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The responsiueness of tlze l111potlzala111ic-pituitarlf
admwcortical (HI'A) s11strn1 um inuestigated -with tlze 
con 1bi ned dcxn n1ct/wso11e-cort icot ropin-rc/easi ng hor111011c 
(DEX-CRH) clwllrnge test in 13 patients with "pure" 
panic disorder, After DEX prctrcnt111c11t, this group of 
patients had higher CRH-induced adrenocorticotrophic 
/zomwne ( ACTH) and cortisol leuc/s than the control group, 
but lower ln 1cls than a rcfcrc11cc group of depressed 
patients. The panic disorder patients ,ucrc also in a middle 
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Panic disorder is one of the most impressive "stress
related disorders" currently encountered in clinical set
tings (Holsboer et al. 1992; Roy-Byrne 1992; Bourgeois 
1993). The panic attacks are unexpected, are perceived 
as producing seYere physical discomfort, and are often 
accompanied by fear of going crazy or e\'en of dying 
(APA 1987), The clinical picture of panic disorder paral
lels the response pattern of normal subjects in acute 
stress situations, as in an aversiYe life event such as ma
ternal separation in human infants (Larson et aL 1991) 
and (simulated) flight accidents (Sive and Hattingh 
1991 ). Panic resu Its partly from the indi,·idual's inabil-
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position in tlze ratio of suppressors to 11011suppressors on the 
dcxamctl111sone suppression test (OST) and in the ratio of 
normal to abnormal results on the DEX-CRH test. Our 
results using the combined DEX-CRH test, which is known 
to be /1111clz more sensitive tlzan tlzc original DST, support 
t/1e lzypotlzesis that HPA system functioning is altered in 
panic disorder patients and that tlzis dysrcgulation is 
directly involI1cd in the pathogenesis of the disorder, 
[Neuropsyclzopharmacology 15:7-15, 1996] 

ity to deYelop adequate coping strategies in response to 
an unexpected stressor; concomitantly, a significant in
crease in the activity of the hypothalamic-pituitary
adrenocortical (HPA) system can be observed (Breier et 
aL 1987). 

Disease-specific physiological alterations in panic 
disorder have been investigated with a plethora of stim
ulation tests. These tests include infusion of sodium lac
tate, inhalation of carbon dioxide, and administration of 
adenosine receptor blockers (e.g., caffeine), aTadrener
gic antagonists (e.g., yohimbine), serotoninergic ago
nists (e.g., mCPP, fenfluramine), inverse benzodiaz
epine agonists (e.g., [3-carbolines), and benzodiazepine 
antagonists (e,g., flumazenil) or peptides such as chole
cystokinin-4 (for reviews, see Cameron and Nesse 1988; 
Kahn and van Praag 1992; Nutt and Lawson 1992). 
However, most of these challenge tests induce panic 
attacks in only a certain percentage of the afflicted 
patients. In parallel, many of these panicogens fail to ac
tivate the HPA system. The lack of pituitary-adrenocor
tical activation during lactate-induced panic attacks, for 
example, may be due to a more pronounced concomi
tant surge of atrial natriuretic hormone (ANH) in panic 
disorder patients than in normal controls (Kellner et al. 
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1995), taking into consideration that ANH has been 
demonstrated to inhibit the corticotropin-releasing hor
mone (CRH)-stimulated secretion of adrenocorticotrophic 
hormone (ACTH) and cortisol in man. 

The issue becomes even more puzzling if the find
ings on HPA system regulation in panic disorder ob
tained so far with different research strategies are con
sidered. 

1. Generally, plasma cortisol and ACTH levels under 
baseline conditions have been found to be unaltered 
in panic disorder patients (cf., Cameron and Nesse 
1988; Holsboer 1992), although there have been a 
few recent reports of increased plasma ACTH con
centrations before pharmacological treatment (Bram
billa et al. 1992) and of significantly enhanced plasma 
cortisol levels in an electrodermally differentiated 
subgroup of panic disorder patients (Kopp et al. 1989). 

2. However, cortisol nonsuppression following dexa
methasone pretreatment (dexamethasone suppres
sion test; DST) can be found in nearly one third of 
panic disorder patients (Kopp et al. 1989; Coryell et 
al. 1991; Kuboki and Suematsu 1992). 

3. Finally, a corticotropin-releasing hormone (CRH) chal
lenge in panic disorder patients is followed by a 
blunted ACTH release, whereas the cortisol response 
remains similar to that found in normal controls 
(Roy-Byrne et al. 1986; Holsboer et al. 1987; Rapa
port et al. 1989). This response pattern results in a 
significantly lowered ACTH/ cortisol ratio after CRH 
challenge in the patients (Holsboer et al. 1987; Bram
billa et al. 1992). 

Thus panic disorder patients, unlike depressed pa
tients, do not show any relevant alterations in their 
basal pituitary-adrenocortical hormone secretion pat
tern. However, after a CRH challenge, panic disorder 
patients, like depressed patients, display clear-cut signs 
of altered HPA activity. Consequently, panic disorder 
may be considered to be an illness that is characterized 
by only a "subthreshold" dysfunction of the HPA system. 

In the present study we administered the combined 
dexamethasone suppression-CRH challenge (DEX-CRH) 
test to a group of panic disorder patients. This test com
bines the classical DST with a standard CRH challenge 
and assesses HPA disturbance with a very high sensi
tivity that exceeds by far that of the routine DST 
(Heuser et al. 19946). Our hypothesis was that the com
bined DEX-CRH challenge test would unveil an other
wise "hidden" hyperfunction of the HPA system in 
panic disorder patients by producing a CRH-induced 
cortisol escape from dexamethasone suppression simi
lar to that observed in depressed patients. To avoid pos
sible confounding effects on the test results of a comor
bidity with depression, we included only patients with 
"pure" panic disorders, that is, without an additional 
lifetime or current diagnosis of major depression. 
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METHODS 

Subjects 

Thirteen inpatients with a diagnosis of panic disorder 
with agoraphobia (9 women, 4 men; age: 31.0 ± 10.1 
years) participated in the study. None of the patients 
fulfilled the diagnostic criteria for a lifetime or current 
diagnosis of major depression or any other psychiatric 
disorder. 

Ten patients (8 women, 2 men; age 33.0 ± 7.0 years) 
with major depression but without any concomitant di
agnosis of another psychiatric disorder, in particular an 
anxiety disorder, served as a reference group. 

All patients were inpatients at the Clinical Institute 
of the Max Planck Institute of Psychiatry. Diagnoses 
were made according to DSM-III-R criteria (APA 1987) 
and were confirmed with the Structured Clinical Inter
view for DSM-III-R [SCIO; German version: SKID (Witt
chen et al. 1990)]. For the panic disorder patients, these
verity of the anxious symptomatology was rated on the 
Hamilton Rating Scale for Anxiety (HAM-A; Hamilton 
1976). For both groups of patients, the Hamilton Rating 
Scale for Depression (HAM-D; Hamilton 1968) was 
used to assess depressive psychopathology. 

Ten paid healthy volunteers with no personal (con
firmed by the SKID) or family history of psychiatric dis
orders (confirmed by a semistructured interview) served 
as control subjects (3 women, 7 men; age: 28.1 ± 3.5 years). 

All study participants were screened by a thorough 
physical examination, including laboratory tests (e.g., 
electrocardiogram, blood analysis, and drug monitor
ing for amphetamines, barbiturates, benzodiazepines, 
cocaine, and opiates) and cranial computed tomography 
(patients only). Panic disorder and depressed patients 
who had been treated with psychoactive medication 
(e.g., benzodiazepines and/ or tricyclic antidepressants) 
had to complete a washout period of at least 7 days be
fore neuroendocrine testing. In any case, the duration of 
the washout period was at least three times the half-life 
of the respective drug and its active metabolite. 

Patients and controls gave written informed consent 
after the purpose and procedure of the study had been 
fully explained. The study protocol was approved by 
the local Ethics Committee for Human Experimentation. 

Procedure 

The DEX-CRH test was performed as described in de
tail elsewhere (von Bardeleben and Holsboer 1989, 
1991; Heuser et al. 19946). Briefly, all participants re
ceived an oral dose of 1.5 mg dexamethasone at 2300 h 
on the night preceding the test. On the day of the test, a 
calorie- and electrolyte-balanced lunch was served. At 
1300 h, subjects were asked to rest in a semi-recumbent 
position on a bed in a single room where they could be 
monitored by a video system. All subjects remained 
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seated during the whole test period. The only activity 
allowed was light reading. At 1330 h, a catheter was in
serted into a forearm vein and connected to a long tube 
that ran passing through a soundproof lock into the ad
jacent laboratory unit. Heart rate and blood pressure 
were monitored automatically throughout the study. 
Blood samples were drawn at fixed time points (see Fig
ure lA and lB) from 1400 h to 1800 h. At 1500 h, 100 µg 
CRH (Bissendorf Peptide, Wedemark, Germany) recon
stituted in 1 ml 0.02% HCl in 0.9% saline was infused 
within 30 seconds. 

Apart from a transient facial flush and a feeling of 
warmth experienced by nearly all participants, no ma
jor side effects or changes in heart rate and blood pres
sure were observed following the injection of CRH. 
Blood specimens were stabilized with EDTA (1 mg/ ml 
blood) and aprotinin (300 KIU/ml blood) and centri
fuged for 10 minutes at 4°C and 4,000 rpm immediately 

Panic Disorder and HP A System Dysregulation 9 

1800 h 
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Figure 1. ACTH (A) and cortisol {B) 
response curves to CRH after dexam
ethasone pretreatment in panic disor
der (solid squares), and major depression 
(open circles) patients and in healthy 
subjects (open squares). 

after sampling. After aliquoting, plasma was stored at 
-80°C and at -20°C before being assayed for ACTH 
and cortisol, respectively. 

Plasma cortisol concentrations were analyzed using 
a commercially available radioimmunoassay kit with a 
coated-tube technique (ICN Biomedicals, Carson, CA). 
The detection limit was 0.3 ng/ml plasma; intra- and in
terassay coefficients of variation for 20- and 40-ng/ml 
levels were <7%. Immunoradiometric assays without 
extraction procedures were used (Nichols Institute, San 
Juan Capistrano, CA) for ACTH measurements. The de
tection limit for plasma ACTH concentrations was 3.5 
pg/ml in our laboratory, and the intra- and interassay 
coefficients of variation at 20 pg/ml plasma were <8%. 

Statistical Analysis 

The mean values for the samples drawn between 1400 h 
to 1500 h were termed Baseline concentrations. The 



10 W. Schreiber et al. 

maximal hormone response after CRH administration 
(between 1515 h to 1800 h) as termed Peak and the time 
period from 1515 h until the occurrence of the peak was 
called Peak Latency. Furthermore, the maximal post
CRH hormonal increase corrected for baseline was cal
culated (Delta). The ACTH and cortisol responses to 
CRH were calculated as the net areas under the re
sponse curved (AUCnetl using trapezoidal integration. 
Pituitary-adrenal ratios as crude estimates of adrenal 
responsiveness were defined as the ratio of AUCnet for 
ACTH to AUC,wt for cortisol. In addition, the DST sta
tus was determined based on the highest plasma corti
sol concentration between 1400 h to 1500 h with a cut
off value at 110 nmol/1 defining DST nonsuppression. 

Besides calculation of descriptive statistics (means ::':: 
SD), a multivariate analysis of variance (MANOVA) 
was carried out to identify possible main group effects. 
If there were such effects, modified least significant dif
ference tests were computed to unveil differences among 

NEUR0PSYCH0PHARMAC0L0GY 1996-V0L. 15, NO. I 

the three samples under investigation. To reveal possi
ble differences with respect to gender distribution, DST 
suppressor /nonsuppressor, and normal/ abnormal DEX
CRH challenge test ratios among the three groups, 
Pearson's chi-square testing (two-tailed) was carried 
out. To control for gender difference, an analysis of co
variance (ANCOVA) with sex as the covariate was 
done. Correlational analysis was done by computing 
Pearson correlation coefficients. 

RESULTS 

The three groups of subjects, panic disorder patients, 
depressed patients, and healthy control subjects, were 
of similar age. There were differences in the ratios 
of women to men, but they did not reach significance. 
The depressed patients displayed significantly higher 
HAM-D scores than the panic disorder patients (Table 1). 

Table 1. Characteristics of Subjects and Results of DEX-CRH Test in Patients with Panic Disorder, Patients with Major 
Depression, and Healthy Subjects 

Panic Major Healthy 
Disorder Depression subjects Multiple Tests 
(n = 13) (n = 10) (n = 10) (MODLSD) 

MANOVA 
p D C F(2,30) P*D P*C D*C 

Age 3).0 :+: lll.1 34.2 := 6.4 28.1 :+:3.5 1.00 

Women/Men 9/-l 8/2 3/7 x2 = 5.90 
HAM-D 1ll.5 = S.3 28.-± :c 5.7 26.81*** 
HAM-A 20.l +: 6.7 

ACTH 
Baseline (HOO to 

1500 h; pmol/L) 1.9 +: 0.8 2.8:+:1.5 1.2 :+: 0.-l 6.13* NS NS t 
Peak (max. cone. 

after CRH; pmol/L) 3.3 2.7 8.1 :+: 3.-l 4.6 :c: 2.6 4.02* :j: NS t 
Delta (peak-

baseline; pmol/L) 3.3-+_ 2.3 5.3 :+: 3.2 3.-t :+: 2.5 1.85 
AUC net 

(1500 to 1800 h) 313 :+: 221 414.3 :c: 308.3 289 :+: 158 0.77 

Cortisol 
Baseline (1400 to 

lSOO h; nmol/L) 39.9 :+: 31.6 80.8 :+: 74.5 17.6 :+: 6.3 3.71 * :j: NS t 
Peak (max. cone. 

after CRH; nmol/L) 215.ll :+: 154.0 384.6 := 179.7 73.-± :+: 37.5 10.63*** t t :j: 

Delta (peak-
:j: :j: :j: bas,c'linc; nmol/L) 1751 :+: J-l7.0 303.8 :c: 188.0 55.8 :+: 36.6 7.11 ** 

AUC net 
(1500 to 1800 h) J 77ll9 :c: 169-l2 2666-t :+: 22589 4287 :+: 3060 -lA3* NS NS t 

DST suppressors/ 
nonsuppressors 12/1 7/3 10/0 x2 = 5.11 

Response to CRH 
stimulation 

Normal/ Abnonnal'7 -l/9 0/10 8/2 x2 = 14.11*** +tb :j:j:l, :\:tb 

Pituitary-adrenal ratios 0.11 :+: 0.22 0.02 :+: 0.01 0.12 :+: 0.10 1.32 

l-lAlv1-D: Hamilton rating scale for depression; HAM-A: Hamilton rating scale for anxiety; AUC: area under response curve; DST: dexarnethasone 
suppression test: l'· panic disorder; D: major depression; C: healthy subjects; MAN0VA: *p < .05; **p < .01; *** p < .001; MODLSD: Modified least 
significant difkrence test: blank fields: not tested; NS: not significant; t: significant group differences. 

'
1 According to a peak cut-off value of l 10 nmol/L. 
1'Chi-sc1uare test +t, I' / .05. 
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In the three groups, the ratios of the DST suppressors to 
nonsuppressors showed a strong trend toward signifi
cant differences (Table 1). 

Concerning the DEX-CRH challenge test, the time
course pattern of CRH-induced ACTH and cortisol se
cretion after DEX pretreatment proved to be similar in 
all three groups, with the panic disorder patients taking 
a middle position between the depressed patients and 
the healthy controls (Figure 1). 

MANOVA results showed a significant main group 
effect (Wilks's lambda: 2.28, p < .05). The univariate F 
tests within MANOVA revealed that the following pa
rameters contributed significantly to this effect (Table 1): 
the Baseline concentrations and the Peak values of 
ACTH, the Baseline concentrations of cortisol, and the 
Peak, Delta, and AUCnet values of cortisol. No effects 
were found regarding the ACTH Delta and AUC11e1 val
ues or the pituitary-adrenal ratios. 

Significant differences were located with the modi
fied least significant difference tests. For ACTH, in
creased mean Baseline plasma levels were found only 
in the depressives. The PEAK values after CRH stimu
lation differed significantly between the panic disorder 
patients and the depressives and between the depressed 
patients and the healthy controls. 

Cortisol Baseline values showed that the depressed 
patients had significantly elevated values compared to 
both the panic disorder patients and the healthy con
trols; although the panic disorder patients displayed 
Baseline cortisol concentrations that on average were 
more than twice as high as in the healthy control group, 
this difference did not reach significance. Significant 
differences between all groups under investigation could 
be observed for Peak and Delta values. For AUCnet val-
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ues, there was a significant difference only between de
pressed patients and healthy controls (Table 1, Figure 2). 

An abnormal DEX-CRH test result, defined as a 
CRH-induced cortisol response above a cut-off value of 
110 nmol/1, was found in 9 (69°/4,) panic disorder pa
tients and in 10 (100%) depressed patients, but only in 2 
(20%) healthy subjects. These differences proved to be 
highly significant. Subsequent group-by-group compar
isons (Pearson's chi-square test) showed that all groups 
differed significantly from each other (Table 1). 

Because there was a strong tendency to differing fre
quencies of women and men in the three samples (p = 
.052), we did an additional ANCOVA with sex as the co
variate. However, this did not lead to any substantial 
changes in the results already presented. Significant sex 
effects were observed in the Delta values and the Peak 
values of cortisol [F(l) = 4.24, p < .05; F(l) = 6.19, p < 
.05], as well as in the PAR values [F(l) = 9.76, p < .01)]. 
The remaining variables under investigation were not 
significantly influenced by the patients' gender. 

Finally, by means of correlational analyses, a signifi
cant influence of age, current psychopathology (HAM-A 
and HAM-D), and duration of disease on the degree of 
HPA system responsiveness could be ruled out in the 
panic disorder patients. 

DISCUSSION 

In the present study, plasma ACTH and cortisol re
sponses to CRH after DEX pretreatment were measured 
in panic disorder patients and compared with the re
spective values for depressed patients and healthy con
trols. ln panic disorder patients, the responsiveness of 

ACTH CORTISOL 
pmol x minll 

600 F(2,30)=0.n, n.s. 

500 

(nmol x min/L) x 1 o3 

F(2,30)=4.45, p<0.05 35 

30 
Figure 2. Net areas under the ACTH 
and cortisol response curves to CRH 
(1500 h to 1800 h, means:+:: SEM) after 
dexamethasone pretreatment in panic 
disorder (~rct/ bars) and major depres
sion (dark bars) patients and in healthy 
subjects (whifl' bars). 



12 W. Schreiber et al. 

the HPA system to a combined DEX-CRH challenge test 
was found to be higher than in healthy controls, but 
lower than in depressed patients. This middle position 
of the panic disorder patients is further reflected by the 
respective DST suppressor/nonsuppressor and the nor
mal/ abnormal DEX-CRH test ratios. 

The ratio of panic disorder patients displaying corti
sol nonsuppression in the DST was fairly low (1:12) 
considering the 1:3 ratio generally reported in the litera
ture (Kopp et al. 1989; Coryell et al. 1991; Kuboki and 
Suematsu 1992). In contrast to these studies, however, 
we excluded all panic disorder patients with a current 
and/ or lifetime diagnosis of a major depression, ensur
ing a "pure" diagnostic sample. The reason for this 
strategy was that the coexistence of a manifest depres
sive disorder presumably represents a confounding and 
amplifying factor in HPA system dysregulation (Kathol 
et al. 1989; Coryell et al. 1991; Blouin et al. 1992). We 
also found a somewhat lower-than-expected ratio of 
cortisol nonsuppressors to suppressors in our depressed 
patients. This might best be explained by the relatively 
mean young age in this study sample because alter
ations of the HPA hormone regulation are known to in
crease in frequency with age (Dahl et al. 1989; von 
Bardeleben and Holsboer 1991; Heuser et al. 1994a). Nev
ertheless, a higher frequency of DST nonsuppression in 
our depressed patients would not have changed the 
present finding that panic disorder patients, as a diag
nostic entity, take a clear middle position in the HPA 
system dysregulation between depressed and healthy 
controls. 

Given the fact that overactive CRH neurons may 
cause the manifold neuroendocrine and behavioral al
terations commonly observed in depression (Holsboer 
1992, 1995), the presence of altered HPA system respon
siveness in panic disorder brings up two major points 
of interest, (1) the presumed etiological role of CRH in 
the pathogenesis of panic disorder, and (2) the discrep
ancy between HPA system dysregulation in panic dis
order and depression. 

Gorman and coworkers (1989) postulate an altered 
noradrenergic activity within the locus coeruleus (LC) 
as the starting point of their neuroanatomical model of 
panic disorder, which connects the three components of 
the disease (the acute panic attack, anticipatory anxiety, 
and phobic avoidance) to three specific sites in the cen
tral nervous system, (i.e., the brainstem, the limbic sys
tem, and the prefrontal cortex). If this model proves 
true, hypothalamic CRH neurons can be supposed both 
to stimulate and modulate this noradrenergic activity 
(Holsboer 1992; van Goo! et al. 1992; Nistico and Nappi 
1993). This assumption is based on an array of recent 
neuroanatomical and neurophysiological findings. For 
instance, within the LC itself, CRH-containing neurons 
are located in close proximity to noradrenergic neurons 
in rats (Swanson et al. 1983). A variety of acute and 
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chronic stressors has been demonstrated to increase 
CRH levels in the LC (Chappel et al. 1986). Locally 
available CRH by itself has been shown to enhance LC 
firing rates in animal models (Butler et al. 1990; Valen
tino et al. 1983) as well as to mediate a stress-induced 
increase in the LC neuronal firing rate (Valentino 1989; 
Valentino et al. 1991). Conversely, norepinephrine is 
known to stimulate CRH release in the hypothalamus 
(Gold 1990). 

The functional significance of HPA system activation 
during the development of panic disorder is further 
supported by a variety of primate and nonprimate ani
mal studies that have demonstrated that CRH acts as an 
anxiogenic agent (for reviews, see Dunn and Berridge 
1990; Holsboer et al. 1992). Intracerebral CRH adminis
tration was demonstrated to increase the behavioral ef
fects of novelty (Britton et al. 1982) as well as to augment 
a conditioned fear response (Cole and Koob 1988), the 
responsiveness to acoustic startle (Swerdlow et al. 1986) 
and anxiety-related behavior, for example, in the social 
interaction test (Dunn and File 1987) and after maternal 
separation (Kalin et al. 1989). These studies, which were 
based on effects induced by administration of pharma
cological dosages of CRH have recently been confirmed 
by Skutella et al. (1994), who administered a CRH anti
sense oligodeoxynucleotide intracerebroventricularly to 
rats and observed anxiolysis and HPA deactivation. 

If CRH hyperactivity is of pathogenetic relevance in 
both panic disorder and depression, the question arises 
as to how the discrepancy in HPA system responsive
ness between panic disorder and depressed patients ob
served in our study can be explained. Concerning noso
graphic features, neither the duration of the disease nor 
the psychometric assessment of either anxiety or de
pression were significantly correlated with the degree 
of HPA system dysregulation in our study samples. Re
cently, Charney and coworkers (1993) investigated an
other anxiety disorder, posttraumatic stress disorder, fo
cusing on the significance of subsequent stressors for 
the sensitization of different stress response systems 
such as the HPA system. Applied to panic disorder, their 
findings would suggest a close association between the 
frequency of panic attacks and a progressive adrenocor
tical dysregulation. However, because of methodologi
cal restrictions (i.e., the impossibility of recalling the ex
act number of panic attacks over a period often lasting 
many years), we did not consider the role of the fre
quency of panic attacks in our analysis. Only controlled, 
prospective studies would be helpful in the search for 
remedial measures. One could speculate, however, that 
the great variance in ACTH and cortisol responses to 
CRH after DEX pretreatment that we observed in our 
sample reflects such a variable sensitization; similar 
fluctuations in pituitary-adrenocortical responsivity to 
CRH but without DEX pretreatment were reported, for 
instance, by Rapaport et al. (1989). Such a kindlinglike 
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process could account for an interindividual variability, 
resulting in our findings that HPA dysregulation in 
panic disorder seems to be Jess extreme and less fre
quent than in depression. 

Another explanation for the differences observed in
volves the possibility of a divergent vasopressin activity 
in major depression and panic disorder. In depression, 
the exaggerated pituitary-adrenocortical response to 
the DEX-CRH challenge led to the hypothesis of an in
creased release not only of CRH but also of vasopressin 
secondary to reduced glucocorticoid receptor capacity 
(von Bardeleben and Holsboer 1989). This hypothesis 
has recently been confirmed by Raadsheer et al. (1994), 
who found vasopressin to be overexpressed in parvo
cellular CRH neurons in the hypothalamus. In anxiety 
disorders, however, vasopressin activity seems to be 
unaltered. For example, using the social defeat stress 
paradigm as an animal model for anxiety, Pich et al. 
(1993) were able to demonstrate that the activation of 
the HPA system is mediated by hypophysiotrophic 
CRH but not by vasopressin. Thus, such overexpression 
of vasopressin is related to chronic (depression) rather 
than to episodic (panic) stress; the lower degree of HPA 
alteration in panic might therefore be attributed to the 
lack of excessive vasopressin, which is known to syner
gize the effect of CRH at corticotrophs. 

If sensitization by repetitive panic attacks indeed re
sults in progressive HPA system dysregulation, one would 
expect that treatment strategies known to be effective in 
panic disorder would also normalize altered pituitary
adrenocortical activity. To date, four types of medica
tion have been shown to be efficacious in the treatment 
of panic disorders: tricyclic antidepressants, monoam
ine-oxidase (MAO) inhibitors, selective serotonin re
uptake inhibitors (SSRis), and benzodiazepines (for re
views, see Evans 1989; Bronisch 1990; Humble and 
Wistedt 1992; Kahn and van Praag 1992; Roy-Byrne 1992). 

A growing body of evidence is now available indi
cating that benzodiazepines are effective in decreasing 
hyperactivity of the HPA system in panic disorder, as 
assessed by measurement of urinary-free cortisol (Lo
pez et al. 1990) or plasma levels of ACTH and cortisol 
(Roy-Byrne et al. 1991). Attenuation of hypothalamic 
CRH secretion through enhancement of gamma-ami
nobutyric acid (GABAA)-gated chloride conductance 
seems to be a major mode of benzodiazepine-mediated 
action on HPA system activity. Owens et al. (1989) first 
showed that alprazolam and adinazolam increased hy
pothalamic CRH content, but lowered ACTH concen
trations. Both triazolobenzodiazepines reduced CRH in 
the LC and amygdala. In case of alprazolam it is of fur
ther interest that it may inhibit platelet-activating factor, 
which stimulates CRH (for review, see van Gool et al. 
1992). It can be speculated that alprazolam may act as 
an antipanic drug also by suppressing CRH through in
hibiting platelet-activating factor synthesis. 
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Two preliminary treatment studies investigating the 
effects of selective SSRis on HPA system dysregulation 
in anxiety disorders yielded contradictory results: flu
voxamine had no effect on plasma cortisol (Den Boer 
and Westenberg 1990), and chronic fluoxetine treatment 
in obsessive-compulsive disorder patients caused an at
tenuation of the plasma ACTH/cortisol response to the 
5-HT1A receptor agonist ipsapirone (Lesch 1991). These 
effects may be mediated in part by an increase of central 
somatostatin concentrations. Central administration of 
somatostatin leads to an inhibition of CRH-stimulated 
ACTH secretion; correspondingly, there is growing evi
dence for an association between decreased (CSF) so
matostatin cerebrospinal fluid levels and overactivity of 
the HPA system as observed in depression (for an over
view, see Plotsky et al. 1995). In line with these findings, 
Rubinow et al. (1985) were able to demonstrate a signif
icant increase of CSF somatostatin levels in depressed 
patients after administering the SSRI zimelidine, known 
to be effective both in depression and anxiety disorders. 
On the other hand, to date there has been only one study 
by Vecsei and Widerlov (1988) investigating CSF soma
tostatin levels in panic disorder patients, which were 
found to be unaltered. Final conclusions concerning the 
influence of an impaired somatostatinergic neurotrans
mission on panic disorder-related HPA system dysreg
ulation must, therefore, be considered as premature. 

At last, in rat studies chronic treatment with the 
tricyclic antidepressant amitriptyline or the reversible 
MAO-A inhibitor moclobemide resulted in a decrease 
in circulating ACTH and cortisol as well as in adrenal 
size and a reduced HPA activation in response to a 
stressor (Reul et al. 1993; Holsboer 1995). Therefore it 
has been suggested that antidepressants may act through 
central corticosteroid receptors by normalizing HPA ac
tivation in response to stress (Barden et al. 1995). 

In conclusion, the results of the combined DEX-CRH 
test indicate that a substantial portion of panic disorder 
patients have a disturbed HPA system regulation. If 
sensitization by repetitive panic attacks is indeed re
sponsible for progressive HPA dysregulation, and if 
progressive HPA dysregulation is indeed of decisive 
importance for the pathogenesis of panic disorder, then 
therapeutic strategies capable of dampening the hyper
activity of the HPA-LC "alarm system" are indicated. 
Thus, apart from its scientific relevance, the DEX-CRH 
challenge test may also be of clinical value by sensi
tively monitoring HPA function and predicting a pa
tient's response to the treatment procedure used. 

ACKNOWLEDGMENTS 

The authors wish to thank Ms. R. Beck, Ms. B. Burkart-Lauer, 
Ms. M. Craig and Ms. Y. Drancoli-Quante (Munich), as well as 
\!ls. C. Born (Marburg), for their expert technical assistance. 



14 W. Schreiber et al. 

REFERENCES 

American Psychiatric Association (1987): Diagnostic and Sta
tistical Manual of Mental Disorders, ed. 3, rev. Washing
ton, DC, American Psychiatric Association 

Barden N, Reul J\1HM, Holsbol'r F (1995): Do antidepres
sants stabilize mood through actions on the hypotha
lamic-pituitary-adrenocortical system? Trends Neurosci 
18:6-11 

Blouin J, Spindler E, l'erL'Z E, Blouin A, Hotz S, Hakkaku J 
(1992): The role of stress in interpreting the dexametha
sone suppression test. Cm J Psychiatry 37:724-727 

Bourgeois M (1993): Stress, anxiete, panique. L'attaque de 
panique et le trouble panique. Un nom·eau concept psv
chiatrique. Encephale 19(Spec. No. 1 ):187-191 

Brambilla F, Bellodi L, Perna G, Battaglia M, Sciuto G, 
Diafcria G, Petraglia F, Panerai A, Sacerdote P (1992): 
Psychoimmunoendocrinc aspects of panic disorder. 
Neuropsychobiology 26: 12-22 

Breier A, Albus M, Pickar D, Zahn TP, Wolkowitz OM, Paul 
SM ( 1987): Controllablt' and uncontrollable stress in 
humans: Alterations in mood and neuroendocrine and 
psychophysiological function. Am J Psychiatrv 14-t 
1419-l42'i . . 

Britton DR, Koob GF, Rivier J, Vale W (1982): lntraventricubr 
corticotrnpin-releasing factor enhances behavioral effects 
of nm·elty. Life Sci 31:363-367 

Bnmisch T (1990): Survey of recent empirical studies on the 
classification, pathogenesis and therapy of anxiety dis
turbances. Fortschr Neurol Psvchiatr 58:98-113 

Butler PD, Weiss JM, Stout JC, Nemeroff CB (1990): Corti
cotropin-releasing factor produces fear-enhancing and 
beh,wioral acti,·ating effects following infusion into the 
locus coeruleus. J Neurosci 10:176-183 

Cameron OG, Nesse RM (1988): Systemic hormonal and 
physiological abnormalities in :mxiety disorders. l'sv-
choneuroendocrinology 13:287-307 · · 

Chappel PB, Smith MA, Kilts CD, Bissette G, Ritchie J, 
Anderson C, Nemeroff CB (1986): Alterations in corti
cotropin-releasing factor-lih, immunoreactivitv in dis
crete rat brain regions ilfter acute and chronic stress. J 
:\eurosci 6:2908-2914 

Charnev OS, Deutch AY, Krvstal JH, Southwick SM, Davis \1 
(1993): Psychobiologic" mechanisms of posttraumatic 
stress disorder. Arch Gen l'svchiatry 50:294-305 

Cole BJ, Koob CF (1988): Prnpanolol antagonizes the enhanced 
conditioned fear produced by corticotropin releasing 
factor. J Pharmacol Exp Ther 47:902-910 

Coryell W, Noyes R, Reich C ( 199[ ): The prognostic signifi
cance of HPA-axis disturbance in panic disorder: A 
three-year follow-up. Biol Psvchiatry 29:96-102 

Dahl R, Puig-Antich J, Rvan N, Nebon B, Novacenko H, 
Twomey J, Williamsoi1 D, Goetz R, Ambrosini PJ (1989): 
Cortisol secretion in adolescents with major depressive 
disorder. Acta Psychiatr Scand 80:18-26 

Den Boer JA, Westenberg HG (1990): Serotonin function in 
panic disorder: A double blind placebo controlled studv 
with flun1xamine and ritanserine. Psychopharmacology 
102:85-94 

Dunn AJ, Berridge CW (1990): Physiological and beha\'ioral 

NEUROPSYCHOl'HARMACOLLX~Y 1996-VOL. 15, NO. 1 

responses to corticotropin-releasing factor administra
tion: Is CRF a mediator of anxiety or stress responses? 
Brain Res Rev 15:71-100 

Dunn AJ, File SE (1987): Corticotropin-releasing factor has an 
anxiogenic action in the social interaction test. Horm 
Behav 21:193-202 

E\'ans L (1989): Some biological aspects of panic disorders. 
Int J Clin Pharmacol Res 9:139-145 

Gold PW (1990): Possible role for corticotropin-releasing hor
mone in panic disorder. J l'sychiatr Res 24(suppl 1):86-
87 

Gorman JM, Liebowitz MR, Fyer AJ, Stein J (1989): A neu
roanatomical hypothesis for panic disorder. Am J Psy
chiatry 146: 148-161 

Hamilton M (1968): Development of a rating scale for pri
mary depressive illness. Br J Soc Clin Psycho! 6:278-296 

Hamilton M (1976): Hamilton Anxiety Scale. In Guv W (ed), 
ECDEU Assessment Manual fo; l'sychophar~acology. 
Rockville, MD, National Institute of Mental Health, pp 
193-198 

Heuser IJE, Gotthardt L', Schweiger U, Schmider J, Lammers 
CH, Dettling M, Holsboer F (1994a): Age-associated 
changes of pituitary-adrenocortical hormone regulation 
in humans: Importance of gender. Neurobiol Aging 
15:227-231 

Heuser IJE, Yassouridis A, Holsboer F (1994b): The combined 
dexamethasone/CRH test: A refined laboratory test for 
psychiatric disorders. J Psychiatr Res 28:341-356 

Holsboer F (1992): The endocrinology of mental disease. In 
Grossman A (ed), Clinical Endocrinology, Oxford, 
Blackwell, pp 996-1011 

Holsboer F (1995): .'\leuroendocrinology of mood disorders. 
In Bloom FE, Kupfer DJ (eds), Psychopharmacology. 
The Fourth Generation of Progress. New York, Raven 
Press, pp 957-969 

Holsboer F, von Bardeleben U, Buller R, Heuser I, Steiger A 
(1987): Stimulation response to corticotropin-releasing 
hormone (CRH) in patients with depression, alcoholism 
and panic disorder. Hmm Metab Res 16:80-88 

Holsboer F, Spengler D, Heuser 1 (1992): The role of corti
cotropin-releasing hormone in the pathogenesis of Cush
ing's disease, anorexia nervosa, alcoholism, affective 
disorders and dementia. Prog Brain Res 93:385-417 

Humble M, Wistedt B (1992): Serotonin, panic disorder and 
agoraphobia: Short-term and long-term efficacy of cit
alopram in panic disorders. Int Clin Psychopharmacol 
6(suppl 'i):21-39 

Kahn RS, van Praag HM (1992): Panic disorder: A biological 
perspective. Eur Neuropsychopharmacol 2:1-20 

Kalin NH, Shelton SE, Bardsdale CM (1989): Behavioral and 
physiologic effects of CRH administered to infant pri
mates undergoing maternal separation. Neuropsycho
pharmacology 2:97-104 

Kathol RG, Anton R, Noves R, Gehris T (1989): Direct com
parison of urinary fr~e cortisol excretion in patients with 
depression and panic disorder. Biol Psychiatry 25:873-
878 

Kellner M, Herzog L, Yassouridis A, Holsboer F, Wiedemann 
K (199'i): Possible role of atrial natriuretic hormone in 
pituitary-adrenocortical unresponsiveness in lactate
induced panic. Am J Psychiatry 152:1365-1367 



NELJROPSYCHOl'HARMACOLUCY 19%-VOI. JS, Ml. 1 

Kopp MS, Arato M, Magyar I, Buza Q (1989): Basal adreno
cortical activity and DST in electrodermally differenti
ated subgroups of panic patients. Int J Psychophysiol 
7:77-83 

Kuboki T, Suematsu H (1992): Panic disorder. Nippon Rin
sho 50:2773-2782 

Larson MC, Cunnar MR, Hertsgaard C (1991 ): The effects of 
morning naps, car trips and maternal separation of 
adrenocortical activity in human infants. Child Dev 
62:362-372 

Lesch KP (1991): 5-HTu receptor responsivity in anxiety dis
orders and depression. Prog Neuro Psychopharmacol 
Biol Psychiatry 15:723-733 

Lopez AL, Kathol RG, Noyes R (1990): Reduction in urinary 
free cortisol during benzodiazepine treatment of panic 
disorder. Psychoneuroendocrinology 15:23-28 

Nistico C, Nappi G (1993): Locus coeruleus, an integrative 
station involved in the control of several vital functions. 
Funct Neurol 8::i-25 

Nutt D, Lawson C (1992): Panic attacks. A neurochemical 
oven·iew of models and mechanisms. Br J Psychiatry 
160:165-178 

Owens MJ, Bissette C, Nemeroff CB (1989): Acute effects of 
alprazolam and adinazolam on the concentrations of 
corticotropin-releasing factor in the rat brain. Synapse 
4:196-202 

Plotsky PM, Owens MJ, Nemernff CB (1995): Neuropeptide 
alterations in mood disorders. In Bloom FE, Kupfer DJ 
(eds), Psychopharmacology. I he Fourth Generation of 
Progress. New York, Raven Press, pp 971-981 

Pich EM, Heinrichs SC, Rivier C, Miczek KA, Fisher DA, 
Koob CF (1993): Blockade of pituitary-adrenal axis acti
vation induced by peripheral immunoneutralization of 
corticotropin-releasing factor does not affect the behav
ioral response to social defeat stress in rats. Psycho
neuroendocrinology 18:495-507 

Raadsheer FC, Hoogendijk WJC, Stam FC, Tilders FJH, 
Swaab DF (1994): Increased numbers of corticotropin
releasing hormone expressing neurons in the hypotha
lamic paraventricular nucleus of depressed patients. 
Neuroendocrinology 60:436-444 

Rapaport MH, Risch SC, Colshan S, Cillin JC (1989): l\;eu
roendocrine effects of o\'ine corticotrnpin-releasing hor
mone in panic disorder patients. Biol Psychiatry 26:344-
348 

Reul JMHM, Stec I, Soder M, Holsboer F (1993): Chronic 
treatment of rats with the antidepressant amitriptyline 
attenuates the activity of the hypothalamic-pituitary
adrenocortical system. Endocrinology 133:312-320 

Roy-Byrne PP (1992): Integrated treatment of panic disorder. 
Am J Med 92(1A):49S-54S 

Roy-Byrne PP, Uhde TW, Post RM, Gallucci W, Chrousos GP, 
" c·old PW (1986): The corticotropin-releasing hormone 

Panic Disorder and HP A System Dysregulation 15 

stimulation test in patients with panic disorder. Am J 
Psychiatry 143:896-899 

Roy-Byrne PP, Cowley DS, Hommer D, Ritchie J, Creenblatt 
" D'. Nemeroff C (1991): Neuroendocrine effects of diaz

epam in panic and generalized anxiety disorders. Biol 
Psychiatry 30:73-80 

Rubinow DR, Post RM, Cold PW, Ballenger JC, Reichlin S 
(1985): Effects of carbamazepine on cerebrospinal soma
tostatin. Psychopharmacology 85:210-213 

Sive WJ, Hattingh J (1991): The measurement of psychophys
iological reactions of pilots to a stressor in a flight simu
lator. Aviat Space Environ Med 62:831-836 

Skutella T, Criswell H, Moy S, Probst JC, Breese CR, Jiri
kowsky CF, Holsboer F (1994): Co~ticotropin-releasing 
hormone (CRH) antisense oligodeoxynucleotide induces 
anxiolytic effects in rat. NeuroReport 5:2181-2185 

Swanson LW, Sawchenko PE, Rivier J, Vale WW (1983): 
Organization of ovine corticotropin-releasing factor 
immunoreactive cells and fibers in the rat brain: An 
immunohistochemical study. Neuroendocrinology 36: 
165-186 

Swerdlow NR, Ceyer MA, Vale W, Koob CF (1986): Corti
cotropin-releasing factor potentiates acoustic startle in 
rats: Blockade by chlordiazepoxide. Psychopharmacol
ogy 88:147-152 

Valentino RJ (1989): Corticotropin-releasing factor putative 
neurotransmitter in the noradrenergic nucleus locus 
coeruleus. Psycho! Bull 25(suppl 3):306-311 

Valentino RJ, Foote SL, Aston-Jones G (1983): CRF activates 
noradrenergic neurons of the locus coeruleus. Brain Res 
270:363-367 

Valentino RJ, Page ME, Curtis AL (1991): Activation of nora
drenergic locus coeruleus neurons by hemodynamic 
stress is due to local release of CRF. Brain Res 555:25-34 

van Cool D, lgodt P, de Cuyper H (1992): Mode of action of 
the triazolo-benzodiazepines in the treatment of panic 
attacks: A hypothesis. Eur Neuropsychopharmacol 2: 
433-441 

Vecsei L, Widerlov E (1988): Brain and CSF somatostatin con
centrations in patients with psychiatric or neurological 
illness: An overview. Acta Psychiatr Scand 78:657-667 

nm Bardeleben U, Holsboer F (1989): Cortisol response to a 
combined dexamethasone-human corticotropin-releas
ing hormone challenge in patients with depression. J 
Neuroendocrinol 1:485-488 

nm Bardeleben U, Holsboer F (1991): Effect of age on the 
cortisol response to human corticotropin-releasing hor
mone in depressed patients pretreated with dexametha
sone. Biol Psychiatry 29:1042-1050 

Wittchen HU, Zaudig M, Schramm E, Spengler P, Mombour 
W, Klug J, Horn R (1990): Strukturiertes Klinisches Inter
view for DSM-III-R. Weinheim, Beltz-Verlag 


	Dysregulation of the Hypothalamic-Pituitary-AdrenocorticalSystem in Panic Disorder
	METHODS
	Subjects
	Procedure
	Statistical Analysis

	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


