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Objective: Previous studies have shown that neuroactive ste-
roids modulate anxiety and stress reactivity. However, no data
on the possible role of these γ-aminobutyric acidA (GABAA) re-
ceptor-modulating neuroactive steroids in patients with anxiety
disorders are available.

Method: The concentrations of 3α,5α-tetrahydroprogester-
one (3α,5α-THP), 3α,5β-THP, 3β,5α-THP, and their precursors
were studied in the plasma of 10 patients with panic disorder

and 10 matched healthy comparison subjects. In addition, the
effects of paroxetine treatment on neuroactive steroid concen-
trations were studied in the panic disorder patients over a 24-
week period.

Results: Unexpectedly, patients with panic disorder had signif-
icantly greater concentrations of the positive allosteric modula-
tors 3α,5α-THP and 3α,5β-THP and significantly lower concen-
trations of 3β,5α-THP (a functional antagonist for GABAA

agonistic steroids), which might result in greater GABAA recep-
tor-mediated neuronal activity. Paroxetine treatment did not af-
fect neuroactive steroid concentrations, which were highly sta-
ble over 24 weeks.

Conclusions: Differences in neuroactive steroid composition
in patients with panic disorder were the opposite of those seen
in patients with major depression and may reflect counterregu-
lative mechanisms against the occurrence of spontaneous
panic attacks.

(Am J Psychiatry 2002; 159:145–147)

In the last decade, firm evidence has emerged suggest-
ing that certain derivatives of progesterone, so-called
“neuroactive steroids,” may modulate neuronal excit-
ability through rapid nongenomic effects at the cell sur-
face (1, 2). The 3α-reduced metabolites of progester-
one—such as 3α,5α-tetrahydroprogesterone (3α,5α-THP,
allopregnanolone) and 3α,5β-THP (pregnanolone)—are
potent positive allosteric modulators of the γ-aminobu-
tyric acidA (GABAA) receptor, while the stereoisomer
3β,5α-THP may act as a functional antagonist for GABA-
agonistic steroids (1, 2). 

Progesterone is formed from pregnenolone by the 3β-
hydroxysteroid dehydrogenase/∆5-∆4-isomerase. The 5α-
reductase and the 5β-reductase catalyze the reduction of

progesterone into the 5α-pregnane steroids 5α-dihydro-

progesterone (5α-DHP) and 5β-DHP, which may be fur-

ther reduced to the neuroactive steroids 3α,5α-THP and

3α,5β-THP by the 3α-hydroxysteroid oxidoreductase (1,

2). Although animal studies suggest a pronounced anxi-

olytic activity of these 3α-reduced neuroactive steroids (1,

2), to our knowledge no data on their role in panic disorder

and panic disorder treatment are available. We therefore

studied baseline concentrations of GABAA receptor-mod-

ulating neuroactive steroids in patients with panic disor-

der and in matched healthy comparison subjects and

monitored the effects of 24 weeks of paroxetine treatment

in the panic disorder patients.
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Method

Ten patients (seven women and three men; mean age=37.2
years, SD=10.2) with a diagnosis of panic disorder but without a
comorbid axis I disorder according to the Structured Clinical In-
terview for DSM-IV were studied. The mean age at onset of panic
disorder was 24.1 years (SD=6.6). Two patients had also partici-
pated in a previous challenge study (3). Baseline scores on the
Panic and Agoraphobia Scale (4) indicated a moderate severity of
panic and agoraphobia (mean=23.0, SD=8.3). The mean Hamil-
ton Depression Rating Scale (5) score was 8.8 (SD=3.1), and the
mean Hamilton Anxiety Rating Scale (5) score was 14.2 (SD=3.1).
Clinical Global Impression rating (5) indicated mild to moderate
impairment (mean=5.0, SD=1.0). Mean panic attack frequency
per week was 2.0 (SD=1.8). Ten healthy age- and sex-matched
subjects with no personal or family history of a psychiatric disor-
der served as comparison subjects. After blood sampling on day
0, each panic disorder patient was treated with an increasing dose
of paroxetine every morning for 24 weeks. The paroxetine dose
was increased by 10 mg/day each week. If treatment increased
anxiety or arousal, dose increase was delayed until the worsening
disappeared. Maximal clinical effectiveness and minimal side ef-
fects were achieved with a mean paroxetine dose of 37.0 mg/day
(SD=11.6). Patients did not receive any additional psychophar-
macological treatment during the study. Subjects had been med-
ication free for at least 10 days and had undergone a thorough
medical examination to rule out other illnesses, drug intake, or
lifestyles that could interfere with the study.

Plasma samples were obtained after written informed consent
at 10:00 a.m. on day 0, day 14, and day 28 and then every 4 weeks
until week 24. They were quantified for progesterone, 5α-DHP,
5β-DHP, 3α,5α-THP, 3α,5β-THP, and 3β,5α-THP by means of a
highly sensitive combined gas chromatography/mass spectrom-
etry analysis (6). A Finningham Trace gas chromatography/mass
spectrometry unit equipped with a capillary column was used to
analyze the derivatized steroids in the negative ion chemical ion-
ization mode. The detection limit was approximately 10 fmol.

The group effect on steroid concentrations, i.e., differences be-
tween healthy comparison subjects and panic disorder patients
at day 0, as well as at week 24 after treatment with paroxetine,
were tested for significance with Wilks’s multivariate test by ap-
plying in each case a one-factorial multivariate analysis of vari-
ance (MANOVA) with group as a between-subjects factor. Where
there was a significant group effect, the identification of steroids
that contributed significantly to this effect was carried out by sub-
sequent univariate F tests. Possible differences in steroid concen-

trations during paroxetine treatment were tested for significance
by using a one-factorial repeated measures analysis of variance
with time as the within-subjects factor with eight levels for each
steroid. Tests with contrasts were subsequently performed with
comparisons to day 0. To approach normality and to increase ho-
mogeneity of the data, the variables were transformed by log
transformation (x*=lg10[x]) before analysis. As a nominal level of
significance, alpha=0.05 was accepted. According to the Bonfer-
roni procedure, all post hoc tests were performed at a reduced
level of significance.

Results

In the comparison of neuroactive steroid concentra-
tions in panic disorder patients and comparison subjects
at day 0, MANOVA revealed a significant group effect (F=
5.53, df=6, 13, p=0.005) that was attributable to the con-
centrations of 3α,5α-THP, 3α,5β-THP, and 3β,5α-THP
(univariate F tests: F≥5.45, df=1, 18, p<0.05) but not to
those of progesterone, 5α-DHP, or 5β-DHP (Table 1).

All panic disorder patients experienced improvement
after 24 weeks of paroxetine treatment. Clinical Global Im-
pression and Panic and Agoraphobia Scale scores declined
to 1.6 (SD=0.5) and 3.1 (SD=3.7), respectively. The clinical
effectiveness of paroxetine treatment was supported by a
decrease in scores on the Hamilton depression (mean=1.4,
SD=0.9) and anxiety (mean=2.9, SD=1.2) scales. Mean
panic attack frequency after treatment was 0.2 (SD=0.4)
per week. However, the concentrations of the six neuroac-
tive steroids did not change during the treatment with
paroxetine (Wilks multivariate F=0.22–3.51, df=7, 3, all
p≥0.10). After treatment, MANOVA still revealed a signifi-
cant group effect (F=7.78, df=6, 13, p=0.001), again attrib-
utable to the concentrations of 3α,5α-THP, 3α,5β-THP, and
3β,5α-THP (univariate F tests: F≥8.67, df=1, 18, p<0.05).

Discussion

Relative to matched healthy comparison subjects, pa-
tients with panic disorder had greater plasma concentra-
tions of the GABA-agonistic modulators 3α,5α-THP and

TABLE 1. Neuroactive Steroid Concentrations in Comparison Subjects and Patients With Panic Disorder Before and During
24 Weeks of Treatment With Paroxetine

Group and Assessment Point

3α,5α-THP 
(nmol/liter)

3α,5β-THP 
(nmol/liter)

3β,5α-THP 
(nmol/liter)

5α-DHP 
(nmol/liter)

5β-DHP
(nmol/liter)

Progesterone
(nmol/liter)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Comparison subjects 2.1 0.6 1.9 0.3 0.9 0.1 2.8 0.3 0.5 0.1 24.0 2.6
Panic disorder patients

Pretreatment 2.6a 0.4 2.8a 0.6 0.4a 0.2 2.9 0.4 0.6 0.3 22.1 3.8
Treatment week

2 2.5 0.4 2.7 0.5 0.4 0.1 2.9 0.3 0.6 0.2 24.8 1.7
4 2.5 0.4 2.6 0.5 0.4 0.1 2.9 0.3 0.6 0.2 24.5 1.2
8 2.6 0.3 2.7 0.4 0.4 0.1 3.0 0.3 0.6 0.1 24.6 1.2
12 2.6 0.3 2.7 0.4 0.4 0.1 2.9 0.3 0.6 0.1 25.2 1.8
16 2.7 0.4 2.7 0.4 0.4 0.2 3.0 0.2 0.6 0.1 24.3 1.3
20 2.7 0.4 2.8 0.2 0.4 0.1 3.0 0.2 0.6 0.1 24.7 1.1
24 2.7b 0.4 2.8b 0.3 0.3b 0.1 3.0 0.1 0.6 0.1 24.8 0.7

a Significant contributor to the significant group effect for steroid concentrations in healthy comparison subjects and patients with panic dis-
order at baseline (univariate F tests: F≥5.45, df=1, 18, p<0.05).

b Significant contributor to the significant group effect for steroid concentrations in healthy comparison subjects and patients with panic dis-
order after treatment (univariate F tests: F≥8.67, df=1, 18, p<0.05).
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3α,5β-THP and a concomitant lower plasma concentra-
tion of 3β,5α-THP, which may act as a functional antago-
nist for GABA-agonistic steroids (1, 2). The precursors
progesterone, 5α-DHP, and 5β-DHP were comparable in
patients with panic disorder and the comparison subjects.
Effective panic disorder treatment with paroxetine pro-
duced no further changes in neuroactive steroid concen-
trations. The size of our study limits the statistical power
to detect clear changes, such as those observed in patients
with major depression (6–8).

Our findings in panic disorder patients were the oppo-
site of those seen in patients with major depression, whose
lower levels of 3α,5α-THP and 3α,5β-THP and higher con-
centrations of 3β,5α-THP could be normalized by treat-
ment with antidepressants (6–8). Since selective serotonin
reuptake inhibitors shift the activity of 3α-hydroxysteroid
oxidoreductase in the reductive direction (9), the ineffec-
tiveness of paroxetine treatment on the concentrations of
neuroactive steroids in panic disorder patients may be at-
tributed in part to already increased baseline concentra-
tions. The observed differences in neuroactive steroid
composition in patients with panic disorder, which may re-
sult in greater GABAA receptor-mediated neuronal activity,
are an unexpected finding. However, the reduced sensitiv-
ity to benzodiazepines of patients with panic disorder (10)
might be related to these differences in GABAA receptor-
modulating neuroactive steroid composition. Since exper-
imentally induced panic attacks in patients with panic dis-
order are accompanied by pronounced decreases in the
concentrations of 3α,5α-THP and 3α,5β-THP and a con-
comitant increase in the concentration of 3β,5α-THP (3), it
may be hypothesized that the alterations in neuroactive
steroid composition reflect compensatory mechanisms
against the occurrence of spontaneous panic attacks.

Our results provide to our knowledge the first evidence
for distinct changes in GABAA receptor-modulating neu-
roactive steroids in patients with panic disorder and major
depression. When attempting to pharmacologically mod-
ify the equilibrium of neuroactive steroids as a treatment
for psychiatric disorders, consideration should also be

given to baseline concentrations and possible counterreg-
ulatory mechanisms.
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