on the previous day. Gomes and Landeira-Fernandez (2008) found that after three
generations, reliable differences between these two lines were already present, indicating a
strong heritable component of this type of learning. The lines were named Carioca! High
conditioned Freezing (CHF) and Carioca Low conditioned Freezing (CLF). These two lines
represent the most recent rat genetic model in the field of anxiety.

6. Phenotype results of the 12" generation

To illustrate the development of our breeding lines, we present the phenotype results of the
12th generation of the CHF and CLF lines recently collected in our laboratory. A random
(RND) line of randomly selected rats was also used as a control group for the CHF and CLF
lines. Phenotyping was performed on a total of 122 animals from the CHF line (67 males and
55 females), 124 animals from the RND line (54 males and 70 females), and 99 animals from
the CLF line (49 males and 50 females).

Animals were born and maintained in the colony room of the PUC-Rio Psychology
Department with controlled room temperature (24 + 1°C) and a 12 h/12 h light/dark cycle
(07:00-19:00 h). To assign a control number for each animal, amputation of one toe from each
foot and a small incision in one of the ears was performed 6 to 8 days after birth. Upon
weaning at 21 days of age, each animal was separated by sex and housed in groups of five to
seven, according to their respective lines, in polycarbonate cages (18 x 31 x 38 cm) with food
and water available ad libitum. Phenotyping occurred during the light phase of the cycle. The
animals were between 75 and 80 days of age at the beginning of the experiment. For 5 days
before the contextual fear conditioning experiment, the animals were handled once daily for
a period of 2 min.

Contextual fear conditioning occurred in four observation chambers (25 x 20 x 20 cm), each
placed inside a sound-attenuating box. A red light bulb (25 W) was placed inside the box,
and a video camera was mounted in the back of the observation chamber so the animal's
behavior could be observed on a monitor outside the experimental chamber. A ventilation
fan attached to the box supplied background noise of 78 dB (A scale). The floor of the
observation chamber consisted of 15 stainless steel rods (4 mm diameter) spaced 1.5 cm
apart (center-to-center), which were wired to a shock generator and scrambler (Insight, Sao
Paulo, Brazil). An interface with eight channels (Insight) connected the shock generator to a
computer, which allowed the experimenter to apply an electric footshock. Ammonium
hydroxide solution (5%) was used to clean the chamber before and after each subject.

1 Carioca is the name given to those born in Rio de Janeiro.
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The contextual fear conditioning protocol involved one acquisition session and one test
session. During acquisition, each animal was placed in the observation chamber for 8 min. At
the end of this period, three unsignaled 0.6 mA, 1 s electric footshocks were delivered with an
intershock interval of 20 s. Three minutes after the last footshock (post-shock interval), the
animal was returned to its home cage. The test session occurred approximately 24 h after
training. This test consisted of placing the animal for 8 min in the same chamber in which the
three footshocks were delivered on the previous day. No footshock or other stimulation
occurred during this period. A time-sampling procedure was used to evaluate fear
conditioning in response to contextual cues. Every 2 s, the animal was observed, and a well-
trained observer recorded episodes of freezing, defined as the total absence of movement of
the body or vibrissa, with the exception of movements required for respiration.

Previous results from our laboratory indicated that male rats consistently exhibited more
conditioned freezing in response to contextual cues than female animals (Gomes and
Landeira-Fernandez, 2008). Therefore, male and female results are presented separately. Fig.
1 presents the mean + standard error of the mean (SEM) percentage of time spent freezing
among male and female rats of the CHF, RND, and CLF lines during the post-shock period.
The results were analyzed using a two-way analysis of variance (ANOVA). The first factor,
with two levels, was related to the animal's sex (male and female). The second factor, with
three levels, was related to the breeding line (CHF, RDN, and CLF).

This analysis revealed an absence of a two-way interaction (Fz339 = 0.44, p > 0.6). A main
effect of sex was found (Fi,339 = 14.02, p < 0.001). As shown in Fig. 1, male rats expressed
more freezing behavior than female rats across all three levels of the breeding line factors. A
main effect of breeding line was also detected (F2339 = 20.27, p < 0.001). Pairwise post hoc
comparisons performed with Fisher’s Least Significant Difference test indicated that CLF
animals expressed lower freezing behavior compared with CHF and RND animals (all p <
0.001). Finally, CHF and RND animals did not differ significantly from each other (p > 0.4).
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Fig. 1. Mean + SEM percentage of time spent freezing among male and female rats of the
high (CHF), random (RND), and low (CLF) lines during the post-shock period of the
training session.
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The differences observed in the amount of post-shock freezing behavior between CLF and
CHL animals were not observed in our original report that employed the 3td generation of
these two lines (Gomes and Landeira-Fernandez, 2008). Three possibilities may explain
these discrepant results. One is that the footshock intensity used to phenotype animals of
the present generation (0.6 mA) was much lower than the intensity used during the first
three generations (1.0 mA) reported by Gomes and Landeira-Fenandez (2008). Therefore, the
higher footshock intensity could lead to a ceiling effect so that differences in post-shock
freezing behavior may not be observed. Indeed, the footshock intensity was reduced in our
breeding program in the 7th generation to 0.7 mA and in the 8th generation to the present
intensity to prevent possible ceiling effects produced by this relatively strong (1.0 mA)
footshock intensity.

A second possibility could be related to the fact that freezing observed immediately after
footshock reflects associative learning between contextual cues and the aversive footshock
(Fanselow, 1980, 1990; Vianna et al., 2001b). For example, when the footshock is presented
simultaneously with the rat’s placement in the chamber, no contextual fear conditioning is
observed (Landeira-Fernandez et al., 1995). Moreover, placing the animal in a different
context from the one in which the footshock was delivered did not produce any freezing
behavior (Fanselow, 1980). Therefore, differences between CHF and CLF animals in post-
shock freezing could be a consequence of the fact that CHF rats have a greater propensity
for exhibiting higher conditioned freezing responses compared with CLF animals because of
the continuous bidirectional selection over different generations.

A third possible explanation for these incongruent results might be related to differences in
pain sensitivity between these two lines. This is an important issue because freezing observed
immediately after footshock is closely related to pain sensitivity and shock intensity
(Fanselow, 1984b). According to this possibility, selection for high and low conditioned
freezing might independently lead to co-selection of other contributing factors that are not
genetically linked but contribute to the phenotype that is being selected, such as differences in
pain sensitivity to footshock. Further studies are necessary to test this possibility.

Fig. 2 presents the mean and SEM percentage of time spent freezing among male and female
rats of the high (CHF), random (RND), and low (CLF) lines during the 8 min test session.
Conditioned freezing in response to contextual cues previously associated with footshock
was also analyzed using a two-way ANOVA. This analysis indicated an absence of a two-
way interaction (F2339 = 0.07, p > 0.9). A main effect of sex was found (Fi339 = 41.85, p <
0.001). As shown in Fig. 2, male rats froze more than female rats across all three levels of the
breeding line factors. A main effect of breeding line was also detected (F2339 = 18.13, p <
0.001). Fig. 2 also shows that the CHF line expressed the highest amount of conditioned
freezing, and the CLF line expressed the lowest amount of freezing. The RND line presented
intermediate levels of freezing. These results were confirmed by pairwise post hoc
comparisons. CHL animals froze more than RND and CLF animals, and CLF rats froze less
than CHF and RDN animals (all p < 0.01).

Electric footshock induced a reliable difference between CHF and CLF animals, and we
evaluated whether the breeding line effect on conditioned freezing during the test session
was attributable to post-shock differences that these animals presented during the training
session. An analysis of covariance, with post-shock as a covariant factor, was performed.
The results from this analysis confirmed an absence of an interaction (F233s = 0.19, p > 0.8)
and main effects of sex (Fi338 = 31.14, p < 0.001) and breeding line (F2333 = 10.23, p < 0.001).
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These results confirmed previous findings from our original report (Gomes and Landeira-
Fernandez, 2008) and extend these results to a control group of animals that were randomly
mated.
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Fig. 2. Mean + SEM percentage of time spent freezing among male and female rats of the
high (CHF), random (RND), and low (CLF) lines during the test session 24 h after training.

7. Behavioral validation of the Carioca lines

An important issue in the processes of developing a new genetic animal model of anxiety is
to evaluate whether the pair of contrasting lines of rats selectively bred for high and low
anxiety-related responses also display convergent results in other threatening situations that
also require the activation of defensive responses. The first behavioral results from this
ongoing selective breeding program were reported by Dias et al. (2009). They performed a
battery of behavioral tests that evaluated the emotional and cognitive aspects of the 4th
generation of the CHF and RND lines. To evaluate anxiety-related behaviors, the CHF and
RND lines were tested in the elevated plus maze and social interaction test. CHF animals
were significantly more emotionally reactive than RDN rats in terms of both the number of
entries into and time spent on the open arms of the elevated plus maze. The time spent
engaged in social interaction behavior was also significantly decreased. Importantly, no
differences were found in locomotor activity, measured by the number of entries into the
closed arms of the elevated plus maze and number of crossings in the social interaction test
arena. Therefore, motor activity did not account for the differences between CHF and RDN
animals.

Dias et al. (2009) also found an absence of differences between the CHF and RND lines in
the forced swim test, suggesting that the anxiety trait selected in the CHF line did not
interact with affective disorder traits, such as those for depression. The cognitive aspects of
CHEF rats were evaluated in the object recognition task. The results from this test indicated
no difference between the two groups. These negative results indicated that our breeding
procedure, which increased the occurrence of conditioned freezing in response to contextual
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cues previously associated with footshock, did not interfere with other emotional or
memory systems. Although these results are extremely encouraging, additional experiments
are necessary to further evaluate the behavioral profile of each of these lines.

8. Panic-related behaviours in the Carioca lines

Panic disorder is a complex anxiety disorder that involves both recurrent, unexpected panic
attacks and persistent concern about having additional attacks (American Psychiatric
Association, 1994). Although the occurrence of a panic attack is a hallmark of panic disorder,
the chronic conditioning of this anxiety disorder is defined by the constant and persistent
fear of experiencing further attacks or worry about the possible consequences of a panic
attack.

The clinical concept of panic attack and panic disorder is well described in the literature
(Freire et al., 2010). However, the relationship between an anticipatory anxiety trait present
in GAD with panic attack and the development of panic disorder remains a subject of
intense debate (Battaglia and Ogliari, 2005; Bouton et al., 2001; Stein et al., 2010). The
distinction between panic disorder and GAD stemmed from Klein’s original observations
(Klein, 1964; Klein and Fink, 1962), in which chronic administration of the antidepressant
imipramine improved panic disorder, which was resistant to benzodiazepine anxiolytics at
doses that improved GAD. This pharmacological distinction between these two anxiety
disorder categories has been further qualified. Chronic imipramine also improves GAD
(Kahn et al. 1986), and high-potency benzodiazepines, such as alprazolam, are effective in
panic disorder when chronically administered (Schweizer et al. 1993).

Empirical research has successfully employed electrical stimulation of the dPAG as a useful
animal model of both panic attack (i.e., the acute reaction that might trigger the panic
disorder condition) and panic disorder (i.e., the chronic or continuous condition that
characterizes the full expression of this anxiety disorder). A stepwise increase in the
electrical current intensity used to stimulate the dPAG in rats produces a suppression of
spontaneous locomotor activity (i.e., freezing) accompanied by piloerection and
exophthalmus at lower intensities. As stimulation continues, active escape behaviors, such
as running and jumping, appear at higher intensities (Brandao et at., 1982). After the
termination of the dPAG electrical stimulation at the escape threshold, the animal engages
in a long-lasting freezing response (Vianna et al., 2001a). Freezing and escape responses
triggered by electrical stimulation of the dPAG represent a model of panic attack, whereas
dPAG post-stimulation freezing at the aversive escape threshold appears to be a model of
panic disorder (for review, see Brandao et al., 2008).

Recently, Galvéao et al. (in press) exposed CHF and CLF animals from the 9th generation to
the dPAG electrical stimulation paradigm. The results indicated that CHF animals had a
higher dPAG electrical stimulation aversive threshold for producing freezing and escape
reactions than CLF animals. However, CHF animals displayed more freezing behavior
immediately after dPAG electrical stimulation at the escape threshold compared with CLF
animals. Thus, although CHF animals were more resistant to the expression of freezing and
escape behavior in response to dPAG stimulation, they were more prone to freezing after
the occurrence of the dPAG aversive stimulation compared with CLF animals. These results
are consistent with the interpretation that although anticipatory anxiety might exert an
inhibitory effect on the expression of panic attack, it might also facilitate the pathogenesis of
panic disorder.
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9. Conclusions

Anxiety disorders are among the most prevalent mental health problems across the
individual life span. Early clinical and experimental conceptualizations of anxiety departed
from a single or unitary general trait model. More recent theories have favored the view that
anxiety is a complex, multidimensional, and dynamic phenomenon. Animal modeling has
been crucial in dissecting the pathophysiological mechanisms and designing more effective
therapies. Contextual fear conditioning has clear isomorphism with GAD, whereas electrical
stimulation of the dPAG appears to be a valid animal model of panic attack and panic
disorders.

Bidirectional selection for high and low anxiety-like behavior is a valuable tool for
understanding the neural substrates of anxiety disorders. Our laboratory recently developed
two new lines of Wistar rats, CHF and CLF, that were selectively bred for high and low
levels of freezing in response to contextual cues previously associated with footshock. After
three generations of breeding, CHF rats were considered to have a greater propensity for
exhibiting higher conditioned freezing responses compared with CLF animals. The present
phenotype results of our 12th generation indicated that CHF and CLF lines differed from
each other and from a RND control line. CHF and CLF animals also presented a difference
in freezing triggered immediately after the occurrence of footshock.

The results from the 4th generation also indicated that CHF animals were more "anxious"
than RND rats in the elevated plus maze and social interaction test. Motor activity did not
account for the differences between the CHF and RND lines. The absence of reliable
differences between CHF and RND animals in the forced swim test and object recognition
task indicated that the breeding procedure, which increased the occurrence of conditioned
freezing in response to contextual cues, did not interfere with other emotional or memory
systems. Finally, exposure of CHL and CLF animals to electrical stimulation of the dPAG
suggested that the component of anticipatory anxiety present in GAD might exert an
inhibitory effect on the expression of panic attack, whereas it might also facilitate the
pathogenesis of panic disorder.
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