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Summary

Ten healthy male volunteers took part in a single oral dose cross-over study
receiving both ‘Euhypnos’ Forte (20 mg) and temazepam elixir (20 mg) on separate
occasions and in random order. There was no significant difference in the extent of
drug absorption from the two formulations as determined by the area under the
plasma concentration vs time curve and the peak plasma concentration. There was
evidence of a more rapid absorption of drug from the elixir as determined by the
higher plasma concentrations 20 min after dosage, suggesting that a more rapid
onset of activity should be possible with this formulation. In accordance with theory
the terminal phase half-life for the drug did not differ significantly for the two
formulations. The short half-life determined (5-15 h) compared with other benzodi-
azepines suggests no prolongation of sedative effect with either formulation,

Introduction

Temazepam is a benzodiazepine particularly employed as a sleep inducer but also
possessing powerful anxiolytic, muscle relaxant and anti-convulsant activity. It
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belongs to a small group of benzodiazepines characterised by a hydroxyl group in
the 3 position, others in the group being oxazepam, lorazepam and lormetazepam.
Over recent years it has become increasingly clear that the rate of absorption of
3-hydroxy benzodiazepines (and perhaps of other benzodiazepines also) from the gut
after oral administration is formulation dependent. When given in solid dose forms,
as tablets or as capsules containing dry powder, dissolution of the drug is slow and
the drug is therefore poorly available to the gut mucosa for absorption (Divoll et al.,
1981).

Taking, by contrast, the pharmacokinetics of temazepam from a solution-filled
soft gelatin capsule formulation (Fucella et al., 1977), the time to peak plasma level
has been reported to be 40—-60 min and the peak plasma concentration of around
900 ng/ml is easily adequate for sleep induction, being generated by only a 20 mg
dose. If temazepam could be presented as, for example, an elixir which has no shell
requiring dissolution, the time to onset of action might be reduced further. Such a
formulation would also be useful for patients for whom the capsules were regarded
as unsuitable. .

In considering such a formulation two approaches were initially considered. Since
temazepam is sensitive to the presence of moisture an anhydrous base, a triglyceride
preparation based on fractionated coconut oil, was investigated. While stability of
temazepam in this vehicle was excellent, it proved very difficult to disguise the
oiliness of the base and this was felt to be unsatisfactory. A more conventional
elixir-type base was therefore used consisting of glycerol, ethanol and sorbitol as the
main components of the vehicle. The use of sorbitol syrup instead of anhydrous
sorbitol in this vehicle does lead to the inclusion of a few percent of water but this
was found to be desirable from the point of view of reducing the stickiness of the
vehicle in the mouth. The use of a buffer (pH 7.7) to maintain the pH at an
appropriate level enabled the stability of temazepam to be maintained in spite of the
presence of this amount of water. The vehicle is hyperosmotic and this might be
expected, in case of overdosage, to result in emesis thus limiting absorption follow-
ing suicidal attempts.

The purpose of this study was to compare the rate and extent of absorption of
temazepam from the elixir formulation with an established, solution-filled capsule
formulation, Euhypnos Forte.

Materials and Methods

Subjects

Ten healthy male volunteers (aged 20-24 years) within 15% of ideal body weight
participated in the study. Subjects receiving any course of drug therapy within 4
weeks of the study were excluded. In addition, no alcohol or other drugs were
allowed within 48 h of each study day. All subjects passed routine clinical, haemato-
logical and biochemical tests and signed a Form of Consent prior to commencement
of the study.
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Study design

The study was designed as a single oral dose cross-over with 7 days between
dosage of two formulations: soft gelatin capsules (20 mg) and temazepam elixir (20
mg).

Ethical review

The protocol for the study was submitted to members of an independent Ethical
Committee for their consideration, comment and guidance; they agreed that the
study was scientifically and ethically justified.

Conduct of study

After a standard light evening meal at 19.00 h no further food or drink was
permitted. Dosing commenced at 22.00 h with water (100 ml), the times being
staggered to facilitate subsequent blood sampling.

On day 1 of the study, 5 subjects received the capsule and five the elixir
formulation, randomly allocated. Volunteers remained seated for at least one hour
after dosage before retiring to bed. Standard meals were provided at 08.00 h and
13.00 h on day 2 of each study weekend. Subjects returned one week later and
received the alternative formulation under identical conditions.

Blood specimens

Venous blood (20 ml) was collected immediately before dosage and subsequently
(10 ml) at 20, 40 min and 1, 2, 3, 4, 6, 8, 12, 15, 24, and 33 h after dosage. Volunteers
were awakened during the night to provide samples between 2 and 8 h after dosing.
Blood was centrifuged immediately and the plasma stored at —20°C to await
analysis.

Analytical procedure

Temazepam plasma concentrations were determined by gas chromatography with
electron-capture detection. This procedure was adopted in preference to high-perfor-
mance liquid chromatography to provide the high sensitivity required for drug
determination after a single oral dose of the drug. The method used was based on
that of Belvedere et al. (1972) and involved diethyl ether extraction of drug from
plasma (together with diazepam as internal standard), followed by silylation of the
dried extract using N,O-bis-trimethylsilyl acetamide. Pyridine was incorporated as
solvent /catalyst as described by Fucella et al. (1977).

All samples (both formulations) from a single volunteer were analyzed as a single
batch, together with a calibration series spiked with between 0 and 1000 ng/ml
temazepam and prepared using the same subject’s plasma (predose).

Pharmacokinetic calculations

For each volunteer and each formulation the terminal phase half-life (t ,5) was
calculated by standard procedure from the least-squares regression line through the
terminal phase log data points. The area under the plasma concentration vs time plot
from time zero to infinity (AUC, _, ., ) was calculated using the trapezoidal rule up to
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33 h and adding on the area contribution from 33 h onwards which was calculated
using the equation:

C33 Xty 28
AUCs0 =493

where C,; is the plasma concentration after 33 h.
The half-life of the “distribution phase” (t, ,,,) was calculated from the slope of
the line drawn by the method of residuals (Gibaldi and Perrier, 1975).

Results

All volunteers completed the study in a satisfactory manner. One subject (Volun-
teer 1) complained of a severe headache at 06.00 h (8 h after capsule dosage), which
was not considered to be drug-related.

Individual plasma concentrations of temazepam after capsule and elixir formula-
tion are presented in Table 1. Mean data for the two formulations are illustrated
graphically in Fig. 1. Pharmacokinetic data are summarized in Table 2 and indicate
a mean peak concentration of 444 ng/ml compared with 411 ng/ml after the elixir.
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Fig. 1. Mean temazepam plasma concentrations (ng/ml) following oral dosage of 20 mg capsule (— O —)
and elixir (--0--) formulations to 10 volunteers.
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The mean time to peak concentration was 1.6 h for both capsule and elixir
formulations. Seven of the 10 volunteers showed marginally higher peak concentra-
tions following the capsule but this was not statistically significant (paired t-test;
P > 0.3). The time to peak level was also not statistically different (Wilcoxon paired
rank test) for the two formulations. However, 20 min after dosage in all 10
volunteers, the elixir produced significantly higher plasma concentrations than in the
capsule (P < 0.01) (Table 1 and Fig. 1). In 3 volunteers (nos. 4, 6 and 10) both
formulations showed a plasma concentration after 12 h (about 2 h after breakfast on
day 2) in excess of that after 8 h (Fig. 2). This was reflected in only a small drop in
mean concentration at 12 h (Fig. 1).

All but one volunteer (No. 8) showed evidence of biexponential pharmacokinetics
(Fig. 3). a ‘distribution’ phase being evident up to approximately 8 h (range 5-10 h),
with a mean half-life (t, ,,,) of 1.3 h for both capsule and elixir. Volunteer 8 showed
a late peak plasma concentration. The distribution phase was therefore unclear in
this subject.

The mean drug terminal phase half-life (t, ,,5), calculated from a mean of 5 data
points for the 10 volunteers, was 9.8 h (capsule) and 9.2 h (elixir). Differences were
not significant (paired t-test; P > 0.2).

The mean area under the plasma concentration vs time plot was 3271 ng-h-ml ™!
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Fig. 2. Plasma concentration of temazepam (ng/ml) in Volunteer 6 showing the rise in levels 12'h
post-dosing with both capsule (— O —) and elixir (--0--) formulations.
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for the capsule and 3256 ng-h-ml~' for the -elixir (Table 2), also statistically
insignificant (paired ¢-test, P > 0.8).

Discussion

The lack of significant difference in area under the curve data and in peak plasma
concentration data would suggest no difference in the extent of drug absorption
between capsule and elixir. However, the highly significant difference in concentra-
tion 20 min post-dosing would suggest that the dissolution of the capsule shell is
critical in terms of drug absorption. The high levels achieved 20 min after elixir
administration suggest that a more rapid onset of activity is possible with this
formulation.
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T T L —T T T T T T T T
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Time after dosage (h)
Fig. 3. Log plasma concentration data from Volunteer 1 following 20 mg temazepam as the elixir
formulation.
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This study was carried out primarily during sleeping hours. Pharmacokinetic
parameters derived from such a study are perhaps therefore more relevant than those
from a daytime study for a drug with established hypnotic effects. Calculated
figures, however, showed little difference when compared with those derived from
daytime studies. The terminal phase half-life, for example, ranging from 5 to 15 h
(mean 9 h) was comparable with that reported by Fucella (1979) and Bittencourt et
al. (1979). The shorter half-life reported by Fucella (1979) in 6 subjects given
temazepam capsules in the evening was not confirmed in the present study. The
terminal phase half-life of temazepam is nevertheless short compared with many
benzodiazepines. Although it may be argued that the ‘distribution phase’ may be
more relevant over the period of sleep, the relatively low sub-therapeutic plasma
drug levels and shorter half-life beyond about 8 hours confirm the usefulness of this
drug as a hypnotic without a prolonged residual sedating effect (Hindmarch, 1979).
In addition, the use of temazepam formulated as the elixir will provide the rapid
sleep induction demanded of this short-acting benzodiazepine.
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