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Abstract

Griebe!l, Guy, D. Caroline Blanchard and Robert J. Blanchard: Predator-Elicited Flight
Responses in Swiss-Webster Mice: An Experimental Mode! of Panic Attacks. Prog. Neuro-
Psychopharmacol. & Biol. Psychiat. 1996, 20

1. The nosological status of panic disorder is still a matter of debate. Nevertheless, evidence is
emerging that panic attacks have a different pattern of drug responsiveness from other forms
of anxiety.

2. Several experimental animal models of panic attacks have been developed. These vary in the
extend to which they meet criteria for face validity, predictive validity and construct validity,
normally applied to such models.

3. In the present review, the authors examine the possibility that predator-elicited flight
responses in Swiss-Webster mice might serve as an experimental model for the screening
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of panic-modulating drugs.

4. Drug effects on flight responses clearly indicate that this model has good predictive validity as
panic-promoting agents increase flight reactions, while panicolytic drug challenge induces
opposite effects. In addition, drugs devoid of any effect on panic attack, also do not alter flight
behavior.

5. These findings strongly suggest that the model of predator-elicited flight responses in Swiss-
Webster mice is useful for the investigation of panic-modulating drugs.

Keywords: animal model, antipredator defense, benzodiazepine receptor ligands, flight, panic,
serotonin receptor ligands, serotonin reuptake inhibitors, swiss-webster mouse

Abbreviations: anxiety/defense test battery (A/DTB), benzodiazepine receptor ligand (BZPR),
conditioned suppression of drinking (CSD), diagnostic and statistical manual of mental disorders,
fourth edition (DSM-1V), fear/defense test battery (F/DTB), generalized anxiety disorder (GAD),
mouse defense test battery (MDTB), panic attack (PA), panic disorder (PD), periaqueductal grey
(PAG), serotonin (5-HT), serotonin reuptake inhibitor (SRI), ultrasonic vocalization (USV)

1. Introduction

Panic attack (PA) is the central pathologic feature of panic disorder (PD). It involves sudden
onset of intense apprehension, fearfulness, or terror, often accompanied by such physiological
symptoms as shortness of breath, sweating, dizziness, and palpitations. (DSM-IV, 1994). In
contrast, generalized anxiety disorder (GAD) is characterized by persistent anxiety with
apprehensive expectation (DSM-IV, 1994).

An interesting array of pharmacological agents has been used to treat both psychopathologies.
Antipanic therapy is almost always chronic in pature. Many antipanic agents are also
antidepressants, although not all antidepressant agents are effective against panic. Treatments
effective against GAD, such as the traditional benzodiazepines receptor (BZPR) full agonists, the
barbiturates and the 5-HT,, receptor agonists, often are of limited utility in the treatment of PD.
For instance, most studies suggest that classic BZPR agonists require high and motor-impairing
doses 1o alleviate PA (Dunner et al., 1986; Pollack and Rosenbaum, 1988). In fact, only some of
the second-generation BZPR agonists, like alprazolam or clonazepam, have been reported to be
effective antipanic agents (Chouinard et al., 1982; Sheehan et al., 1984; Shehi and Patterson,
1984; Beaudry et al., 1986; Poliack et al., 1986; Spier et al., 1986).

Many animal models of emotional psychopathology involve exposure of subjects to external or
internal stimuli which are assumed to be capable of inducing the relevant emotional state in
humans. For animal models of panic, pharmacological provoking agents like the a,-adrenoceptor
antagonist yohimbine (Chamey et al., 1984), the 5-HT direct agonist mCPP (Chamey et al., 1987)
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or even flumazenil, a BZPR antagonist (Nutt et al., 1990) have been used. Although
experimentally induced and naturally occuring PA share many features, their exact relationship
is still unknown (Nutt and Lawson, 1992). Animal models of anxiety often respond with an
anxiogenic-like profile to these agents, but they also show a similar response to drugs which
induce anxiety in human volunteers (Gentil et al., 1990; Duka and Dorow, 1995) but which do not
provoke panic-like reactions, such as the BZPR inverse agonist Ro 15-3505 (Lister, 1988;
Belzung et al., 1988; Sanger and Cohen, 1995). This brings into question the validity of such

procedures to reveal a specific panic profile of panic provoking agents.

2. Criteria for an Animal Model of Panic Attacks

Evaluation of animal models of psychiatric disorders typically proceeds along three lines:
predictive validity, face validity, and construct validity (Willner et al., 1992). Predictive validity
refers to the sensitivity of the model to specific drug challenge. In the case of PA, these models
must be specifically sensitive to the effects of clinically proven, panic-modulating agents. Face
validity refers to the phenomenological similarity between the model and the disorder. This
implies, for instance, that a model of panic produces reactions in animals that are analogous to
PA in humans. Construct validity implies that the cause of behavioral change in the animal is

sufficient to cause a similar response in man (Treit, 1985).

The central issue in assessing the face validity of a simulation of PA is the degree to which the
simulation is realistic. Clearly, a valid animal model should demonstrate a resemblance to the
clinically defined symptoms of the disorder. PA is defined in the DSM-IV diagnostic system (1994)
by the presence of at least 4 of 13 somatic or cognitive symptoms, including palpitations,
sweating, feeling of choking, fear of dying or paresthesias. It is clear that most, if not all, of these
symptoms, which often rely on verbal report, can hardly be modelied in animals. Nonetheless,
Martin (1993) recently set up an experimental paradigm in which rats are treated with panicogenic
drugs, then briefly exposed to an uncontrollable and aversive situation and finally, are subjected
to an avoidance task in a shuttle box. The behavioral deficits induced in these rats are described
as homologous to those observed in PA, particularly in patients who are inhibited in cognitive and
behavioral processes. Although this approach seems interesting, discrepancies between the
pharmacological data and the clinical observation were found in this model. For instance, acute
buspirone, a 5-HT,, partial agonist, has been found active, while clinical reports invariably failed
to show an antipanic efficacy of this compound (Schweizer and Rickels, 1988; Pohl et al., 1989).

Indeed, panic may even be exacerbed by buspirone (Frazer and Lapierre, 1987; Chignon and



188 G. Griebel et al.

Lepine, 1989; Norman and Judd, 1989).

The difficulties of modelling PA-like symptoms in animals have led several authors to develop
animal models of PA based on predictive validity only. For instance, Fontana and Commissaris
(1988) and Fontana et al. (1989) claim that the conditioned suppression of drinking (CSD), a
modified version of the Geller-Seifter and Vogel conditioned conflict tests, might serve as an
animal model for the study of antipanic drugs, as chronic treatment with such agents (imipramine,
desipramine, amitryptyline and pheneizine) resuited in an increase in the number of shocks
accepted, while acute treatment with these agents induced no change in this measure compared
to baseline levels. More recently, Molewijk et al. (1995) suggested, on the basis of drug effects,
that conditioned ultrasonic vocalizations (USV) elicited by reintroducing adult rats into the
environment in which they previously received inescapable footshocks, also may serve as
screening methods for antipanic challenges. However, major discrepancies between the outcomes
in animal studies and the clinical findings were found in both models. For example, in Molewijk’'s
paradigm (USV), 5-HT,, receptor full and partial agonists (i.e. flesinoxan, buspirone, ipsapirone}
potently reduced ultrasound emission. However, as mentioned above, clinical results with
buspirone did not reveal a reduction in the frequency of PA. Furthermore, Westenberg et al.
(1992) demonstrated that treatment with flesinoxan in PD patients did not reduce the occurrence
of PA. In fact, this treatment produced a substantial increase in anxiety. Finally, in the USV
paradigm, the panic-promoting drug yohimbine was also found to decrease ultrasound emission,
thereby clearly indicating that the USV test is of limited utility in the screening of panic-modulating
drugs. The main concern regarding the CSD procedure is that only a few drugs have been tested
in this paradigm. Among these, only antipanic agents have been used. Therefore, it is not known
whether the CSD is specifically sensitive to such compounds or if it also detects effects of non
panicolytic drugs, including anti-GAD agents. Finally, a last but not least concern with both
procedures, is that neither of them is bidirectionaily sensitive to changes in response induced by
panicogenic treatment. For example, it is now widely acknowledged that acute treatment with 5-HT
reuptake inhibitors (SRIs) (imipramine, fluvoxamine) results in a transcient increase in the
frequency of PA in PD patients (Westenberg and Den Boer, 1993b). Despite this clinical effect,
neither the CSD nor the USV procedure were able to detect a panicogenic-like action after acute
SRI drug challenge. In summary, aithough both models yield some interesting outcomes, it would
be excessive to claim that they are specifically sensitive to panic-modulating drug treatment.

The search for animal models of PA also led some authors to examine the possibility that beside
the core symptoms of PA, additional subsidiary symptoms may be modelled in animals. In the
DSM-1V (1994), PA is described as often accompanied by an “urge to escape” (pg. 394) and PD
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patients "usually report an urgent desire to flee from wherever the attack is occurring” (pg. 394).
It has been suggested that panic may be the result when ‘flight or fight” mechanisms are strongly
aroused but no perceived route for escape is available (Ashcroft et al., 1993). In addition,
electrical stimulation of the hypothalamic-periaqueductal grey (PAG) fight-flight system in man
elicits symptoms and autonomic changes that closely resemble panic {Sano et al., 1972). Based
on these observations, several authors have suggested that PA might be due to the spontaneous
activation of hypothalamic-PAG fight-flight mechanisms (Deakin and Graeff, 1991; Deakin et al.,
1991; Graeff, 1991). To illustrate this idea, Graeff (1991) developed a procedure in which the
activation of the rat dorsal PAG leads to behavioral defense manifestation (i.e. flight, jump escape)
identified as panic-like. He concluded that this situation has face validity as an animal model of
PA. Unfortunately, this model revealed paradoxical drug effects. For example, the 5-HT,,¢
receptor blocker trazodone caused dose-dependent increases in the threshold of aversive dorsal
PAG electrical stimulation (Jenck et al., 1989a), but failed to improve PA in a clinical trial (Charney
et al., 1986). Even more clearly, mCPP which has been reported to produce PA in human
(Chamey et al., 1987), displayed a marked antiaversive action in this test (Jenck et al., 1989b).

Two ethological-orientated models of PA based on flight/escape responses of mice exposed to
a predator have also been proposed. One has emerged from the work of Hendrie and Neill (1991),
who demonstrated that mice exposed to cries of certain bird species (most of which were rodent
predators) displayed behavior largely defense/escape orientated and identified as panic-like.
These authors further showed that only panicolytic drug treatment (i.e. chronic imipramine and
alprazolam) were able to reduce these responses. The predictive validity of this model is limited,
however, as high doses of classic BZPR agonists (i.e. chlordiazepoxide, diazepam) and acute
imipramine did not significantly change escape behavior. The second model is based on the work
of Blanchard and colleagues (1993b) on antipredator defense in rats. These authors developed
two test batteries, a Fear/Defense Test Battery (F/DTB) measuring defensive behaviors to
present, approaching predators, and an Anxiety/Defense Test Battery (A/DTB) measuring
reactions to potential threat. Both batteries have been used in conjunction with administration of
potentially anxiolytic drugs (for more details see Blanchard et al., 1993b). These tests have
recently been adapted for use in mice and a preliminary phammacological study demonstrated that
the panic-promoting agent yohimbine produces an increase in flight from an
approaching/contacting human (Blanchard et al., 1993a). To further demonstrate the validity of
this model for the screening of panicogenic and antipanic compounds, the authors investigated
the behavioral outcome after administration of an array of psychoactive drugs on flight responses
of mice exposed to a threat stimulus.
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3. The Mouse Defense Test Battery

Fig 1. The oval runway (0.40 m wide, 0.30 m high, and 5.0 m in total length) in which tests were
conducted. It consists of two 2 m straight segments joined by two 0.4 m curved segments and
separated by a median wall (2.0 x 0.30 x 0.06).
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Defensive behaviors constitute the reactions of animals to the host of life-threatening dangers
encountered in every natural environment, from predators, from conspecific attack, and from
threatening features of the environment (Blanchard et al., 1993b). Among these responses,
flight/avoidance, freezing and defensive threat/attack have been the most intensively investigated
in an experimental context. For instance, we demonstrated in several recent studies, that Swiss-
Webster mice exposed to a nonpainful threat stimulus (i.e. rat) displayed strong defensive
behaviors. Among these, flight/avoidance and defensive threat/attack responses were
predominant (Griebel et al., 1995¢; Griebel et al., 1995a).

The MDTB is run in a {mouse-scaled) oval runway based on that used in the rat F/DTB.
However, specific situational and behavioral components of the A/DTB, involving reactivity to
stimuli associated with potential threat rather than to the actual presence of an approaching
predator, have been incorpored into the mouse battery (Griebel et al., 1995c; Griebel et al.,
1995a). Figure 1 shows the oval runway in which tests were conducted. It consists of two 2 m
straight segments joined by two 0.4 m curved segments and separated by a median wall. The
apparatus was elevated to a height of 0.80 m from the floor to enable the experimenter to easily
hold the rat, while minimizing the mouse's visual contact with him. Subjects were placed into the
runway for a 3-min. familiarization period. Then, a hand-held anaesthetized Long-Evans rat was
introduced into the runway and brought up to the subject. The experimenter stood adjacent to the
runway while holding the anaesthetized rat. Approach was terminated when contact with the
subject was made or the subject ran away from the approaching stimulus. If the subject fled,
avoidance distance (the distance from the stimulus to the subject at the point of flight) and the
number of avoidances after five approaches were recorded. Immediately after these approaches,

the hand-held rat chased the subject for a distance of 15 m and flight speed was recorded.

4. Drug Effects on Flight Reactions in the Mouse Defense Test Battery

Figures 2 to 4 summarize the effects of various psychoactive drugs on flight responses of Swiss-
Webster mice exposed to a natural threat stimulus (the hand-held rat) in the oval runway. The
authors mainly focussed on three different classes of drugs: BZPR ligands, direct 5-HT receptor
ligands and SRls.

4.1. Benzodiazepine Receptor Ligands

The effects of two full agonists {(chlordiazepoxide at 5, 10 and 25 mg/kg; alprazolam, acutely at
0.05, 0.5 and 1 mg/kg, and chronically at 0.5, 1 and 2 mg/kg), a partial agonist (Ro 19-8022 at 0.5,
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1 and 2 mg/kg), an inverse agonist (Ro 19-4603 at 0.025, 0.05 and 0.1 mg/kg) and the antagonist
flumazenil (at 5, 10 and 20 mg/kg) have been investigated in the MDTB (Griebel et al., 1995b;
Griebel et al., 1994).

Figure 2 indicates that acute injection of chlordiazepoxide and alprazolam failed to reduce
avoidance distances, frequency of avoidances or flight speed at non sedative/myorelaxant doses.
This was in contrast to chronic alprazolam which decreased avoidance distances at doses devoid
of any effect on locomotor activities. In addition, flumazenil strongly increased rat-subject distance

needed to elicit avoidance.

Assuming that flight is an index of panic-like reactions, the present findings with these three
reference compounds are in agreement with clinical data indicating that: 1) classic BZPR agonists
may be of limited utility in the management of PD as high doses are required to alleviate PA; 2)
chronic treatment with alprazolam improves PA; 3) flumazenil is somewhat anxiogenic in
volunteers (Darragh et al., 1983; Schopf et al., 1984; Duka et al., 1986; Higgitt et al., 1986; Lavie,
1987) and that it increases the frequency of PA in PD patients (Nutt et al., 1990).

With regards to the BZPR inverse agonist Ro 19-4603, the MDTB data indicate that this potential
anxiogenic drug (Belzung et al., 1990) induced effects which are opposite to those observed with
chronic alprazolam and closely resemble those obtained with flumazenil as it increased predator-
subject distance leading to avoidance. By contrast, Ro 19-8022 strongly decreased
flight/avoidance responses at all doses (0.5 to 2 mg/kg) while the 0.5 mg/kg dose aiso reduced
the distance between the subject and the predator at which flight occurred. The compound aise
consistently reduced flight speed in the chasefflight test. Since these effets were obtained at
doses at which no evidence of an increase in falls was obtained, the action of this BZPR partial

agonist reflects specific reductions in activation of defense-related flight systems.

4.2. 5-HT Receptor Ligands

4.2.1. 5-HT,, Receptor Ligands. Several ligands selectively or preferently acting at these
binding sites have been assessed (Griebel et al., 1995d; Griebel et al., 1995¢): 8-OH-DPAT, a
full agonist (0.05-10 mg/kg); gepirone, a partial agonist (2.5-10 mg/kg) and S 21187, a recently
synthetized 5-HT,, receptor antagonist {2.5-10 mg/kg) (Guardiola-Lemaitre et al., 1993). Figure
3 shows that drug effect on flight was minimal with only S 21187 producing a slight decrease in
the number of avoidances and flight speed when facing the predator. In this context, and in view

of the flight/panic hypothesis, one can propose that: 1) 5-HT,, receptor agonists are ineffective
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Fig 2. Effects of various benzodiazepine receptor ligands on three flight measures in
the Mouse Defense Test Battery.
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in reducing PA; 2) 5-HT,, receptor antagonists may have some efficacy in the treatment of PA.

With regard to the first statement, both preclinical data and human studies provide evidence of
a lack of efficacy of 5-HT,, receptor ligands in flight/panic reactions. For instance, in Graeff's
(1991) procedure in which the activation of the rat dorsal periaqueductal grey (DPAG) leads to
behavioral manifestations identified as panic-like, 8-OH-DPAT and ipsapirone were ineffective
(Jenck et al., 1989; Jenck et al., 1989b). Clinical data almost invariably failed to report an
antipanic efficacy of 5-HT, ,receptor agonists (Rickels et al., 1982; Pohl et al., 1989; Robinson et
al., 1989; Shechan et al.,, 1990; Sheehan et al., 1993a; Sheehan et al., 1993b). The only
exception recently emerged from an open-label trial showing that gepirone reduced frequency of
panic attacks (Pecknold et al., 1993) in GAD patients. Nonetheless, double-blind placebo-
controlled studies are needed to confirm these results.

As mentioned above, it has been reported that buspirone can exacerbate or trigger PA (Frazer
and Lapierre, 1987; Chignon and Lepine, 1989; Norman and Judd, 1989). Similarly, another 5-
HT, , receptor agonist flesinoxan, has also been reported to exacerbate anxiety ratings in patients
suffering from panic disorder (Westenberg et al., 1992). It was conjectured that the anxiogenic
action of buspirone may result from an abnormally sensitized state of the postsynaptic 5-HT,,
receptors in such patients, thereby enhancing the postsynaptic agonist action of the compound
(Norman and Judd, 1989). Consequently, some authors have recently hypothesized that 5-HT,,
receptor antagonists would have an anti-panic action (Fletcher et al., 1993). So far, nothing is
known from a clinical viewpoint about a possible efficacy of 5-HT,, receptor antagonists in the
management of PD, but our data fit weli with the theoretical rationale suggesting that blockade
of central 5-HT,, binding sites may be involved in the alleviation of PA.

4.2.2. 5-HT,, Receptor Antagonijst. The administration of pirenperone (0.5-2 mg/kg), a
preferential antagonist at these receptors induced very specific effects on flight (Griebel et al.,
1995c). The drug strongly reduced all flight parameters, including number of avoidances,
avoidance distance and flight speed. The recognition that some antidepressants exert beneficial
effects in panic and the finding that chronic treatment with most, but not all, antidepressants
results in a downregulation of the postsynaptic 5-HT,, receptors (Peroutka and Snyder, 1980) has
led to the suggestion that selective 5-HT,, receptor antagonists might have some efficacy in the
treatment of panic (Westenberg and Den Boer, 1993a). However, no clinical study has yet
evaluated the effect of selective 5-HT,, receptor antagonists on PA. A pilot study (Humble et al.,
1986) and an open trial study (Griez et al., 1988) found that ritanserin reduced PA, but three
double-blind placebo-controlled studies {Deakin et al., 1990; Den Boer and Westenberg, 1990;
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Fig 3. Effects of various 5-HT receptor ligands on three flight measures in the Mouse
Defense Test Battery.



196 G. Griebel et al.

Westenberg and Den Boer, 1989) clearly reported that the drug either does not improve or even
aggravates this condition. However, while ritanserin is a 5-HT,, receptor antagonist, it is extremely
nonselective with a nearly equal affinity for 5-HT,. sites (Hoyer, 1991). Preclinical data are
consonant with the view that ritanserin may not provide an accurate view of the effects of selective
5-HT,, antagonists on panic. Jenck and coworkers (Jenck et al., 1989; Jenck et al., 1989b)
showed that the preferential 5-HT,, receptor blockers ketanserin and pirenperone dose-
dependently increased the aversive threshold of DPAG stimulation, whereas mixed 5-HT ¢
receptor antagonists, like ritanserin, cyproheptadine and mianserin, did not display a similar
effect. These findings suggest a need for clinical trials with more selective antagonists at the 5-
HT,, receptor.

4.3. 5-HT Reuptake Inhibitors

Figure 4 shows that acute treatment with imipramine and fluoxetine potentiated flight reactions
in response to an approaching or chasing predator. Thus, both treatments reliably increased the
prey-predator distance at which flight occurred. In addition, acute imipramine also increased flight
speed, indicating a strong action of the drug on the potentiation of flight responses. By contrast,
after chronic treatment with either drug, flight-facilitating effects were not seen and in fact, a strong

reduction in avoidance distances and/or avoidance frequencies was obtained.

These findings of a potentiation in flight reactions after a single acute dose of either SR, are in
agreement with the well described exacerbation in the severity and frequency of PA at the
beginning of SRI medications, often accompanied by anxiety-related symptoms described as
racing thoughts, nervousness, tremor, jitteriness or emotional discomfort (Westenberg and Den
Boer, 1993b); second, the flight-reducing action after chronic treatment, fits well with the clinical
efficacy of imipramine (Cassano et al., 1994; Mavissakalian and Perel, 1994; Rosenberg and
Jensen, 1994; Mavissakalian et al., 1993; Roth et al., 1992; Woods et al., 1992) and fluoxetine
(Fassio and Paoletti, 1993; Louie et al., 1993; Solyom et al., 1991; Schneier et al., 1990; Brady
et al., 1989; Gorman et al., 1987) in the management of PA.

5. Conclusion

Several authors identify flight/avoidance reactions of rodents as panic-like (Graeff, 1991;
Hendrie and Neill, 1991) and therefore suggest that an experimental model of flight responses
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Table 1

Effects of Various Psychoactive Drugs on the Flight/Avoidance Responses in the
Mouse Defense Test Battery. Comparison with their Effect on Panic Attacks.

PANIC FLIGHT
CHLORDIAZEPOXIDE BZPR full agonist ) ()
ALPRAZOLAM (ACUTE) BZPR full agonist (1) (H
ALPRAZOLAM (CHRONIC) ! |
FLUMAZENIL BZPR antagonist T 1
GEPIRONE 5-HT,, partial agonist l/o 0
IMIPRAMINE (ACUTE) NA/5-HT reuptake inhibitor 1 i
IMIPRAMINE (CHRONIC) ! !
FLUOXETINE (ACUTE) 5-HT reuptake inhibitor ! i
FLUOXETINE (CHRONIC) | l
YOHIMBINE o, antagonist 1 1

1 indicates an increase in the response; | indicates a decrease in the response; (i)
indicates a decrease at motor-imparing doses only; o ineffective; BZPR:
Benzodiazepine Receptor.

Table 2

Effects of Various Psychoactive Drugs not yet Tested Against Panic Attacks that
Affected Flight/Avoidance Responses in the Mouse Defense Test Battery: Potential
Panic-Modulating Drugs.

FLIGHT PANIC?

RO 19-8022 BZPR partial agonist | |
RO 19-4603 BZPR inverse agonist 1 !
S 21187 5-HT,, antagonist l |
PIRENPERONE 5-HT,, antagonist | |

1 indicates an increase in the response; | indicates a decrease in the response.

may have face validity as model of PA. indeed, this view is supported by clinical observations
indicating that PD patients often report intense desire to flee or escape from the place where the
PA is occurring (DSM-IV, 1994). The extensive pharmacological evaluation of the MDTB has
demonstrated that panic-modulating agents specifically affect animals' flight responses with
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panicogenic treatment increasing flight and panicolytic drug challenge decreasing it (Table 1).
Notably, avoidance distance and, to a lesser extent, number of avoidance measures appear to
be particularly sensitive to panic-modulating drug treatment. In addition, anti-GAD agents such
as chlordiazepoxide or gepirone failed to affect this response in a selective manner (i.e. at non
sedative doses). Overall, these findings strongly support the predictive validity of the MDTB. Also,
in view of the effects on flight of several compounds whose action on PA is not known yet, we can
anticipate potential efficacy of Ro 19-8022 and S 21187 in the clinical management of PD (Table
2), creating predictions which can be confirmed or disproved by clinical trials involving these
compounds. Evaluation of the construct validity of the MDTB as of any other model of
psychopathology, is a complex issue, involving the extent to which neurobehavioral defense
systems are conservative and represented in much the same form across mammals. The animal
work in this area is expanding rapidly, however, and at present attempts to evaluate this criterion
are perhaps more compromised by the lack of understanding of human behavior, than that of

animals.

References

ASHCROFT, G. W,, WALKER, L. G. AND LYLE, A. (1993) A psychobiological model for panic:
including models for the mechanisms involved in the regulation of mood and anxiety and
implications for behavioural and pharmacological therapies. In: Psychopharmacology of Panic,
B. E. Leonard, J. Butler, D. O'Rourke and T. J. Fahy (Eds.), pp 131-143, Oxford University
Press, Oxford.

BEAUDRY, P., FONTAINE, R., CHOUINARD, G. AND ANNABLE, L. (1986) Clonazepam in the
treatment of patients with recurrent panic attacks. J. Clin. Psychiatry 47: 83-85.

BELZUNG, C., MISSLIN, R. AND VOGEL, E. (1988) The benzodiazepine receptor inverse
agonists B-CCM and RO 15-3505 both reverse the anxiolytic effects of ethanol in mice. Life
Sci. 42 : 1765-1772.

BELZUNG, C., MISSLIN, R. AND VOGEL, E. {(1990) Anxiogenic effects of a benzodiazepine
receptor partial inverse agonist, RO 19-4603, in a light/dark choice situation. Pharmacol.
Biochem. Behav. 36 : 593-596.

BLANCHARD, R. J., TAUKULIS, H. K., RODGERS, R. J., MAGEE, L. K. AND BLANCHARD, D.
C. (1993a) Yohimbine potentiates active defensive responses to threatening stimuli in
Swiss-Webster mice. Pharmacol. Biochem. Behav. 44 : 673-681.

BLANCHARD, R. J., YUDKO, E. B., RODGERS, R. J. AND BLANCHARD, D. C. (1993b) Defense
system psychopharmacology: An ethological approach to the pharmacology of fear and
anxiety. Behav. Brain Res. 58 : 155-165.

BRADY, K., ZARZAR, M. AND LYDIARD, R. B. (1989) Fluoxetine in panic disorder patients with
imipramine-associated weight gain [letter]. J. Clin. Psychopharmacol. 9 . 66-67.



200 G. Griebel et al.

CASSANO, G. B., TONI, C., PETRACCA, A, DELTITO, J., BENKERT, O., CURTIS, G., HIPPIUS,
H., MAIER, W., SHERA, D. AND KLERMAN, G. (1994) Adverse effects associated with the
short-term treatment of panic disorder with imipramine, alprazolam or placebo. Eur.
Neuropsychopharmacol 4 ;. 47-53.

CHARNEY, D. S.,, WOODS, S. W., GOODMAN, W. K., RIFKIN, B., KINCH, M., AIKEN, B,
QUADRINO, L. M. AND HENINGER, G. R. (1986) Drug treatment of panic disorder: the
comparative efficacy of imipramine, alprazolam, and trazodone. J. Clin. Psychiatry 47:
580-586.

CHARNEY, D. S.,, WOODS, S. W., GOODMAN, W. K. AND HENINGER, G. R. (1987) Serotonin
function in anxiety. |l. Effects of the serotonin agonist MCPP in panic disorder patients and
healthy subjects. Psychopharmacology 92 : 14-24,

CHARNEY, D. S., HENINGER, G. R. AND BREIER, A. (1984) Noradrenergic function in panic
anxiety. Effects of yohimbine in healthy subjects and patients with agoraphobia and panic
disorder. Arch. Gen. Psychiatry 41 : 751-763.

CHIGNON, J. M. AND LEPINE, E. P. (1989) Panic and hypertension associated with a single dose
of buspirone. Lancet Il : 46-47.

CHOUINARD, G., ANNABLE, L., FONTAINE, R. AND SOLYOM, L. (1982) Alprazolam in the
treatment of generalized anxiety and panic disorders: a double-blind placebo-controlled study.
Psychopharmacology 77 : 229-233.

DARRAGH, A., LAMBE, R., O'BOYLE, C., KENNY, M. AND BRICK, |. (1983) Absence of central

effects in man of the benzodiazepine antagonist Ro 15-1788. Psychopharmacology 80 :
192-195.

DEAKIN, J. F. W., GUIMARAES, F. S., WANG, F., HELLEWELL, J. AND HENSMAN, R. (1991)
5-HT receptor mechanisms in human anxiety. In: New Concepts in Anxiety, M. Briley and S.
E. File (Eds.), pp 74-93, CRC Press, New York.

DEAKIN, J. F. W. AND GRAEFF, F. G. (1991) 5-HT and mechanisms of defense. J.
Psychopharmacol. 5 : 305-315.

DEAKIN, J. F. W., WANG, M. AND GUIMARAES, F. S. (1990) Clinical profile of ritanserin. In:
Proceedings of the World Federation of Societies of Biological Psychiatry Symposium,
Anonymouspp 16-33, Adis International, Chester.

DEN BOER, J. A. AND WESTENBERG, H. G. (1990) Serotonin function in panic disorder: A
double blind placebo controlled study with fluvoxamine and ritanserin. Psychopharmacology
102 : 85-94.

DIAGNOSTIC AND STATISTICAL MANUAL OF MENTAL DISORDERS, Fourth Edition {(1994)
American Psychiatric Association, Washington D.C.

DUKA, T., ACKENHEIL, M., NODERER, J. AND DOENICKE, A. (1986) Changes in noradrenaline
plasma levels and behavioural responses induced by benzodiazepine agonists with the
benzodiazepine antagonist Ro 15-1788. Psychopharmacology 90: 351-357.

DUKA, T. AND DOROW, R. (1995) Human experimental psychopharmacology of benzodiazepine
receptor inverse agonists and antagonists. in: Benzodiazepine receptor inverse agenists, M.
Sarter, D. J. Nutt and R. G. Lister (Eds.), pp 243-270, John Wiley & Sons, New York.



Flight and Panic Attacks 201

DUNNER, D. L., ISHIKI, D., AVERY, D. H., WILSON, L. G. AND HYDE, T. S. (1986) Effect of
alprazolam and diazepam on anxiety and panic attacks in panic disorder: a controlled study.
J. Clin. Psychiatry 47 : 458-460.

FASSIO, M. AND PAOLETTI, C. {(1993) La fluoxetina nel disturbo da attacchi di panico:
esperienza clinica. / Fluoxetine in panic disorder: A clinical trial. Riv. Psichiatr. 28 : 95-99.

FLETCHER, A., CLIFFE, I. A. AND DOURISH, C. T. (1993} Silent 5-HT,, receptor antagonists:
utility as research tools and therapeutic agents. Trends Pharmacol. Sci. 14 : 41-48.

FONTANA, D. J., CARBARY, T. J. AND COMMISSARIS, R. L. (1989) Effects of acute and chronic
anti-panic drug administration on conflict behavior in the rat. Psychopharmacology 98 -
157-162.

FONTANA, D. J. AND COMMISSARIS, R. L. (1988) Effects of acute and chronic imipramine
administration on conflict behavior in the rat: a potential "animal model" for the study of panic
disorder? Psychopharmacology 95 : 147-150.

FRAZER, G. A. AND LAPIERRE, Y. D. (1987) The effect of buspirone on panic disorder: a case
report [letter]. J. Clin. Psychopharmacol. 7 : 118-119.

GENTIL, V., TAVARES, S., GORENSTEIN, C. AND BELLO, C. (1990) Acute reversal of
flunitrazepam effects by Ro 15-1788 and Ro 15-3505: Inverse agonism, tolerance, and
rebound. Psychopharmacology 100 : 54-59.

GORMAN, J. M., LIEBOWITZ, M. R, FYER, A. J., GOETZ, D., CAMPEAS, R. B., FYER, M. R,,
DAVIES, S. O. AND KLEIN, D. F. (1987) An open trial of fluoxetine in the treatment of panic
attacks [published erratum appears in J Clin Psychopharmacol 1988 Feb; 8(1):13]. J. Clin.
Psychopharmacol. 7 : 329-332.

GRAEFF, F. G. (1991) Neurotransmitters in the dorsal periaqueductal grey and animal models
of panic anxiety. In: New concepts in anxiety, M. Briley and S. E. File (Eds.), pp 288-307, CRC
Press, New York.

GRIEBEL, G., BLANCHARD, R. J,, LEE, J. C., RODGERS, R. J. AND BLANCHARD, D. C. (1994)
Attenuation of antipredator defensive behavior in Swiss-Webster mice following acute and
chronic treatment with chlordiazepoxide and alprazolam. Soc. Neurosci. Abstr. 20 : 811.

GRIEBEL, G., BLANCHARD, D. C., AGNES, R. S. AND BLANCHARD, R. J. (1995a) Differential
modulation of antipredator defensive behavior in Swiss-Webster mice following acute or
chronic treatment with imipramine and fluoxetine. Psychopharmacology 120: 57-66.

GRIEBEL, G., BLANCHARD, D. C., JUNG, A. AND BLANCHARD, R. J. (1995b) A model of
“antipredator” defense in Swiss-Webster mice: Effects of benzodiazepine receptor ligands with
different intrinsic activities. Behav. Pharmacol. 6: 732-745.

GRIEBEL, G., BLANCHARD, D. C., JUNG, A., MASUDA, C. K. AND BLANCHARD, R. J. (1995c¢)
5-HT,, agonists modulate mouse antipredator defensive behavior differently than the 5-HT,
antagonist pirenperone. Pharmacol. Biochem. Behav. 51: 235-244.

GRIEBEL, G., BLANCHARD, D. C., JUNG, A., RETTORI, M. C., GUARDIOLA-LEMAITRE, B.
AND BLANCHARD, R. J. (1995d) In vivo potency of S 21187, a ligand with high affinity for
5-HT,,and a-adrenergic binding sites, in an animal model of anxiety and panic disorders: the
Mouse Defense Test Battery with Swiss-Webster mice. J. Psychopharmacol. (Submitted).



202 G. Griebel et al

GRIEZ, E., POLS, H. AND LOUSBERG, H. {1988) Serotonin antagonism in panic disorder: an
open trial with ritanserin. Acta Psychiatr. Belg. 88 : 372-377.

GUARDIOLA-LEMAITRE, B., LANFUMEY, L., RENARD, P., GUILLAUMET, G., PORSOLT, R. D.
AND HAMON, M. (1993) 5-HT,, antagonist properties of thiochroman derivatives. ACNP 167
(abstract).

HENDRIE, C. A. AND NEILL, J. C. (1991) An animal model of panic disorder. J.
Psychopharmacol. 6 : 125

HIGGITT, A. C., LADER, M. H. AND FONAGY, P. (1986) The effects of the benzodiazepine
antagonist Ro 15-1788 on psychophysiological performance and subjective measures in
normal subjects. Psychopharmacology 89 : 395-403.

HOYER, D. (1991) The 5-HT receptor family. In: 5-HT,, Agonists, 5-HT Antagonists and
Benzodiazepines, Their Comparative Behavioural Pharmacology, R. J. Rodgers and S. J.
Cooper (Eds.), pp 31-58, John Wiley & Sons, Chichester.

HUMBLE, M., ASBERG-WISTEDT, A., WISTEDT, B. AND BERTILSSON, L. (1986) A pilot study
of ritanserin (a selective serotonin-2 receptor antagonist) in panic disorder and agoraphobia.
Clinical and biochemical effects. C. I. N. P. Congress, Puerto Rico 165 (abstract).

JENCK, F., BROEKKAMP, C. L. AND VAN DELFT, A. M. (1989a) Effects of serotonin receptor
antagonists on PAG stimulation induced aversion: different contributions of SHT,, 5HT, and
5HT, receptors. Psychopharmacology 97 : 489-495.

JENCK, F., BROEKKAMP, C. L. AND VAN DELFT, A. M. (1989b) Opposite control mediated by
central 5-HT,, and non-5-HT,, (5-HT,g or 5-HT,.) receptors on periaqueductal gray aversion.
Eur. J. Pharmacol. 161 : 219-221.

JENCK, F., BROEKKAMP, C. L. AND VAN DELFT, A. M. (1989) Effects of serotonin receptor
antagonists on PAG stimulation induced aversion: Different contributions of 5HT,, 5HT, and
5HT, receptors. Psychopharmacology 97 : 489-495,

LAVIE, P. {1987) RO 15-1788 decreases hypnotic effects of sleep deprivation. Life Sci. 41:
227-233.

LISTER, R. G. (1988) Interactions of three benzodiazepine receptor inverse agonists with ethanol
in a plus-maze test of anxiety. Pharmacol. Biochem. Behav. 30 : 701-706.

LOUIE, A. K., LEWIS, T. B. AND LANNON, R. A. {1993) Use of low-dose fluoxetine in major
depression and panic disorder. J. Clin. Psychiatry 54 : 435-438.

MARTIN, P. (1993) Effects of anxiolytic and antidepressant drugs in an animal model of panic. In:
Anxiety: Neurobiology, Clinic and Therapeutic Perspectives, M. Hamon, H. Ollat and M. H.
Thiébot (Eds.), pp 203-204, Les éditions INSERM/John Libbey Eurotext Ltd, Paris.

MAVISSAKALIAN, M. R. AND PEREL, J. M. (1994) Dose-response characterization of the
antipanic effects of imipramine. Psychopharmacol. Bull. 30 : 171-174,

MAVISSAKALIAN, M. R., PEREL, J. M. AND DE GROOT, C. (1993} Imipramine treatment of panic
disorder with agoraphobia: the second time around. J. Psychiatr. Res 27 : 61-68.

MOLEWIJK, H. E., VANDERPOEL, A. M., MOS, J., VANDERHEYDEN, J. A. M. AND OLIVIER,



Flight and Panic Attacks 203

B. (1995) Conditioned ultrasonic distress vocalizations in adult male rats as a behavioural
paradigm for screening anti- panic drugs. Psychopharmacology 117 : 32-40.

NORMAN, T. R. AND JUDD, F. K. (1989) Panic attacks, buspirone, and serotonin function. Lancet
I: 15

NUTT, D. AND LAWSON, C. (1992) Panic attacks. A neurochemical overview of models and
mechanisms. Br. J. Psychiatry 160 : 165-178.

NUTT, D. J., GLUE, P., LAWSON, C. AND WILSON, S. (1990) Flumazenil provocation of panic
attacks. Evidence for altered benzodiazepine receptor sensitivity in panic disorder [see
comments]. Arch. Gen. Psychiatry 47 : 917-925.

PECKNOLD, J. C., LUTHE, L., SCOTT FLEURY, M. H. AND JENKINS, S. (1993) Gepirone and
the treatment of panic disorder: an open study. J. Clin. Psychopharmacol. 13: 145-149.

PEROUTKA, S. J. AND SNYDER, S. H. (1980) Long-term antidepressant treatment decreases
spiroperidol labeled serotonin receptor binding. Science. 210 : 88-90.

POHL, R., BALON, R., YERAGANI, V. K. AND GERSHON, S. (1989) Serotonergic anxiolytics in
the treatment of panic disorder: a controlled study with buspirone. Psychopathology. 22 (Suppl
1): 60-67.

POHL, R., BALON, R., YERAGANI, V. K. AND GERSHON, S. (1989) Serotonergic anxiolytics in
the treatment of panic disorder: A controlled study with buspirone. 16th Collegium
Internationale Neuro-Psychopharmacologicum Congress Satellite Conference: New Findings
with Anxiolytic Drugs (1988, Munich, Federal Republic of Germany). Psychopathology. 22 :
60-67.

POLLACK, M. H., TESAR, G. E., ROSENBAUM, J. F. AND SPIER, S. A. (1986) Clonazepam in
the treatment of panic disorder and agoraphobia: a one-year follow-up. J. Clin,
Psychopharmacol. 6 : 302-304.

POLLACK, M. H. AND ROSENBAUM, J. F. (1988) Benzodiazepines in panic-related disorders.
Special Issue: Perspectives on panic-related disorders. J. Anx. Disord. 2 : 95-107.

RICKELS, K., WEISMAN, K., NORSTAD, N., SINGER, M., STOLTZ, D., BROWN, A. AND
DANTON, J. (1982) Buspirone and diazepam in anxiety: a controlled study. J. Clin. Psychiatry
43 : 81-86.

ROBINSON, D. S., SHROTRIYA, R. C., ALMS, D. R,, MESSINA, M. AND ANDARY, J. (1989)
Treatment of panic disorder: nonbenzodiazepine anxiolytics, including buspirone.
Psychopharmacol. Bull. 25 : 21-26.

ROSENBERG, R. AND JENSEN, P. N. (1994) Treatment of panic disorder with alprazolam and
imipramine: Clinical relevance of DSM Il dysthymia. Eur. Psychiatry 9 : 27-32.

ROTH, W. T., MARGRAF, J., EHLERS, A., HADDAD, J. M., MADDOCK, R. J., AGRAS, W. S.
AND TAYLOR, C. B. (1992) Imipramine and alprazolam effects on stress test reactivity in panic
disorder. Biol. Psychiatry 31 : 35-51.

SANGER, D. J. AND COHEN, C. (1995) Fear and anxiety induced by benzodiazepine receptor
inverse agonists. In: Benzodiazepine receptor inverse agonists, M. Sarter, D. J. Nutt and R.
G. Lister (Eds.), pp 185-212, John Wiley & Sons, New York.



204 G. Griebel et al.

SANO, K., SEKINO, H. AND MAYANAGI, Y. (1972) Results of stimulation and destruction of
posterior hippocampus in cases with violent, aggressive and restless behaviors. In:
Psychosurgery, E. Hitchcoch, L. Laitinen and K. Vaernet (Eds.), pp 57-Thomas, Springfield.

SCHNEIER, F. R., LIEBOWITZ, M. R., DAVIES, S. O., FAIRBANKS, J., HOLLANDER, E.,
CAMPEAS, R. AND KLEIN, D. F. (1990) Fluoxetine in panic disorder. J. Clin.
Psychopharmacol. 10 : 119-121.

SCHOPF, J., LAURIAN, S,, LE, P. K. AND GAILLARD, J. M. (1984) Intrinsic activity of the
benzodiazepine antagonist Ro 15-1788 in man; an electrophysiological investigation.
Pharmacopsychiatry 17 ; 79-83.

SCHWEIZER, E. AND RICKELS, K. (1988) Buspirone in the treatment of panic disorder: a
controlled pilot comparison with clorazepate [letter]. J. Clin. Psychopharmacol. 8 : 303.

SHEEHAN, D. V., COLEMAN, J. H., GREENBLATT, D. J., JONES, K. J., LEVINE, P. H,,
ORSULAK, P. J., PETERSON, M., SCHILDKRAUT, J. J., UZOGARA, E. AND WATKINS, D.
(1984) Some biochemical correlates of panic attacks with agoraphobia and their response to
a new treatment. J. Clin. Psychopharmacol. 40: 66-75.

SHEEHAN, D. V., RAJ, A. B., SHEEHAN, K. H. AND SOTO, S. (1990) Is buspirone effective for
panic disorder? J. Clin. Psychopharmacol. 10 : 3-11.

SHEEHAN, D. V,, RAJ, A. B.,, HARNETT SHEEHAN, K. AND SOTO, S. (1993a) The relative
efficacy of high-dose buspirone and alprazolam in the treatment of panic disorder: A
double-blind placebo-controlled study. Acta Psychiatr. Scand. 88 : 1-11.

SHEEHAN, D. V., RAJ, B. A,, TREHAN, R. R. AND KNAPP, E. L. (1993b) Serotonin in panic
disorder and social phobia. Int. Clin. Psychopharmacol. 8 (Suppl 2): 63-77.

SHEHI, M. AND PATTERSON, W. M. (1984) Treatment of panic attacks with alprazolam and
propranolol. Am. J. Psychiatry 141 : 900-901.

SOLYOM, L., SOLYOM, C. AND LEDWIDGE, B. (1991) Fluoxetine in panic disorder. Can. J.
Psychiatry 36 : 378-380.

SPIER, S. A,, TESAR, G. E., ROSENBAUM, J. F. AND WOODS, S. W. (1986) Treatment of panic
disorder and agoraphobia with clonazepam. J. Clin. Psychiatry 47 : 238-242.

TREIT, D. (1985) Animal models for the study of anti-anxiety agents: a review. Neurosci.
Biobehav. Rev. 9: 203-222.

WESTENBERG, H. G. AND DEN BOER, J. A. (1989) Serotonin-influencing drugs in the treatment
of panic disorder. Psychopathology. 22 (Suppl 1) : 68-77.

WESTENBERG, H. G. M. AND DEN BOER, J. A. (1993a) Serotonin in anxiety related disorders.
In: Serotonin, from cell biology to pharmacology and therapeutics, P. M. Vanhoutte, P. R.
Saxena, R. Paoletti, N. Brunello and A. S. Jackson (Eds.), pp 249-254, Kluwer Academic
Publishers, Dordrecht.

WESTENBERG, H. G. M., VAN VLIET, |. M. AND DEN BOER, J. A. {1992) Flesinoxan, a selective
5-HT,, agonist, in the treatment of panic disorder. Clin. Neuropharmacol. 15 (suppl.): 60

WESTENBERG, H. G. M. AND DEN BOER, J. A. (1993b) Serotonergic basis of panic disorder.



Flight and Panic Attacks 205

in: Psychopharmacology of panic, pp 91-109, Oxford University Press, Oxford.

WILLNER, P., MUSCAT, R. AND PAPP, M. (1992) Chronic mild stress-induced anhedonia: a
realistic animal model of depression. Neurosci. Biobehav. Rev. 16 : 525-534.

WOODS, S. W., NAGY, L. M,, KOLESZAR, A. S., KRYSTAL, J. H., HENINGER, G. R. AND
CHARNEY, D. S. (1992) Controlled trial of alprazolam supplementation during imipramine
treatment of panic disorder. J. Clin. Psychopharmacol. 12 : 32-38.

Inquiries and reprint requests should be addressed to:

Dr. Guy Griebel

CNS Research Department
Synthélabo Recherche

31, avenue Paul-Vaillant Couturier
92220 Bagneux

France



