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Abstract. A new formulation of oxazepam especially designed to increase the speed of absorption and eliminate the
need to use water (freeze-dried dosage formulation; FDDF) was compared in double-blind and crossover conditions
with the standard tablets of the same compound. 5 inpatients with generalized anxiety disorder received at 1-week
intervals a single 30 mg dose of one of the compounds. Every 8 min for 96 min after drug intake, they completed a
battery of visual analogue scales and had an EEG recording with computerized spectral analysis. Results showed a
significantly more rapid onset of activity of FDDF oxazepam for both the self-reports of anxiety level (p < 0.005) and
the specific B, EEG changes (p < 0.0001), which were significantly correlated (r = ~0.73; p < 0.01). Moreover, all
patients rated FDDF oxazepam as having faster onset of action in clinical change than regular tablets (p << 0.05). This
study shows the value of visual analogue scales, pharmaco-EEG, and crossover design in well-selected anxious inpa-
tients in substantiating clinical differences between anxiolytic pharmacotherapies.

Introduction

The latency of onset of the central effect of benzodi-
azepines after a single intake is a clinical parameter that
has received too little attention. In fact, marked differ-
ences exist among benzodiazepine compounds concern-
ing their pharmacokinetics of absorption, and particu-
larly the latency of the plasma peak [review in Kaplan
and Jack, 1983; Detti, 1983]. Clinically, compounds ex-
hibiting very short latencies seem particularly suitable for
the treatment of two disorders: initial insomnia (difficul-
ties in falling asleep) [Greenblatt et al., 1983] and panic
attacks [Lader and Petursson, 1983].

In this context, the synthesis of a special formulation
of oxazepam, especially designed to increase the speed of
absorption and to eliminate the need to use water (freeze-
dried dosage formulation; FDDF) could represent an
improvement in anxiolytic therapy. Pharmacokinetic
data in normal volunteers showed that mean plasma

peaks of oxazepam appeared earlier (2 vs. 3 h) and were
higher (287 vs. 227 ng/ml) after 15 mg of FDDF oxaze-
pam than after 15 mg of standard (regular) oxazepam;
moreover, the area under the curve (between intake and
24 h later) was significantly greater with FDDF than with
regular oxazepam (2,239.5 + 1,303.4 vs. 1,936.9 *
1,099.2; p < 0.02) [Ansseau et al., in press].

Therefore, we performed a controlled study compar-
ing FDDF oxazepam with the standard tablets of the
same compound (regular oxazepam), using two types of
strategy to detect the beginning of the acute pharmaco-
logic effect: a clinical approach, with self-rating scales
of anxiety completed at short intervals after drug intake
and, concurrently, an EEG recording with computerized
spectral analysis of the different frequency bands. Ben-
zodiazepine compounds typically increase the propor-
tion of fast rhythm waves, especially in the B band
[Gibbs and Gibbs, 1962; Marjerrison, 1974; Itil, 1974;
Fink, 1975].



Subjects and Methods

- Subjects <

The study was performed in 5 male inpatients, aged 34-51 years
" (mean = 44.8 + 7.3) at the Psychopharmacology Unit of the Univer-
sity Hospital of Liége, Belgium. They met research diagnostic criteria
for ‘Generalized Anxiety Disorder’ [Spitzer et al., 1978] and had a
score of at least 20 on the Hamilton Anxiety Scale [Hamilton, 1959]
at the end-of a 2-week washout period. During the last 7 days of the
drug-free period, scores on the Hamilton Anxiety Scale, completed
every day in the morning (at 10.00 a.m. £+ 30 min), could not vary
by more than 3 points, to ensure that the patient’s clinical condition
was stable. All clinical assessments were performed by research psy-
chiatrists especially trained in psychopharmacology. Patients were
free of medical illness, as evidenced by history, physical examina-
tion, ECG, chest X-ray, EEG, and routine laboratory tests and, prior

to participation, gave informed consent.

General Procedure

The methodology used was a double-blind crossover comparison
of a single dose of oxazepam 30 mg, either FDDF or regular, in ran-
- domized order. In two different sessions, at a 1-week interval, the
patients took both drugs, but whereas one was the active compound,
the other was a placebo of the same appearance (double-dummy
technique). At 9.00 a.m., the patient was taken to the EEG laborato-
ry. Electrodes were placed on the scalp and a general interview was
carried out allowing the completion of the baseline Hamilton Anxi-
ety Scale. Then the patient, after comfortably lying down on a bed,
had a 2-min baseline (Tg) EEG recording (with eyes closed) and com-
pleted a battery of visual analogue scales, composed of ten 100-mm
lines, on which he had to indicate a mark, according to his current
condition, between 10 pairs of opposite conditions (table I). These
‘pairs of items were derived from the Hamilton Anxiety Scale and
assess both physical and somatic symptoms of anxiety. Each score
was calculated by adding the distance (in millimeters) in each line
from the ‘good’ end, with a total maximal score of 1,000.

First, the patient took two tablets of regular oxazepam 15 mg (or
placebo) with 100 cm3 of water, and second, placed two tablets of
FDDF oxazepam (or placebo) directly on his tongue. The patient
completed batteries of visual analogue scales and had 2-min EEG
recordings every 8 min for 96 min (13 postdrug visual analogue
scales and 12 EEG recordings), except for the 1st patient for whom
each session was limited to 64 min (9 postdrug visual analogue scales
and 8 EEG recordings). At the end of each session, the general inter-
view of the patient was repeated and a final Hamilton Anxiety Scale
was completed.

Electrophysiological Procedure :

The EEG was recorded on a conventional EEG machine from
two leads (Fz-Cz; Cz-Pz). During the selected 2-min periods, the
EEG trials did not contain muscle or EOG artifacts. The EEGVsignals
were amplified with a time constant of 1.5 and filtered with an effi-
cient low-pass filter, eliminating frequency components greater than
30 Hz (attenuation 30 dB/octave).

The EEG signals were digitalized off-line, with a sampling rate of -

64 c¢/s (PDP 11/40). Each period of 2 min was obtained by averaging
15 epochs of 8 s (120s). The power spectrum of each epoch was
obtained by using the FFT program [Cooley and Tukey, 1965] and
distinguished 5 frequency bands: 8: 14 Hz; 0: 4.125-8 Hz; a: 8.125-
12.5 Hz; By: 12.625-17.5 Hz; B,: 17.625-30 Hz.
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Table L. Visual analogue scales for the assessment of anxiety

Currently, I feel

Extremely quiet

Perfectly in shape

Perfectly relaxed

My heart beats perfectly
normally

My breath perfectly normal

Extremely nervous

Extremely tired

Extremely tense

My heart beats very fast or
very strongly

My breath extremely difficult,
with a pound on my chest

Very severe headache

Extremely shaking

Extremely anxious

Very painful stomach aches or
very strong nausea

Very strong feeling of dizziness,
feeling of imminent fainting

No headache at all

No shaking at all

Not anxious at all

My stomach perfectly
normal

No feeling of dizziness

For the EEG analysis, 3 descriptors were used: (a) the relative
amplitude obtained by integrating the spectrum of each band [Iti/,
1974]; (b) the relative percentage of frequency, obtained by adding
EEG activity (regardless of its frequency) and by calculating the rel-
ative amounts of each frequency band [Iti], 1974]; (¢) the centroid
values, which reflect the shape of the power spectra, and are indepen-
dent of the total power in the analyzed band [Lehmann and Kouk-
kou, 1974].

Choice of Preference

After completion of both sessions, the fastest clinical change was
selected independently: (1) globally by the patient; (2) globally by the
clinician who conducted the interview; (3) by a ‘blind’ clinician,
according to the evolution of visual analogue scales; (4) by a ‘blind’
electrophysiologist, according to the changes in EEG B, band.

Data Analysis

The clinical changes over time after drug intake were assessed by
analysis of variance with repeated measures. This method allows one
to study the global evolution after all sessions (time-effect) and to test
if the evolution after one of the drug formulations is significantly
faster than after the other (time-drug interaction).

EEG data analysis was performed for integrative, frequency, and
centroid parameters. For each single session, the EEG predrug values
were taken as zero-baseline points. The successive changes during the
12 following periods (sampled every 8 min) were assessed in percent-
age of the baseline values, and a t test was automatically applied to
evaluate the level of statistical significance of these changes. The
global changes over time in B, activity after drug intake for all ses-
sions and possible differences between both formulations were as-
sessed by analysis of variance with repeated measures.

The relationships between clinical evolution on the visual ana-
logue scales and B, EEG changes were assessed by analysis of covar-
iance, and the relationships between visual analogue or Hamilton
Anxiety Scale scores and B, EEG percentage before and at the end of
the sessions were assessed using the Pearson product-moment corre-
lation coefficient.

The distribution of preferences was analyzed according to the
binomial law [Spiegel, 1972].
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Fig. 1. Mean changes over time on visual analogue scales after a
single intake of oxazepam 30 mg in either the regular (o) or the FDD
(e) formulation.

Results

Anxiolytic Activity

Mean Hamilton Anxiety scores before and after drug
intake were 28.0 (6.0) and 11.8 (4.4) for the FDDF oxaze-
pam sessions; and 28.8 (7.5) and 17.0 (7.7) for the regular
oxazepam sessions. These results indicate a significant
improvement for both drugs combined [F (1, 4) = 8.15;
p < 0.05], without statistical difference between the two
forms [F (1, 4) = 2.49; NS]. The clinical improvement
measured by the visual analogue scales was also significant
for both forms combined [F (9, 36) = 3.20; p < 0.01], but
significantly faster with FDDF than with regular oxaze-
pam [F (9, 36) = 4.07; p < 0.05] (fig. 1). There was a
significant relationship between the level of anxiolytic
symptomatology assessed by Hamilton Anxiety Scale and
by visual analogue scales both before and after treatment
{r=0.91; p < 0.001 and r = 0.82; p < 0.01).

EEG Changes

In all sessions, the integrative parameter showed the
highest sensitivity to benzodiazepine-induced changes.
During the 5 individual sessions with FDDF oxazepam,
the increase in B, band frequencies became statistically
significant (p < 0.1) after: 64 min (n = 3), 72 min (n = 1),
and 88 min (n = 1). This was different than the 5 sessions
with regular oxazepam, where no significant change in 8,

Fig. 2. Mean changes over time in the EEG B, band after a single
intake of oxazepam 30 mg in either the regular (o) or the FDD (o)
formulation.

frequencies was ever noted throughout the recording pe-
riods.

Mean changes over time in 3, band frequency are dis- ,
played in figure 2. The increase in B, band was significant
across all sessions [F (12, 48) = 5.87; p < 0.0001], but
significantly faster after FDDF oxazepam [F (12, 48) =
5.37; p < 0.0001]. \

Relationship between Anxiety Scale Scores and
EEG Changes _
There was a significant relationship between the evo- -

. lution of anxiety scores on visual analogue scales and the

percentage of B, band for the whole sessions (r = -0.73;
p < 0.01). However, this relationship was only signifi-
cant after FDDF oxazepam (r =—0.59; p < 0.05), and not
after regular oxazepam (r = —=0.50; NS). There was no
significant relationship between Hamilton Anxiety Scale
scores and B, band frequency percentage.

Choice of Preference for Fastest Activity

In each of the 5 cases, the FDDF oxazepam session
was preferred over the regular session, independently by
the patient, the clinician who conducted the interview,
the clinician who analyzed the visual analogue scales and
the electrophysiologist who analyzed the changes in B,
band. All these preferences were statistically significant
(p < 0.05).
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" Discussion

This study demonstrates a significantly more rapid
onset of activity of a new galenic form of oxazepam
(FDDF) compared with the standard tablet for both the
self-ratings of anxiety and the specific EEG changes.
These results support the_‘discriminant power of using
visual analogue scales and EEG recording analysis for the
assessment of the latency of onset of benzodiazepine
compounds. Indeed, the statistical differences are ob-
tained with a sample of only 5 patients.

Visual analogue scales are particularly sensitive to
assess short-term changes in subjective feelings and have
‘been §videly used as indicators of the time-effect curve of
analgesic and'sedative drugs [review in Bond and Lader,
1974]. Moreover, they are easy for the subjects to grasp,
quick to fill out and do not require much subject motiva-
tion and, as the rater is not restricted to direct quantita-
tive terms, permit as fine a discrimination as she/he
wishes [Freyd, 1923]. In addition, they reduce the diffi-
culties of response sets and the artificial distribution of
positive and negative responses [Aditken, 1969]. The vi-
sual analogue scales especially designed for this study
proved to be very sensitive to change, correlating highly
with changes in the scores in the Hamilton Anxiety Scale,
. the standard rating instrument. '

This study also shows the discriminant power of phar-
macoelectroencephalography in assessing the-onset of
central effects. Even if we have been accustomed to
describing the bioavailability of substances in terms of
blood levels, it might be necessary in the case of certain
compounds (in particular those which are centrally ac-
tive) to describe the dynamics on an efficacy measure

[Herrmann and Irrgang, 1983]. This is especially true for -
benzodiazepine compounds, the activity of which is me-.

diated by specific central receptors, so that the extent and
duration of this specific binding should be assessed rather
than plasma pharmacokinetics [review in Mohler and
Richards, 1983). Benzodiazepine plasma pharmacokinet-
ics has demonstrated its limits: no evident relationship
exists between plasma levels and anxiolytic activity [re-
view in Bellantuono et al., 1980]; morecover, clinical
experience with benzodiazepines shows that observable
effects like sedation do not persist as long as predicted by
plasma pharmacokinetic data [Kurowski et al.,
Since it is currently impossible to assess central receptor
binding in humans, the pharmaco-EEG represents an
interesting way to demonstrate the presence of central
* nervous system effects of benzodiazepines [Herrmann
and Irrgang, 1983]. The EEG changes induced by benzo-

1982].

diazepines clearly exhibit a dose-effect relationship and
are also related to the relative potency of the compounds,
allowing one to find equipotent doses in terms of their-

" EEG influence [Fink et al., 1976; Matejcek, 1979; Saletu

and Griinberger, 1979; Saletu et al., 1980; Matejcek et al.,
1983]. This study demonstrates the correlation between
EEG changes and clinical activity.

Anxiolytic and sedative properties of the benzodiaze-
pines have been related to two different EEG changes:
anxiolysis to an increase in B activity and sedation to a
decrease in « activity (with a concomitant increase of 0
and § activity), two parameters which can exhibit a dif-
ferent evolution [Matejcek, 1979; Kurowski et al., 1982].
No significant change in the a (or 6-0) band appeared
after oxazepam 30 mg in this study, in good agreement
with the absence of sedative effects experienced by the 5
patients (as evidenced by the specific items of the visual
analogue scales). It must be stressed, however, that an-
xious patients are generally less sensitive to pharmaco-
logic sedative effects than normal subjects [Fabre et al.,
1984]. With regard to descriptors of EEG changes, the
integrative parameter (reflecting the relative power of
each frequency band) appeared to be the most sensitive in
this experimental design, showing its superiority over fre-
quency and centroid parameters.

Clinically, rapid onset benzodiazepines like 'FDDF
oxazepam are particularly suitable as sleep-inducing
agents, shortening the time before beginning of their sed-
ative effect. Moreover, because it is specially designed to
be taken without water, FDDF oxazepam could be used
as an oral sedative premedication before anesthesia,
eliminating the need to use injectable benzodiazepines.
FDDF oxazepam could also represent some improve-
ment in the symptomatic treatment of episodic anxiety,

~being taken 30 min or so before entering the anxiety-pro-

voking situation. If the panic attack has already started, a
compound like FDDF oxazepam could still be taken and
will exert a fairly prompt action, aborting the panic
attack, according to the general rules described by Lader
and Petursson [1983]. Some patients could also be reas-
sured by carrying some FDDF oxazepam tablets they
could take immediately (without need to find some lig-
uid) for such an eventuality, which might be dubbed a
‘talismanic’ use [Lader and Petursson, 1983].

Finally, this study also shows the importance of rigor-
ous clinical selection in differentiating between anxiolytic
pharmacotherapies. The patients selected in this study
showed very consistent anxious symptomatology: the in-
dividual differences between the two sessions were only
3,3, 1,2,and 1 points on the Hamilton Anxiety Scale and
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11, 25, 23, 46, and 17 mm (on a total of 1,000) on the
visual analogue scales, corresponding to a Pearson corre-
lation coefficient of 0.96 (p < 0.005) for Hamilton Anx-
iety Scale and 0.998 (p < 0.001) for the visual analogue
scales. The use of crossover design decreases the coeffi-
cient of variation and allows a direct comparison of the
clinical and EEG effects of the two compounds [Kel/ner et
‘al., 1978; Ansseau et al., 1984]. This methodology per-
mits one to obtain significant conclusions with a limited
number of subjects, as shown in this study.
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