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Uncoupling of the Noradrenergic-
Hypothalamic-Pituitary-Adrenal

Axis in Panic Disorder Patients

Jeremy D. Coplan, M.D., Daniel Pine, M.D., Laszlo Papp, M.D., Jose Martinez, M.A.,
Thomas Cooper, M.A., Leonard A. Rosenblum, Ph.D., and Jack M. Gorman, M.D.

In this paper the authors examine the interrelationship of
both the noradrenergic (NA) system and the
hypothalamic-pituitary-adrenal (HPA) axis and its
implications for panic disorder (PD). Seventeen PD
patients and 16 healthy volunteers were challenged orally
12 weeks apart with the az-agonist clonidine (13 healthy
volunteers and 12 patients repeated the challenge).
Between challenges, PD patients were treated with
fluoxetine, with 10 of 12 improving at least moderately.
Both during the acute phase of the illness and during the
phase of pharmacological improvement, patients
demonstrated a greater percentage of reductions of plasma
3-methoxy-4-hydroxyphenylglycol (MHPG) and plasma
cortisol during clonidine challenge. We used correlational
matrices to examine the relationship between the NA
system, as reflected by plasma MHPG, and the HPA
axis, as reflected by plasma cortisol measures. Healthy
volunteers exhibited multiple significant “couplings”
between either baseline or maximal decrease (Amax) of
plasma MHPG, with either baseline or Amax plasma

cortisol measures both within the first and second
challenges and between the first and second challenges.
In contrast, PD patients demonstrated “uncoupling” of
the NA system and the HPA axis, with no significant
correlations observed between either baseline and/or
maximal decrease (Amax) measures of MHPG with the
same cortisol measures for either the first or second
challenge. The same uncoupling was observed for
NA/HPA correlations between the first and second
challenges. These data suggest that the hyperresponsivity
to clonidine in PD patients persists during fluoxetine
treatment. They also raise the possibility that an
uncoupling of the NA system and the HPA axis may be
a feature of PD patients, even following clinically
significant improvement. The authors suggest suboptimal
NA regulation of the HPA axis in PD patients, with
pathophysiological implications particularly prominent
during periods of stress-induced activation of the two
systems. [Neuropsychopharmacology 13:65-73, 1995]
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Noradrenergic (NA) overactivity, primarily reflected by
challenge studies using the az-agonist clonidine and
az-antagonist yohimbine, has been implicated in the
pathophysiology of panic attacks (Charney et al. 1984;
Cameron et al. 1990; Uhde et al. 1992). Hypothalamic-
pituitary-adrenal (HPA) axis overactivity has been more
extensively investigated in the pathophysiology of
mood disorders, whereas its dysfunction in panic dis-
order has been viewed as more phasic and subtle (for
review, see Klein 1993).

Activation of the HPA axis by norepinephrine is
complex and involves excitatory (a2 adrenoceptors)
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and inhibitory components (a1-p adrenoceptor func-
tion) which influence corticotropin-releasing-factor (CRF)
secreting neurons of the paraventricular nucleus of the
hypothalamus. Direct excitatory sympathetic effects of
adrenal function are also relevant (Chrousos and Gold
1992; Charney et al. 1993). Moreover, CRF, the key
regulating neuropeptide of the HPA axis, provides a
significant excitatory influence on noradrenergic neu-
rons located in the locus ceruleus; (Butler et al. 1990).
The overall effect of locus ceruleus activation is to in-
crease CRF release (Chrousos and Gold 1992; Charney
et al. 1993). The two interacting systems have been
viewed as participating in a mutually reinforcing feed-
back loop that is particularly active under stressful con-
ditions (Charney et al. 1993).

In this report we examine the relationship between
the NA system, as reflected by baseline plasma 3-meth-
oxy-4-hydroxyphenylglycol (MHPG) levels and the
maximal decrease (Amax) of plasma MHPG to cloni-
dine, and the HPA axis, as indicated by baseline plasma
cortisol levels and the Amax of plasma cortisol during
clonidine challenge, in patients with panic disorder and
in healthy volunteers. Patients were studied, using
repeated clonidine challenges, both in the acute state
and while in a state of fluoxetine-induced improvement.
Healthy volunteers also underwent repeat clonidine
challenges but without any intervening treatment.

METHODS
Subjects

Seventeen patients meeting DSM-III-R criteria for panic
disorder (PD) with or without agoraphobia as assessed
by a structured clinical interview (Spitzer et al. 1990)
were recruited through advertisements in local news-
papers. Patients were informed that they would receive
two oral clonidine challenges separated by twelve
weeks of fluoxetine treatment. Patients with concurrent
depressive symptoms were not excluded if the depres-
sion was deemed secondary to the panic disorder and
they did not meet DSM-III-R criteria for current major
depression. Patients with a lifetime history of bipolar
disorder, schizophrenia, obsessive-compulsive disor-
der, and substance and/or alcohol abuse within the
previous six months were excluded. Sixteen healthy
subjects, as assessed by the Schedule for Affective Dis-
orders and Schizophrenia (Endicott and Spitzer 1978),
served as a control group. Healthy volunteers were ex-
cluded if first-degree relatives were affected by a major
psychiatric disorder, but Axis II pathology was not an
excluding criterion (American Psychiatric Association
1987).

The subjects’ routine baseline evaluation included
a physical examination, blood tests for liver profile and
electrolyte function, complete blood count and thyroid
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function tests, electrocardiogram, pregnancy test, and
urinalysis. Patients were medication free for four weeks
before the study began, except benzodiazepines as
needed. Five patients took benzodiazepines as needed
up to three days prior to the first clonidine challenge,
and two of these took benzodiazepines as needed up
to three days prior to the second challenge. Before the
first challenge, PD patients were evaluated using the
Hamilton Depression Scale, Hamilton Anxiety Scale,
and Clinical Global Severity Scale (see Schneier et al.
1990); the number of panic attacks experienced by sub-
jects during the week prior to the evaluation was tal-
lied. None of the patients were assessed to be experienc-
ing benzodiazepine withdrawal during the clonidine
challenges. Women were studied during the first half
of their menstrual cycle. Thirteen of 17 PD patients and
12 of 16 volunteers repeated the clonidine challenge.

Sample Characteristics

There was no significant difference in sex distribution
between the groups (patients = 7 males and 10 females;
controls = 8 males and 8 females; Pearsonian y2 = .26,
df = 1, NS). The patients (n = 17) tended to be older
than the control subjects (n = 16; mean in years was
40.53 + 10.24 versus 33.94 + 10.45years; t = 1.83; df =
31, p = .077) (two-tailed). There was no weight differ-
ence between groups.

Challenge Procedures

At9:00 A.M., an indwelling venous cannula was placed
into an antecubital vein of each subject and kept open
with heparinized solution. Subjects remained in a semi-
reclining comfortable position. at 9:30 A.M. (0 time),
clonidine (0.15 mg) ws given by mouth. Blood samples
were drawn at time = 0, 60, 120, 180, and 240 minutes
for plasma MHPG and plasma cortisol levels. Clonidine
blood levels were measured at 60, 120, and 180 minutes.
Human growth hormone levels drawn during the same
procedure are reported in a separate document (Coplan
et al. in press).

Treatment Phase

Following completion of the challenge study, patients
were entered into an open, flexible, treatment phase.
Patients were started at 2.5 mg/day of fluoxetine, which
was increased by 2.5 mg/day every 5 days to a mini-
mum of 20 mg/day or until the patient was unable to
tolerate further dosage increases. No minimum dose
was stipulated. Every two weeks the dose could be
raised by 20 mg/day up to a maximum of 60 mg/day,
if clinical response was judged insufficient. Titration of
the final fluoxetine dose used the method outlined by



NEUROPSYCHOPHARMACOLOGY 1995—VOL. 13, NO. 1

Schneier et al. (1990). The mean final dose of fluoxe-
tine was 17.7 + 16.7 mg/day.

Biochemical Analyses

Clonidine blood levels were quantitated via gas chro-
matography mass-spectrometry in the simultaneous
ion-monitoring mode using methodology developed in
this laboratory (Thomas Cooper, unpublished data).
Within-run and between-run relative standard devia-
tion were 4.2% and 5.6%, respectively. The lower limit
of detection is 100 pg/ml.

Plasma MHPG was measured by gas chromatog-
raphy mass-spectrometry operated in the simultane-
ous ion-monitoring mode using deuterated MHPG as
an internal standard. The method is essentially the same
as that of Jimerson et al. (1981).

Plasma cortisol determinations were conducted
using a competitive protein-binding modification of the
method descried by Murphy (1967).

DATA ANALYSIS
Clonidine Levels

In order to exclude the potential confound that may
arise if significant between-group or between-challenge
differences in blood clonidine levels were observed, an
analysis of variance with repeated measures (ANO-
VAR) for group (patients versus controls), visit (first
versus second clonidine challenge), and interactive
effects was performed. Greenhouse-Geiger correction
was used if significant autocorrelations were observed.

MHPG and Cortisol Data

Prechallenge measures (time = 0 minutes) were ana-
lyzed using an ANOVAR for group and visit, and
group-by-visit effects. To analyze challenge effects,
ANOVAR was applied to the maximal (Amax) response
during the clonidine procedure. This response was cal-
culated by taking the value at the trough response point
to clonidine and subtracting the subject’s baseline value,
yielding in most instances a negative value. If baseline
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differences were observed, maximal percentage de-
crease of the measure was employed by using the
trough point as the numerator, the baseline value as
the denominator, and multiplying by 100.

The significance level was accepted at p < .05, two
tailed.

Correlational Analyses

The intraclass correlation coefficient (Shrout and Fleiss
1979) was used to analyze the stability of preclonidine
or baseline as well as Amax measures of plasma MHPG
and plasma cortisol measures obtained during cloni-
dine challenge. Exploratory analyses were conducted
separately to examine the relationship in controls and
patients between plasma cortisol and plasma MHPG
baseline and Amax measures. Only subjects who com-
pleted both challenges were analyzed. Because only two
patients showed less than moderate improvement, as-
sociations between biochemical measures and clinical
response could not be examined. Analyses were per-
formed using the Pearson correlation; two-tailed p-values
of .05 are considered significant without correction for
multiple comparisons because of the exploratory na-
ture of the study.

RESULTS
Treatment Response Profile

Patients showed robust reductions (all <.01) (see Table
1) on the Hamilton Anxiety Scale, the Hamilton Depres-
sion Scale, and the Global Severity Scale, and in the
number of full-blown attacks (consisting of four or more
DSM-III-R panic symptoms) when the weekly assess-
ments performed prior to the first and second challenge
days were compared. Ten of 12 patients showed at least
moderate improvement; the two nonresponder patients
were distinguished by using benzodiazepines as
needed up to three days prior to the second challenge.

The panic attack mean frequency per week was re-
duced following fluoxetine treatment from a mean of
almost six panic attacks per week per patient to less than
one panic attack per week. The mean clinical Global

Table 1. Treatment Response to Open Fluoxetine in 13 Patients with Panic Disorder

Hamilton Hamilton Global
Anxiety Scale  Depression Scale  Severity Scale = Number of Panics
Visit 1 21.6 + 6.39 17.46 + 7.26 492 1+ .86 5.92 + 5.48
Visit 2 11.23 + 5.93 9.62 + 84 3.3 +1.38 .59 + 1.66
t-Value 4.86 3.80 5.20 3.46
daf 12 12 12 12
p <.01 <.01 <.01 <.01

Global Severity Scale: 6, severely ill; 5, markedly ill; 4, moderately ill; 3, minimally ill; 2, borderline
ill; 1, not ill. p-Value is two-tailed. Entries for Visits 1 and 2 are +SD.
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Table 2. ANOVAR Analysis of Prechallenge Biochemical Variables

Patient Control Patient Control Patient Control Group Visit  Inter-
n n Visit 1 Visit 1 Visit 2 Visit 2 (F, df, p) (F, df, p) action
MHPG 12 13 6.0 +2.9%¢ 44+ 10" 46+ 1647 3.7+ 1044 416 1222 NS
(ng/ml) 1,23 1,23
=.05 <0
Cortisol 12 13 140 + 5.4 11.0 + 5.6 14.4 + 4.0¢ 11.1 + 3.9¢ 3.29 NS NS
(ug/dl) 1,24
=.08

Challenge is 15 mg of clonidine.
+ Standard deviation.
?t=1248,df = 11, p < .05.

bt =287, df = 12, p < .025.

Ct =212, df = 23, p < .05.

9t =179, df = 23, p = .08.

¢t =215 df = 24, p < .05.

-~

Severity score of the patient group was reduced from
a rating of almost markedly ill to between minimally
to moderately ill following treatment, suggesting a
general improvement rather than complete remission
of clinical symptomatology for the sample as a whole.

Blood Clonidine Levels

No group, visit, or group-by-visit interactive effects
were noted with variance in subjects’ plasma clonidine
levels. Only a time effect was observed (F = 14.8, df =
1.99; 92, p < .000 [Greenhouse-Geisser corrected]),
reflecting the overall increase and subsequent leveling
in subjects’ clonidine blood levels during the challenge
procedure.

MHPG Results

The prechallenge ANOVAR analysis comparing base-
line values measured on the first and second challenge
day showed a group effect for plasma MHPG, indicat-
ing higher levels in patients versus controls irrespec-
tive of challenge day (see Table 2). Post hoc ¢-tests indi-
cated that for the first visit, baseline plasma MHPG was
significantly elevated in patients versus controls, and
marginally elevated for the second visit. A strong visit
effect was observed with significant overall reductions
in preclonidine MHPG; this effect was observed in both
groups from the first to second challenge day. No group
by visit interaction was observed, suggesting parallel
decreases of baseline plasma MHPG from the first to
second visit in both groups.

Because of the confounding effect of between-
group baseline differences on challenge effects, weran
an ANOVAR comparing the percentage of decrease of
plasma MHPG during clonidine challenge relative to
baseline levels in patients versus controls. Because we
were interested in the biological correlates of effective

fluoxetine treatment, the two nonresponders are ex-
cluded from this analysis.

Patients showed a greater percentage of MHPG
decreases when compared with the controls (F = 6.76,
df = 1,21, p = .017) (see Figure 1). No visit or group-by-
visit effect was observed following treatment. Post hoc
t-tests comparing the maximal percentage of decrease
of plasma MHPG in response to clonidine showed a
significant patient/control difference for the first cloni-
dine challenge and a nonsignificant (p < .17) difference
for the second clonidine challenge (see Figure 1). The
absence of a group-by-visit effect suggests that despite
a significant reduction in clinical symptomatology, the
effects of effective fluoxetine treatment on the per-
centage of MHPG decreases by clonidine were not
significant.

Cortisol Results

In the preclonidine ANOVAR analysis (see Table 2),
patients demonstrated marginally higher prechallenge
cortisol compared to the control group. Post hoc test-
ing indicated that patients exhibited significantly higher
prechallenge cortisol levels than did controls at the sec-
ond visit.

Because overall baseline cortisol levels were mar-
ginally higher in the patients in comparison with the
levels in controls, the maximal percentage decrease dur-
ing clonidine challenge was computed. ANOVAR anal-
ysis indicated a group effect, with greater decreases in
patients versus controls observed when controlling for
baseline differences, but no visit or group-by-visit
effects emerged. Post hoc t-tests indicated significant
patient/control differences for the first and second cloni-
dine challenge (see Figure 2). The absence of a visit effect
and group-by-visit effect suggests that despite fluoxe-
tine-induced improvement of PD patients, exaggerated
cortisol decreases during clonidine challenge persisted.
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Figure 1. The percentage of MHPG decrease
in relation to clonidine in patients and controls
(peak decrease/baseline*100). F(1;21) = 6.76;

p < .02. There were no visit or group-by-visit
effects. n = 13 healthy volunteers, 10 PD fluox-

—
o
T

7% MHPG Decrease to Clonidine

etine responders. 1, control visit 1; 2, PD pre-
treatment; 3, control visit 2; 4, PD posttreat-

1 ment. 1<2; p<.02; 3< 4 (trend); p < .16.
j B = mean, O = +SE, I = +SD.

I

Stability of Preclonidine Biochemical Measures

Using the intraclass correlation coefficient (Shrout and
Fleiss, 1979) for preclonidine baseline measures (Table
3), plasma MHPG and cortisol appeared stable between
challenges in patients and controls. For the Amax mea-
sures obtained during clonidine challenge (Table 3), cor-
tisol but not MHPG measures appeared stable in pa-
tients, whereas MHPG as well as cortisol measures
appeared stable in controls.

Relationship between Baseline and Change Measures

Overall, high baseline levels of MHPG and/or cortisol
were associated with greater declines during the cloni-
dine challenge. During both challenges in patients,
significant inverse associations occurred between base-
line cortisol and its Amax as well as between baseline
MHPG and its Amax (Table 4). For controls during the
first challenge, there were similar strong inverse associ-
ations between baseline and change measures for both
MHPG and cortisol. During the controls’ second chal-
lenge, the relation between baseline and change mea-
sures for cortisol remained strong, but the relation be-

[+
o

0[5

7% Cortisol Decrease to Clonidine
[4,]
=

came much weaker for MHPG. Thus, a significant
inverse relationship between baseline and Amax mea-
sures was observed in all instances, except for the con-
trols” second challenge MHPG data.

MHPG/Cortisol Correlations

For each challenge, 4 correlations were performed in
the two groups: baseline cortisol to baseline MHPG,
Amax cortisol to Amax MHPG, baseline cortisol to Amax
MHPG, and finally Amax cortisol to baseline MHPG.
This generated 16 correlations. An additional 8 corre-
lations were generated by correlating cortisol measures
from the first challenge to MHPG measures of the sec-
ond challenge and a further 8 by correlating MHPG
measures from the first challenge to cortisol measures
of the second challenge for a total of 32 correlations,
or 16 from each group.

Within-Challenge MHPG/Cortisol Correlations

For the first challenge in the healthy volunteers, all four
correlations examined were significant (Table 5); base-

Figure 2. The percentage of cortisol decrease
in relation to clonidine in patients and controls
(peak decrease/baseline*100). F(1;21) = 14.2;
p = .001. There were no visit or group-by-visit
effects. n = 13 healthy volunteers, 10 PD fluox-
etine responders. 1, control visit 1; 2, PD pre-
treatment; 3, control visit 2; 4, PD posttreat-
ment. 1<2; p<.001;3<4; p<.02. B = mean,
1 O=4SE 1= +SD.

20 : : :

-~
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Table 3. Stability of Biochemical Measures during
Repeat Clonidine Challenge

NEUROPSYCHOPHARMACOLOGY 1995—VOL. 13, NO. 1

Table 4. Relationship between Baseline and Change
(Amax) Measure to Clonidine

Patients Controls Patients Controls
Baseline MHPG .50 .57 First MHPG challenge -.90%** - .79
Change in MHPG 17 .66 Second MHPG challenge — 81*** -.37
Baseline cortisol .84 .61 First cortisol challenge —.93%** — 91>
Change in cortisol .76 .75 Second cortisol challenge —91*** .

Intraclass correlation coefficient, fixed effects model. Baseline: value
prior to clonidine challenge. Change: trough minus baseline value.

line cortisol correlated significantly with baseline MHPG
and Amax MHPG. The Amax cortisol also correlated
with baseline MHPG and Anax MHPG. The baseline
to Amax correlations were inversely significant, sug-
gesting that high baseline levels of plasma MHPG
predicted greater Amax of plasma cortisol and vice versa.

In striking contrast, none of these between-system
correlations were closely significant in the patients with
PD. Fisher’s r to Z revealed that the Amax cortisol to
Amax MHPG correlation was marginally stronger in the
controls versus patients. Thus, for the first challenge,
acutely symptomatic PD patients showed evidence of
an absence of coupling between the NA system and the
HPA axis. In contrast, healthy volunteers showed con-
sistently significant correlations.

For the second clonidine challenge, of the four
correlations tested in the controls, two were significant
and one was at a trend level (Table 5). The baseline cor-
tisol to Amax MHPG inverse correlation was significant
as well as being significantly stronger in the controls
versus patients. A trend was noted for the baseline cor-

A correlation between initial measure and change (Amax) mea-
sure during challenge exists for both patients and controls.

*p<.05.

**p< .01

<001

tisol to baseline MHPG correlation, and a significantly
positive Amax cortisol to Amax MHPG correlation was
also observed. The latter two correlations tended to be
stronger in the controls versus patients. Thus, when
significantly improved by fluoxetine, patients failed to
demonstrate the expected coupling process between the
NA systems and the HPA axis, which was observed
in the normals’ second challenge.

Between-Challenge MHPG/Cortisol Correlations

The next correlational analysis explored the relation-
ship between cortisol measures taken during the first
clonidine challenge versus MHPG measures taken dur-
ing the second clonidine challenge (see Table 5). Only
Amax cortisol during the first challenge correlated
significantly with Amax MHPG during the second chal-
lenge. None of this category of correlations differed be-
tween the groups.

Table 5. Within-Challenge and Between-Challenge MHPG/Cortisol Correlations

Baseline Cortisol o A Cortisol a Baseline Cortisol a A Cortisol a
Baseline MHPG A MHPG A MHPG Baseline MHPG

Relationship between NA system and HPA axis during first clonidine challenge

Normals (n = 13) .60* 69** —.59** —.54*

PD patients (n = 12) -.01 .04 -.06 .04

Fisher r to Z y? 2.34 3.09(¢) 1.81 1.97
Relationship between NA system and HPS axis during second clonidine challenge

Normals (n = 13) .46(t) .52* -.58* -.35

PD patients (n = 12) —-.26 -.26 .26 17

Fisher r to Z ¥? 2.76(t) 3.36(t) 4.08* 1.37
Relationship between HPA axis during first clonidine challenge and NA system during second challenge

Normals (n = 13) 21 53* -.43 -.24

PD patients (n = 12) -.10 -1 -.01 .25

Fisher r to Z 2 47 2.32 1.05 1.19
Relationship between NA system during first challenge and HPA axis during second clonidine challenge

Normals (n = 13) .86*** V4 — TTH** —.86***

PD patients (n = 12) -.09 .05 .08 .23

Fisher’s r to Zx?2 9.07** 4.94* 5.74* 11.05***

t<1, * <05 " <.01, *** <.001.
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lenge. None of this category of correlations differed be-
tween the groups.

We then explored the relationship between NA
measures taken during the first clonidine challenge to
cortisol measures taken during the second clonidine
challenge. All four possible correlations were at least
at the p < .001 level in the normal controls, whereas
none were significant in the patients. Moreover, all four
correlations were significantly stronger in normals
versus patients. Thus, MHPG measures taken during
the first clonidine challenge were strongly correlated
with cortisol measures taken during the second cloni-
dine challenge only in the normals.

In summary, in the controls, 12 of 16 tested corre-
lations were significant (one trend is included), whereas
in the patients with PD, none of the same 16 correla-
tions were significant. These data indicate a stable cou-
pling process in the controls —over a 12-week period —
whereas the patients showed no evidence of NA/HPA
coupling over the same time frame.

CONCLUSIONS

Several findings emerge from the study. PD patients
demonstrated enhanced sensitivity to oral clonidine in
comparison with controls, as reflected by decreases in
the percentage of MHPG and cortisol in subjects dur-
ing clonidine challenge both in the acute and pharma-
cologically improved state. This study suggests that
fluoxetine-induced clinical improvement is not accom-
panied by alterations in a»-adrenergic function to the
extent reflected by the percentage of MHPG and cor-
tisol decreases in subjects during clonidine challenge.
These statements should be qualified with the caveat
that the decline of cortisol represents the combination
of diurnal decline and the effects of clonidine. Without
placebo-controlled comparisons, the clonidine contri-
bution remains undetermined. A second caveat is that
although an overall group effect for the percentage of
MHPG decrease to clonidine was observed, the differ-
ence between the percentage of MHPG decrease in PD
patients versus healthy controls for the second cloni-
dine challenge was only at a weak-trend level (p = .16).

The finding of an enhanced percentage of MHPG
decreases to clonidine is consistent with some but not
all studies (for review, Abelson et al. 1992). Enhanced
cortisol decreases to clonidine were not observed by
Stein and Uhde (1988), but were observed by Brambilla
et al. (1994). The latter two studies used control saline
infusions to evaluate the subjects’ cortisol response to
clonidine. In neither study was the natural diurnal de-
cline of cortisol different between patients with PD and
healthy volunteers. Thus, differences of cortisol re-
sponse to clonidine between PD patients and controls
in the current study are unlikely due to between-group
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differences in diurnal cortisol variation. The differences
between study findings described previously may re-
late to differences in sample characteristics or to group
differences in challenge baseline levels (Nutt 1989) or
route of administration. (To our knowledge, this is the
first oral clonidine study performed in adult PD patient
samples.)

The second observation is that NA and HPA axis
function, in contrast to the strong coupling observed
in healthy volunteers, appears “uncoupled” in PD pa-
tients. Uncoupling may derive along similar lines to the
blunted human growth hormone response to clonidine
observed in PD patients (Uhde et al. 1992). In one
model, chronic noradrenergic overdrive is believed to
desensitize postsynaptic az-adrenergic receptors of
hypothalamic neurons which modulate the release of
growth-hormone releasing hormone. Chronic and/or
episodic overactivity of central NA projections may also
lead to a generalized but possibly differential down-
modulation of postsynaptic hypothalamic adrenocep-
tor subtypes that exert a stimulatory or inhibitory
influence over CRF-releasing neurons of the paraven-
tricular nucleus. In addition, alteration of the sensitiv-
ity of presynaptic az-adrenergic receptors may also
affect the activity of NA projections to the paraventric-
ular nucleus of the hypothalamus. A positive correla-
tion between MHPG change and cortisol change to
clonidine in the healthy volunteers suggests that, un-
der normal circumstances, reduction of cortisol secre-
tion occurs parallel to reduction of NA turnover. Con-
versely, in acutely ill PD patients, the exaggerated
clonidine-induced reduction of NA turnover is a poor
determinant of exaggerated reduction of concomitant
cortisol secretion.

In summary, adaptive or pathological alterations
of pre- and/or postsynaptic adrenoceptor sensitivity in
response to noradrenergic overactivity may led to un-
coupling or “loss of signal-to-noise ratio” (Siever et al.
1992) of the normally well-synchronized interaction be-
tween the NA system and the HPA axis. Conceivably
the uncoupling process may be most critical during
times of stress, a period typically associated with clini-
cal worsening in patients with PD; under these cir-
cumstances, activation of the noradrenergic system is
accompanied by suboptimal modulation of the HPA
axis. Of note in this context is the high stability across
challenges of baseline and Amax cortisol in both healthy
volunteers as well as patients with PD, suggesting pres-
ervation of certain aspects of the homeostatic mecha-
nisms regulating HPA axis activity despite the un-
coupling process. Given the complex nature of central
neuroendocrine function, other neurobiological sys-
tems are likely to contribute to the pathophysiology of
the uncoupling process observed in this sample of PD
patients and almost certainly in the mediation of fluox-
etine’s antipanic effects.
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A shortcoming of the study is the absence of cloni-
dine challenge data in PD patients who have been
treated for alonger period than three months. It is con-
ceivable that with continued clinical improvement of-
ten observed with ongoing specific serotonin reuptake
inhibitors (SSRI) treatment (Schneier et al. 1990), coup-
ling between the NA system and the HPA axis may be-
come more evident. This latter possibility appears
unlikely, as the plasma cortisol to plasma MHPG rela-
tionships during the PD patients’ second clonidine chal-
lenge exhibited an increase of nonsignificant correla-
tions in the reverse of those observed in the controls’
second challenge. This latter observation supports the
view that despite clinical improvement, coupling be-
tween the NA system and HPA axis was evident only
at nonsignificant levels in the opposite direction to that
observed in the healthy controls. Loss of a significantly
exaggerated percentage of MHPG decrease to the sec-
ond clonidine challenge supports a degree of normali-
zation of NA function in fluoxetine-treated PD patients.
Prospective clonidine studies of PD subjects who re-
ceive SSRI treatment for a longer period of time are
clearly indicated.

The view of adrenergic overdrive in acute PD is sup-
ported in the current study by the increased baseline
plasma MHPG levels observed in the untreated PD pa-
tients versus the controls, a finding that has been shown
in some but not all previous studies (see Abelson et al.
1992 for review). When we compare NA measures from
the first challenge with cortisol measures from the sec-
ond challenge, NA/HPA coupling is strikingly evident
in the healthy volunteers. As controls undergo a simi-
lar “visit” effect to that observed in the patients—an
equivalent decline in baseline MHPG levels —it is feasi-
ble that elevated MHPG levels in response to the nov-
elty of the test situation in the controls, but not in PD
patients is closely related to HPA axis function in‘a non-
novel situation—the second clonidine challenge.

In summary, abnormal responsivity to clonidine as
reflected by the percentage of MHPG and cortisol
decreases during clonidine challenge persists despite
clinical improvement. Moreover, uncoupling of NA and
HPA function appears to be a feature of PD patients
who are in an acute and fluoxetine-treated state.
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