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Abstract: Panic disorder is characterized by a progression of panic symptom severity with repeated attacks. Repeated
panic episodes evoke heightened anticipatory anxiety, phobic avoidance and are typically associated with comorbid
symptoms of depression. Due to the heterogeneity of the disorder, reliable neurochemical correlates attending panic have
not been identified. However, variable neuropeptide interfacing with major and minor transmitter systems may modulate
individual vulnerability to panic and account for variable panic profiles. The extensive colocalization of cholecystokinin
(CCK) with other neurotransmitters, including dopamine (DA), enkephalin (ENK) and GABA, in specific central sites
may influence various aspects of anxiety and panic. The behavioral correlates attending panic likely follow from variable
neurochemical release and conditioning/sensitization. Clinicians maintain that recurrent panic attacks are spontaneous
(unexpected, uncued) and fail to acknowledge the wealth of information implicating a prominent role for stressful life
events in panic. Conditioning and sensitization of both behavior (e.g., fear-motivated) and neurochemical events (e.g., DA
and CCK) in response to uncontrollable stressors parallel the diverse heterogeneity of panic amongst clinical samples.
Cholecystokinin-4, pentagastrin, lactate acid, and CO, induce panic attacks that are dependent on subjective history,
expectancy measures and panic profiles. Panic disorder is associated with chronic illness and familial sick-role modeling
exacerbates the course of the illness. The current review outlines the evidence in support of a conditioning/sensitization

model for panic, a model that may explain the variable efficacies of pharmacological interventions.

INTRODUCTION

Panic disorder is characterized by the repeated occurrence
of panic attacks. During a panic attack, fear, shortness of
breath, dizziness, heart palpitations, chest pain, sweating,
faintness, paresthesia, nausea and cognitive symptoms
including depersonalization and fear of losing control are
typically reported [1]. Panic disorder is invariably associated
with anticipatory anxiety [2, 3] and is characterized by phobic
avoidance [1]. Indeed, agoraphobic behavior routinely
accompanies panic disorder and is more prevalent among
females [4, 5]. In any event, panic disorder with or without
agoraphobia ordinarily persists for protracted periods and is
accompanied by social and occupational impairments [6, 7],
health risks [8-10] and comorbid psychiatric disturbances
including changes in cognitive function [11], major depression
[12, 13], schizophrenia [14] and substance abuse [15, 16].

Current neurochemical descriptors of panic are suggestive
rather than persuasive and animal models of panic are
provisional [17, 18]. Inferences concerning central correlates
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of panic have been derived from behavioral and neuro-
chemical alterations attending systemic cholecysto-kinin
(CCK) administration in paradigms that simulate anxiety [19,
20]. The panic properties of systemic CCK [21-23] prompt
suggestion that brain stem and spinal respiratory and
cardiopulmonary CCK sites contribute to panic [24-26]. Panic
attacks have been posited to occur in the absence of
demonstrable precipitants (e.g., DSM-IV), despite evidence
that stressful life events precede panic [2, 3, 27-33]. This
observation is appealing, although the distribution, severity
and controllability of stressful life events have received poor
clinical documentation. In any event, the proposal that panic
or the symptoms of panic are influenced by a stressor-CCK
interface is intriguing. In fact, evidence implicating CCK and
panic is convincing and a dopamine (DA)/CCK link to the
disorder has been derived from neurochemical and behavioral
evidence with nonhuman experimentation. Embedded in this
matrix are issues pertaining to validity and generalizability of
nonhuman experimentation and operational definitions of
psychological dysfunction.

Dopamine-CCK colocalization has been detected in
mesocorticolimbic DA neurons [34]. Identification of same
vesicle DA/CCK [35] is consistent with speculation that DA
and CCK co-release contributes to psychological disturbance
[34]. At the very least, the variable influence of CCK on
central DA should provide species-specific behavioral
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correlates of anxiety. Stressful life events may precede panic
in vulnerable individuals. Accordingly, the responsivity of
DA and CCK to aversive life events may influence the
severity of panic symptoms. Mild stressors promote
mesocorticolimbic DA [36] and CCK release [37-39] in rats,
while variations of stressor intensity favor mesocorticolimbic
diazepam-binding inhibitor [40], corticotropin-releasing
factor [41] or B-carboline release (e.g., B-CCE and B-CCM)
[42] in sites responsive to stressor associated alterations of
DA and CCK. Taken together, diverse anxiogenic agents are
released by stressors and the proposal that panic occurs in
response to innocuous events is neither parsimonious nor
appealing [43]. The present review suggests that
conditioning and sensitization of anxiety may promote
gradients of psychological dysfunction that eventuate in
panic. Such an analysis suggests that life events are
appraised soon after panic and rumination defines situational
variables and provides a framework concerning the risk
value of environmental events.

Animal models of conditioning and sensitization focus on
long-term  neurochemical alterations attending psycho-
stimulant administration and the influence of transmitter
variations on locomotor activity and stereotypy [44, 45].
Although locomotor activity and stereotypy are not indices of
anxiety, the neural mechanisms underlying behavioral
sensitization affected by stressors and psychostimulants are
relevant to panic induction. In this respect, emergence and
aggravation of panic symptoms may be occasioned by the
conditioned pairing of anxiogenic agents, including CCK, and
stressful life experience(s). The nature and severity of the
stressor dictates site-specific central CCK release [46, 47]
and the sensitivity of the brain sites examined [38]. Such
variables may define vulnerability to panicogenic
environmental events. Exacerbation of panic symptoms
might be occasioned by recurrent stressors, panic experience
and/or cues associated with such stimuli. In this regard,
panic profiles may parallel nonhuman instances of
sensitization while comorbid psychological disorders,
including depression may outline the variable contributions
of experiential and organismic factors [48], including gender
susceptibility [49-56] as well as environmental context and
conditioning [57-62] to the expression of pathological states.
Parametric analyses reveal variability in the induction,
persistence and magnitude of effects relative to the behavior
examined and the brain sites involved. In view of the
observation that stressors and acute and chronic
psychostimulant administration influence DA [63, 64] and
CCK turnover [38, 39, 65-67] and both DA [31, 68] and
CCK [69, 70] alterations appear in panic patients, it is
suggested that neurotransmitter sensitization may contribute
to panic symptoms.

A sensitization/conditioning account of panic is
appealing because (a) protracted anxiety has been associated
with central DA variations in nonhuman [71] and human
subjects [72-75], (b) CCK/DA colocalization is prevalent in
mesocorticolimbic sites associated with arousal, reward,
learning/conditioning [76], (c) anxiety among nonhuman
subjects is readily induced by CCK administration in animal
models of anxiety including the elevated plus maze [77] and
(d) stressor-associated environmental cues influence
behavioral [78-80] and neurochemical change [81, 82]
reminiscent of the anticipatory anxiety associated with panic
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disorder. This review attempts to determine whether there is
sufficient evidence to suggest that panic symptoms occur
spontaneously or follow from conditioning of central
DA/CCK activity induced by anxiety provoking conditions.
A synthesis of such information is not meant to characterize
the human disorder but rather to evaluate a limited subset of
symptoms, including but not limited to, anticipatory anxiety.

Central Dopamine Turnover: Prelude to Anxiety and
Emergence of Panic Disorder

Investigations of the pathophysiology of panic have
focused on the serotonergic (5-HT), noradrenergic (NE), and
the GABA-benzodiazepine systems [83-90] among other
neurotransmitters. Nevertheless, several lines of evidence
suggest that DA may be involved in anxiety [68, 91] and
panic [31, 68]. For anxiety, although there is a paucity of
information for the role of DA in mediating clinical anxiety,
mild stressors, that provoke mesocorticolimbic DA turnover,
have demonstrable anxiogenic effects in the elevated plus
maze [92-94] and fear potentiated startle [80] in rats. Such
paradigm-associated anxiety, which is responsive to acute
benzodiazepine administration, increased DA concentrations
in the frontal and pyriform cortices, nucleus accumbens,
septum, medial hypothalamus and amygdala [81, 95-98]. In
the latter instance for panic, plasma and cerebrospinal
homovanillic acid (HVA) concentrations, a DA metabolite,
fail to discriminate panic and control subjects [29, 99, 100].
The lack of a neurochemical panic index is not without
precedent since NE alterations, for example, have likewise
failed to discriminate panic from non-panic subjects [101,
102]. Some laboratories have identified DA perturbations
among panic patients with increased anxiety as measured on
the Spielberger State Anxiety scale, augmented panic
frequency in the 12 months preceding clinical interview and
reduced symptom free periods relative to other panic patients
[30, 31, 68]. Unfortunately, evidence for central DA and
laboratory induced panic remains obscure. Laboratories that
have assessed peripheral DA metabolites among normal
subjects during laboratory exercises have failed to produce
anxiety comparable to panic [103]. Indeed, there is no a
priori reason to suspect that innocuous laboratory challenges
will induce panic in patients with the disorder [104]. Still,
contrived laboratory situations provoke panic in some panic
patients [57] suggesting that some individuals are more
vulnerable than others to the impact of specific environ-
mental encounters. It would be of considerable advantage to
secure measures of central DA prior to, during and following
panic induction in a laboratory situation.

Populations in which panic have been well documented
include Parkinsonian patients and persons with schizo-
phrenia. Despite the neurodegenerative nature of Parkinson’s
disease and the wveiling of central neurochemistry by
therapeutic interventions, panic in Parkinson’s disease and
schizophrenia provides subtle evidence for the involvement
of DA in the phenomenology of panic-like states. It is
interesting that divergent alterations in DA associated with
Parkinson’s disease and schizophrenia are associated with
the elicitation of panic-like symptoms. While mesocortico-
limbic contribution to behavioral sensitization following
stressor encounter [105, 106] has received extensive
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documentation, nigrostriatal DA/CCK alterations may also
alter sensitivity to stressors.

Nigrostriatal Dopamine and Cholecystokinin: Anxiety
and Panic-Like Behavior in Parkinson’s Disease

Parkinson’s disease is characterized by insidious
nigrostriatal DA and CCK depletion [107-112]. In addition
to tremor, inertia, rigidity, bradykinesia, akinesia, flexed
posture and gait disturbance, Parkinsonian patients
experience mild depression and irritability as well as
memory and attentional perturbations [111, 113-117]. L-
dopa ordinarily ameliorates Parkinsonian associated motoric
impediments but is ineffective in alleviating affective and
cognitive symptoms of the disorder [111]. Advanced
Parkinsonian stages reduce the efficacy of I-dopa in
alleviating motor disturbance and not surprisingly symptom
free intervals [118]. Parkinsonian patients experiencing daily
on/off episodes report increased instances of anxiety and
depression during I-dopa off stages [111, 119-121],
prompting increased I-dopa therapy [122]. Alleviation of
mood disturbance and anxiety at this juncture may be
attributable to the I-dopa dose employed [123] or perhaps
patient appraisal of restored motor function [73]. It should be
considered that approximately 40% of I-dopa treated
Parkinsonian patients [124-126] exhibit a DA mesocortico-
limbic-associated psychosis [127, 128]. Protracted I-dopa
treatment, therapeutic dose increases and episodic instances
of pharmacological insensitivity to peripheral DA loading
have been linked to the emergence of panic-like symptoms
(2.6 £ 1.4 panic attacks per day) among Parkinsonian
patients [73, 122]. Nevertheless, panic frequency comparison
between Parkinsonian and panic patients is obscured in the
latter instance by investigations that fail to provide definitive
panic statistics. Despite such difficulties, Parkinsonian panic
(a) represents a relatively severe version of the disorder, (b)
is distributed equally among male (45%) and female subjects
(55%) [122] and (c) only emerges during latter stages of the
disease (e.g., 60-70 years of age). In contrast, panic patients
are most likely to experience a panic episode when they are
middle-aged, rarely following age 65, and the disorder is
more prevalent among females [4]. Nigrostriatal degenera-
tion may contribute to the paresthesia, burning sensations
and discomfort emanating from the feet, chest or face
immediately prior to panic [122]. Although a Parkinsonian
focus on specific symptoms preceding panic has not been
verified, such vigilance would parallel the documented
physiological monitoring characteristic of panic subjects
[129]. In this respect, distraction of Parkinsonian patients
from antecedent neuromuscular perturbations attenuates
panic [122].

It is unlikely that estrogen availability can account for
panic among Parkinsonian patients. While panic frequency
and severity could be reduced in female relative to male
Parkinsonian patients owing to menopause onset, such
predictions have not been verified. In fact, estrogen
replacement has been associated with the alleviation [130]
and the exacerbation [131] of panic symptoms in panic
patients. Panic episodes characterized by pre-panic
palpitation, chest discomfort, tightness of jaw, teeth grinding
and muscle ache were attenuated by estrogen. In contrast,
panic episodes lacking such a prominent motor profile are
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exacerbated by estrogen. In Parkinsonian patients, I-dopa
fluctuations and panic are often coupled to mood alterations
such as depression. Increased estrogen levels in female rats
have been associated with an increase in the rewarding value
of brain stimulation from the medial forebrain bundle [132].
Taken together, the demonstration that (a) estrogen alleviates
I-dopa nigrostriatal perturbations, (b) I-dopa fluctuations are
associated with cognitive alterations including depression
and psychosis (e.g., mesocorticolimbic DA alterations) and
(c) the demonstration that I-dopa motoric fluctuations and
depression are associated with the development of panic
among Parkinsonian patients preclude an estrogen-based
argument. In effect, an estrogen hypothesis defining
emergence, maintenance and exacerbation of panic in
Parkinson’s disease cannot readily account for the available
data. In addition, the nature of the somatic experience per se
does not appear to be relevant to the induction of panic.
Rather, it seems that the intensity of the cognitive
experience, regardless of the symptom cluster anticipated,
may be sufficient to elicit panic. Such an interpretation
suggests that panic emerges following rumination over
perceptually defined salient cues in diverse pathological
states (Fig. 1). In effect, panic among cardiac patients [133],
depressed subjects [13, 28, 134-142] or individuals with
myasthenia gravis [9] is not surprising. Clearly, conspicuous
neurochemical variations attending Parkinson’s disease
contribute to the emergence of somatic complaints and favor
vigilance during treatment resistant intervals. In effect,
fluctuations in Parkinsonian symptoms, coupled with
pervasive, anticipatory stressors, may promote panic among
treatment resistant Parkinsonian patients.

At first glance, it is not clear that panic among
Parkinsonian patients contributes to the elucidation of the
neural mechanisms associated with panic-like states and/or
the putative influence of sensitization. These data merely
suggest that panic-like symptoms in Parkinsonian patients
follow from some neurochemical cascade elicited by DA
denervation. Indeed, the appearance of panic-like symptoms
in Parkinsonian patients coincides with the time course of
mesolimbic DA denervation (e.g., VTA and prefrontal
cortex) [143-145]. In addition to alterations in mesolimbic
DA activity, post-mortem analyses of Parkinsonian brain
tissue have also provided evidence for altered nigrostriatal
CCK activity [107-110, 146]. Such changes in nigrostriatal
CCK concentrations parallel indices of I-dopa treatment
resistance (e.g., I-dopa resistant patients and animal model of
Parkinson’s disease [147-151] and symptom severity [107-
110]). As such, it is conceivable that nigrostriatal DA/CCK
and mesolimbic DA alterations contribute to the eventual
expression of panic among Parkinsonian patients owing to
the gradual denervation of mesocorticolimbic sites from the
substantia nigra. In effect, panic associated with nigral
denervation and prompted by I-dopa induced psychosis,
suggests that a neurochemical depletion threshold may be
attained during the latter stages of Parkinson’s disease.
Available evidence to date has certainly not established a
causal role for mesocorticolimbic CCK and panic among
Parkinsonian patients. At best, plasma CCK levels and post-
mortem CCK-binding provide provisional indices of
augmented CCK turnover in specific subject populations
experiencing varying levels of anticipatory anxiety [152,
153]. Nevertheless, anticipatory anxiety among Parkinsonian
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Fig. (1). Schematic diagram outlining the progression of events that leads to panic disorder. Initial antecedent events or mild stressful
events elicit some physical or cognitive changes following the repeated occurrence of symptoms (subtle physical or cognitive) that culminate
in severe anxiety states with disease progression. Interestingly, CCK alterations have been documented in schizophrenia and Parkinson’s
disease. Events may occur as early as before birth, with a critical period identified as prior to the age 18, and span across the lifetime.

patients may occur in response to the stressor-like
experiences occasioned by the off stages of I-dopa therapy
(c.f. stressor induced CCK alterations in nonhuman subjects,
[38, 39, 67]). Indeed, variations of mesocorticolimbic CCK
availability between DA-denervated Parkinsonian patients
experiencing panic and age, sex and disease matched
subjects would be intuitively appealing. While such
provisional arguments must be held in abeyance, panic-like
symptoms among Parkinsonian patients coincide with (a)
changes in nigrostriatal CCK availability during the late
stages of the disease and (b) the emergence of presumably
enhanced stressor periods among Parkinsonian patients (c.f.
DA/CCK interface following stressor imposition in
nonhuman subjects, [38, 39, 154, 155]). However, the
appearance of panic among Parkinsonian patients
experiencing gradual exacerbation of cognitive dysfunction
(e.g., impairments in memory and attention and the
development of psychoses, [111]) and motoric debilitation
(e.g., during l-dopa off periods and dyskinesias) lends
support to a sensitization/conditioning hypothesis in the
acquisition and expression of panic.

Dopamine and Cholecystokinin in the Mesocorticolimbic
System: Anxiety and Panic-Like Behavior in Schizophrenia

Paranoid forms of schizophrenia have been associated
with elevated anxiety as revealed by the Brief Psychiatric
and Hamilton Anxiety Rating Scales [156-162]. These
psychiatric patients routinely report experiencing a high
incidence of daily life stressors (e.g., loss of social support,
divorce, death of a loved one, impending job and/or
residential changes and admission to a psychiatric facility)
that exacerbate schizophrenic episodes [161, 163-172].
Moreover, repeated exposure to such life stressors increase
anticipatory anxiety as revealed by exaggerated startle
responsivity among individuals with schizophrenia [173,
174]. While atypical, severely stressful life events, including
active military duty, for example, may precipitate psychotic
episodes in vulnerable individuals [163], repeated experience
with milder, stressful life events (e.g., loss of social support)
over a few months has also led to schizophrenic symptom
exacerbation, including psychosis [166]. In effect, elicitation

and/or exacerbation of the symptoms of schizophrenia might
be occasioned by a broad spectrum of life stressors, varying
in severity and chronicity. Interestingly, panic and
agoraphobia (e.g., 2.4 + 1.4 attacks per week) have been
reported among individuals with a history of paranoid
schizophrenia (e.g., >4 years) by several different
laboratories [72, 175-178]. The panic symptoms experienced
by individuals with schizophrenia appear to represent a
moderately severe panic course reminiscent of that
experienced by Parkinsonian patients [179]. Characteristic-
ally, individuals with schizophrenia who experience panic-
like symptoms tend to be socially introverted, consistent
with pervasive paranoia and/or embarrassment associated
with psychotic episodes [175, 178]. The frequency of panic-
like symptoms among individuals with schizophrenia
coincides with the psychotic episodes that are associated
with anxious cognition, including rumination over
agoraphobic fears and increased somatic perturbations [175,
178, 180, 181]. Indeed, preoccupation with and attention to
somatic and cognitive perturbations punctuated with varying
degrees of psychosis may contribute to panic symptoms in
individuals with schizophrenia. While somatic monitoring in
schizophrenia would parallel the physiological vigilance
characteristic of panic [129], cognitive monitoring may be
specific to schizophrenia. Individuals with schizophrenia are
undoubtedly cognizant of the progression of schizophrenic
symptomatology (see [182] for discussion of suicide preva-
lence among individuals with schizophrenia). However,
severe schizophrenic illness may preclude cognitive inter-
vention strategies with demonstrated efficacy on panic
symptomatology in Parkinson’s patients [122] and panic
patients [183]. Nevertheless, panic symptom attenuation in
schizophrenia coincides with decreased psychotic episodes
(e.g., alprazolam, 2.5 - 5mg/day, [177, 178]) or reduced
agoraphobic  associated behavior (e.g., imipramine,
50mg/day, [175]). At this juncture, it is not readily apparent
whether the neural mechanisms underlying schizophrenia are
likewise conducive to the expression of panic. For example,
psychosis has been demonstrated in panic patients. The
appearance of psychosis among panic patients is related to
the duration of panic (>10 years), severity (>3 panic
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attacks/day) of panic symptomatology and the presence of
agoraphobia [184-186]. Moreover, the relative risk for
schizophrenia among panic patients appears to be
conspicuously increased relative to the general population
[185]. Taken together, central neurochemical alterations
accompanying psychopathology and/or the gradual
emergence of conditioned behavior (e.g., agoraphobia) may
influence the course of panic-like symptoms.

Hypersensitivity of mesocorticolimbic DA activity, as
measured by DA binding [187, 188], DA mRNA [189],
positron emission tomography (PET) [190] and '**I-IBZM
SPECT [191, 192] among individuals with schizophrenia,
appears to coincide closely with the expression of positive
schizophrenic  symptoms such as delusions and
hallucinations [193, 194]. Notably, positive symptoms of
schizophrenia are associated with social and agoraphobic
fear [161]. It should be underscored that negative symptoms
of schizophrenia such as poverty of speech, flattened affect
and psychomotor retardation are not associated with
hypersensitivity of mesocorticolimbic DA activity (see [195]
for review) or panic. It should be considered that
mesocorticolimbic hypersensitivity might follow from the
chronic neuroleptic regimens employed to attenuate
delusions and hallucinations [196]. Typically, delusions,
hallucinations and phobic avoidance assessed by the
Minnesota Multiphasic Personality Inventory (MMPI),
Clinical General Impression (CGI) and the Brief Psychiatric
Rating Scale (BPRS) [157, 159, 195, 196] are exacerbated
over the course of the illness. The gradual exacerbation of
schizophrenic symptoms has prompted suggestion that
conditioning and/or sensitization of mesocorticolimbic DA
(see [181, 197-199] for review of mesocorticolimbic DA and
cognition; c.f. amphetamine psychosis, [200-203])
underlie(s) expression of at least some of the behaviors
associated with schizophrenia [91, 187, 204, 205]. In
addition to alterations of central DA activity, there are some
data that outline a putative contribution of central CCK to
the etiology and maintenance of schizophrenia [206-209].
Postmortem determinations have revealed increased CCK
concentrations in the striatum and mesencephalon [210, 211]
and reduced CCK availability in the amygdala and
hippocampus [212-214] as well as concomitant reductions of
CCK mRNA in the temporal and frontal cortices in
neuroleptic treated individuals with paranoid schizophrenia
relative to controls matched for age (65.8 + 6.8 years),
morbidity (e.g., heart disease and cancer) and postmortem
delay (16.6+4.2 hours) [215]. Available studies to date have
clearly not established a relationship between central CCK
and panic in individuals with schizophrenia and
investigations documenting central CCK variations among
individuals with paranoid schizophrenia typically fail to
document any symptoms reminiscent of panic. It is
interesting, however, that postmortem CCK determinations
in brain tissue have verified patterns of CCK activity within
specific brain sites associated with positive and negative
symptoms of schizophrenia. On the one hand, positive
symptoms of schizophrenia, precipitated by increased DA
activity [195, 196, 216, 217], are associated with a greater
reduction in frontal cortex CCK mRNA compared to the
temporal cortex. On the other hand, negative symptoms of
schizophrenia are associated with reduced CCK mRNA in
the temporal cortex, amygdala and hippocampus [215].
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Panic attacks fluctuate with psychosis severity and it would
be of interest to determine mesocortical CCK activity (e.g.,
PET scan) among individuals with schizophrenia during a
panic episode. Curiously, neuroleptic strategies for schizo-
phrenia (e.g., haloperidol) increase striatal and mesolimbic
CCK concentrations [218, 219] and increase CCK binding
(e.g., decreasing CCK tissue levels) in several cortical areas
in nonhuman subjects that persist for several weeks [219-
221]. Panic-like symptoms and exacerbation of schizo-
phrenia following neuroleptic withdrawal [175, 222, 223]
has been associated with increased CCK activity and conco-
mitant release of the anxiogenic substances, corticotropin-
releasing factor [224] and diazepam-binding inhibitor [225,
226].

While the panic properties of CCK-4 have been
empirically documented among panic patients and healthy
volunteers [21, 227], demonstration of the panic inducing
properties of CCK-4 in individuals with schizophrenia is
unavailable (c.f. CCK-8S administration in schizophrenia,
[208, 228-234]). Recall that in individuals with schizo-
phrenia, social and agoraphobic fear have been reported to
precede panic attacks [175]. Interestingly, in rats, social
isolation has been associated with an upregulation of CCK,
receptors in the frontal cortex [235]. It is conceivable that
some personality variables associated with schizophrenia
(e.g., social introversion or social alienation) provide indices
of panic susceptibility following CCK-4 challenge. For
example, the intensity of somatic, affective and cognitive
responsivity to CCK-4 (e.g., Panic Symptom Scale) in panic
patients has been related to anxiety sensitivity (e.g., Anxiety
Sensitivity Index) and self-alienation scores derived from the
MMPI Social Inversion Subscales [22]. It would be of
interest to determine the effects of CCK, antagonists, which
attenuate the panicogenic effects of CCK-4 in panic patients
[236], on agoraphobic fear and panic symptoms in
individuals with schizophrenia (c.f. neuroleptic properties of
CCK, antagonists in nonhuman preparations, [237]). If
CCK; antagonists were efficacious in the treatment of panic
symptoms among individuals with schizophrenia (e.g.,
psychosis, agoraphobia and/or social avoidance), it is
conceivable that alterations in mesocorticolimbic CCK,
receptor activity sustain expression of both schizophrenic
and panic symptoms. Moreover, it should be considered that
current therapeutic interventions (e.g., haloperidol), which
promote increases in CCK activity in the frontal cortex of
nonhuman subjects, might contribute to panic-like responses
among individuals with schizophrenia. Taken together,
alienation, introversion, panic and psychotic exacerbation
may be associated with variants of enhanced CCK sensitivity
and/or over activity of central DA and contribute to the
expression of panic symptoms in individuals with
schizophrenia.

Panic-like symptoms among individuals with schizo-
phrenia are reminiscent of those reported by Parkinsonian
patients and may be occasioned by (a) the prevalence or
perceived prevalence of stressful life events, (b) alterations
of central DA/CCK availability associated with chronic
illness and/or (c) the chronicity of therapeutic interventions.
Interestingly, Parkinsonian panic coincides with reduced I-
dopa efficacy and I-dopa induced psychosis. Furthermore,
autoradiographic data suggest comparable mesocorticolimbic
DA receptor variations (e.g., frontal cortex and nucleus
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accumbens) in paranoid schizophrenia and Parkinsonian
patients experiencing I-dopa psychosis [145, 238-243]. The
saliency of mesocorticolimbic DA/CCK alterations to the
promotion of panic in individuals with schizophrenia and
Parkinson’s disease is obvious. Taken together, the repeated
encounters with stressful life events may facilitate panic in
Parkinsonian patients, individuals with schizophrenia and
panic patients (see Fig. (1)). The clinical vantage (DSM-1V)
typically asserts that stressful life events do not participate in
the precipitation or maintenance of panic. However, panic
often emerges in clinical populations with demonstrated
vulnerability to stressful life events (e.g., depression,
schizophrenia, Parkinson’s disease). In order to determine
whether stressful life events contribute to the provocation of