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Objective: The authors sought to determine whether the

administration of flumazenil would induce marked panic

symptoms in women suffering from premenstrual dysphoric
disorder.

Method: Ten women with premenstrual dysphoric disorder
and 11 comparison subjects were injected with flumazenil or
placebo in a double-blind, randomized, balanced crossover
design in a single session in the luteal phase of their men-
strual cycles.

Results: Flumazenil induced a much greater panic response
in the women with premenstrual dysphoric disorder than in
the comparison subjects.

Conclusions: These preliminary results are consistent with a
dysregulation of the γ-aminobutyric acid A/benzodiazepine
receptor complex during the premenstruum of women suf-
fering from premenstrual dysphoric disorder.

(Am J Psychiatry 2000; 157:821–823)

Methods for studying γ-aminobutyric acid A
(GABAA)/benzodiazepine receptor function in humans in-
clude intravenous injections with the benzodiazepine site
antagonist flumazenil. The administration of flumazenil
to normal comparison subjects has little or no effect. The
induction of panic symptoms by the introduction of flu-
mazenil (as described in patients with panic disorder) is
suggestive of inverse agonist activity and has been inter-
preted as evidence for altered GABAA/benzodiazepine re-
ceptor sensitivity (1). Dysfunction of the central GABAA/
benzodiazepine receptor has previously been suggested in
women with premenstrual dysphoric disorder. Sundstrom
et al. (2) found reduced sensitivity to the effects of diaz-
epam, a benzodiazepine agonist, on saccadic eye move-
ment and subjective sedation, particularly during the late
luteal phase of the menstrual cycle in women with pre-
menstrual dysphoric disorder. Abnormal plasma GABA
levels have also been described in premenstrual women
with dysphoric disorder, although their relevance to brain
GABA is uncertain (3).

In the context of symptoms related to the menstrual cy-
cle, it is worth noticing that GABA neurotransmission is in-
fluenced by progesterone metabolites. For example, allo-
pregnanolone, a progesterone derivative, for which levels
drop abruptly during the late luteal phase of the men-
strual cycle, displays agonist and anxiolytic activity at the
GABAA/benzodiazepine receptor level. GABAA/benzodi-
azepine receptor dysfunction in women with premen-
strual dysphoric disorder would be more strongly impli-
cated if there was also a change in response to flumazenil
injection. We therefore hypothesized that the admin-
istration of flumazenil during the late luteal phase of the
menstrual cycle in women with premenstrual dysphoric

disorder would induce a greater panic response than in
comparison subjects.

Method

Eleven healthy female volunteers (mean age=31 years, SD=10)
and 10 women with premenstrual dysphoric disorder (mean age=
34, SD=6) were recruited by means of advertisements. Written in-
formed consent was obtained from the subjects after they had
been given a full explanation of the proposed procedure. Com-
parison subjects had no lifetime axis I psychiatric disorders (4).
The women with premenstrual dysphoric disorder were free of
other current axis I psychiatric disorders. No subjects had a first-
degree relative with panic disorder. Two women with premen-
strual dysphoric disorder had a history of major depression, one
of whom had also had posttraumatic stress disorder 13 years be-
fore this study. Because of the prevalence of depression in women
with premenstrual dysphoric disorder, a history of depression
was not an exclusion criterion, provided that the last episode had
remitted at least 2 years previously.

The women with premenstrual dysphoric disorder were ascer-
tained to have met the DSM-IV criteria for that disorder by pro-
spective monitoring of three completed menstrual cycles by
means of a modified Prospective Record of the Impact and the Se-
verity of Menstrual Symptomatology (5) and a 100-mm visual an-
alog scale. The subjects completed the calendar from the Pro-
spective Record of the Impact and the Severity of Menstrual
Symptomatology throughout each menstrual cycle. A 100-mm vi-
sual analog scale was completed 7–10 days after the onset of
menses and 1–5 days before the onset of the next menses. The cy-
clicity and severity of menstrual symptoms were verified by com-
paring 100-mm visual analog scale ratings during the follicular
and late luteal phases of the menstrual cycle. Affect cyclicity was
ensured by a within-cycle (follicular to late luteal phase) increase
of at least 50% in three of four menstrually related mood symp-
toms (tension, dysphoria, mood lability, or irritability) or a 100%
increase in the severity of one of these symptoms. For the increase
in severity to be considered clinically meaningful, the severity of
the menstrual symptoms had to be rated as greater than 40 mm on
the 100-mm visual analog scale during the late luteal phase and
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less than 20 mm on the 100-mm visual analog scale during the fol-
licular phase. These measurements were required for at least two
of the three menstrual cycles. All of the women with premenstrual
dysphoric disorder also met the National Institute of Mental
Health’s criteria for premenstrual syndrome (6). All subjects were
physically healthy; none took psychotropic medication from 3
months before the study and until the end of the study.

All subjects received flumazenil and placebo injections 45 min-
utes apart, in random order, in a single session during the late
luteal phase of each subject’s menstrual cycle (2–5 days before the
menses). Five women with premenstrual dysphoric disorder and
five comparison subjects received a flumazenil injection first; five
women with premenstrual dysphoric disorder and six compari-
son subjects received a placebo injection first. The subjects sat in
a reclining chair, and an intravenous catheter was placed in an
antecubital vein, administering a slow normal saline drip. Fluma-
zenil (2 mg) or normal saline placebo were administered as 20-ml
intravenous infusions over 60 seconds.

Behavioral responses to flumazenil were assessed with the Panic
Symptom Scale (7). Subjects rated the peak change in intensity of
18 DSM-IV panic symptoms on a scale of 0 (“not present”) to 4 (“ex-
tremely severe”). The Panic Symptom Scale provides a score for the
increase from baseline in panic symptom intensity. To detect over-
reporting, we included four irrelevant symptoms in the Panic
Symptom Scale (earache, itchy nose, back pain, and itchy feet),
from which we derived an erroneous panic symptom score.

An analysis of variance with repeated measures was used to as-
sess scores on the Panic Symptom Scale after placebo and fluma-
zenil injections in women with premenstrual dysphoric disorder
and comparison subjects. The variables were also compared
cross-sectionally, by two-tailed t tests within “treatments” and by
paired t tests within each “diagnosis.” Statistical inferences were
based on a significance level of p<0.05.

Results

Mean values, multiple comparison results, and main ef-
fects for diagnosis, treatment, and diagnosis by treatment
for scores on the Panic Symptom Scale are presented in
Table 1. Effects from the order of injections are not pre-
sented here because statistical analysis failed to detect any
influence. There were no statistically significant diagnosis
(F=2.5, df=1, 19, p=0.13), treatment (F=2.5, df=1, 19, p=
0.13), or diagnosis-by-treatment (F=2.5, df=1, 19, p=0.13)
effects for erroneous panic symptom scores.

Discussion

This study shows that during the late luteal phase of the
menstrual cycle, flumazenil induces marked panic symp-
toms in women with premenstrual dysphoric disorder but
not in comparison subjects. One proposed explanation of
such an altered response to flumazenil—that there might
be a shift in benzodiazepine sensitivity toward inverse ago-
nism (1)—is consistent with previous findings of a reduced
sensitivity to diazepam in women with premenstrual dys-
phoric disorder (2). In this scenario, flumazenil, the benzo-
diazepine antagonist, becomes a partial inverse agonist,
which would explain its panicogenic activity. It is interest-
ing to note that our results contradict those of the pro-
posed progesterone-withdrawal animal model for pre-
menstrual syndrome (8). In this model, flumazenil displays
an agonist activity at the GABAA/benzodiazepine receptor.

Taking into account that women with premenstrual
dysphoric disorder are also more sensitive than compari-
son subjects to the panicogenic activity of various other
neurochemical agents (9), a cognitive factor that may pro-
mote symptom amplification must be considered. Such a
phenomenon is unlikely to explain our results since flu-
mazenil induces very few symptoms in healthy volunteers.
The primary biological interpretation of our data is further
supported by the fact that patients with premenstrual dys-
phoric disorder did not overreport the irrelevant symp-
toms included in our Panic Symptom Scale.

In summary, this study suggests the possibility of a dys-
regulation of GABAA/benzodiazepine receptor function in
women with premenstrual dysphoric disorder. This con-
clusion could be lessened in importance because of the
spectrum of neurochemical agents that provokes panic
symptoms in women with premenstrual dysphoric disor-
der (9). To assess the clinical relevance of our findings, it
will be critical to investigate whether the observed panico-
genic activity of flumazenil in women with premenstrual
dysphoric disorder is greater during the symptomatic late

TABLE 1. Effects of Placebo and Flumazenil Injections on Panic Symptom Intensity in 10 Women With Premenstrual Dys-
phoric Disorder and 11 Comparison Subjects

Variable

Score on Panic Symptom Scalea Analysis

Mean SD Value df p

Group scores
Group 1: comparison subjects given placebo 2.1 3.0
Group 2: women with premenstrual dysphoric disorder given placebo 5.9 8.4
Group 3: comparison subjects given flumazenil 8.1 4.4
Group 4: women with premenstrual dysphoric disorder given flumazenil 26.6 15.6

Main effects
Diagnosis effect F=9.6 1, 19 <0.01
Treatment effect F=64.1 1, 19 <0.001
Treatment-by-diagnosis effect F=19.4 1, 19 <0.001

Group comparisons
Group 1 versus group 3 t=4.4 9 0.002
Group 2 versus group 4 t=6.5 9 <0.001
Group 1 versus group 2 t=1.4 11.04b 0.20
Group 3 versus group 4 t=3.6 10.32b 0.004

a Sum of ratings of change from baseline in intensity of 18 DSM-IV panic symptoms on a scale of 0 (“not present”) to 4 (“extremely severe”).
b Adjusted.
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luteal phase than during the asymptomatic mid-follicular
phase of the menstrual cycle.
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Objective: The authors investigated whether absence of the
adhesio interthalamica in patients with schizophrenia consti-
tutes a marker of early developmental neuropathological
changes.

Method: Thirty male patients with schizophrenia and 30
healthy male subjects were recruited for study. Magnetic res-
onance imaging was performed, and the presence or absence
of the adhesio interthalamica was determined for each sub-
ject. The length and volume of the third ventricle were also
measured.

Results: No differences in the presence or absence of the ad-
hesio interthalamica were found between patients with
schizophrenia and normal comparison subjects. Patients
without the adhesio interthalamica had significantly higher
scores for negative symptoms than patients with the adhesio
interthalamica. There was no correlation between absence of
the adhesio interthalamica and length and volume of the
third ventricle in either patients or comparison subjects.

Conclusions: The findings suggest that patients with schizo-
phrenia who do not have the adhesio interthalamica are
characterized by more severe negative symptoms.

(Am J Psychiatry 2000; 157:823–825)

It has been suggested (1) that one pathological
substrate of key clinical symptoms in schizophrenia is
an abnormal cerebral midline neural circuit mediating at-
tention and information processing. The adhesio inter-
thalamica (or massa intermedia) is a midline structure

formed from the medial borders of both thalami, which
fuse into the adhesio interthalamica between the 13th and
14th weeks of gestation (2). In an earlier in vivo magnetic
resonance imaging (MRI) study (3), the adhesio intertha-
lamica was found to be absent more often among patients


