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In addition to the morbidity from this organism, however,
lies the potential for a fatal illness. Overwhelming strongy-
loidiasis may occur as an opportunistic infection.' This also
devolves from the ability of S stercoralis to multiply; when
patients become immunosuppressed host defences break down
and filariform larvae spread throughout the body. Gram-
negative septicaemia, pneumonia, and meningitis often com-
plicate the direct injury produced by migrating larvae. Such
patients commonly fail to respond to thiabendazole and anti-
biotics. In view of the difficulty of diagnosis, ex-prisoners of
war in south-east Asia who are about to receive immuno-
suppressive agents should probably first be treated pro-
phylactically with thiabendazole.
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Improved hypnotic treatment using chlormethiazole
and temazepam

R S BRIGGS, C M CASTLEDEN, C A KRAFT

Summary and conclusions

The effects ofa single 384 mg oral dose ofchlormethiazole
were compared with those of 20 mg of temazepam and
placebo in healthy old and young women (mean ages
72-9 and 24-7 years respectively). Both drugs were
effective hypnotics and had no detectable pharmaco-
logical action the next morning. Even four hours after
administration performance of a simple psychomotor
test was not impaired and sway (measured by an
ataxiameter) was not increased in either age group.
Pharmacokinetic studies showed that chlormethiazole
was rapidly absorbed, distributed, and eliminated by
both groups, so that minimal plasma concentrations
existed 11 hours after administration. Temazepam,
however, was less quickly absorbed and distributed,
especially in the young group, and substantial amounts
remained in the plasma 11 hours after administration.
No unwanted effects occurred after temazepam, but 17
of the 20 subjects suffered from nasal irritation after
taking chlormethiazole.
Thus hangover effects may be avoided in elderly subjects

after they have taken hypnotic drugs, and temazepam
and chlormethiazole allow sleep to be interrupted safely.

Introduction

Since many hypnotics are slowly eliminated from the body, high
plasma concentrations persist throughout the day after ad-
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ministration. These produce sedation and impairment of
performance of the central nervous system (CNS) and are a
major drawback to using hypnotics.' 2 A solution would be to
prescribe hypnotics that are rapidly eliminated, so that only
small and pharmacologically ineffective concentrations exist the
next morning. Chlormethiazole and temazepam, two hypnotics
with relatively short half lives,3 4 produce no hangover effects
in younger subjects at doses of 768 mg and 20 mg respectively.5 6
Data do not exist, however, for elderly subjects, although in
general the elderly are more susceptible to adverse effects after
taking hypnotics.

Evidence is conflicting on whether hypnotics in the elderly
increase their tendency to fall.10 11 Since old people commonly
rise once or more every night, the effect of hypnotic treatment
on their ability to do so safely warrants investigation.
We designed this study firstly to establish whether hangover

effects the next morning could be avoided in the elderly by
giving hypnotics with short elimination half lives; secondly, to
relate any differences in CNS performance between young and
old subjects after these hypnotics to their respective plasma
concentrations; and, finally, to determine whether such
hypnotics affect CNS performance a few hours after being
taken, increase the likelihood of falls, and still retain their
hypnotic action.

Subjects and methods

Ten old and 10 young female volunteers took part in the study.
Their average ages were 72-9 years (range 67-77) and 24-7 years
(range 21-31) respectively. All lived independently at home and were
apparently in good health with no clinical or biochemical evidence of
hepatic, renal, cardiovascular, pulmonary, or CNS disease, apart
from one old subject who was mildly hypertensive. One subject in
each age group smoked. None took regular medication (including the
contraceptive pill), and no drugs were taken within seven days of the
study. Each subject gave informed consent to the project, which
was approved by the local ethical committee.
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STUDY DESIGN

Each subject received 20 mg temazepam (two soft yellow gelatine
capsules), 384 mg chlormethiazole (two yellow gelatine capsules), or

identical placebos on separate occasions one week apart. The treatments
were administered double-blind and the order randomised and
balanced.
Each subject was given a single room in the hospital, in which all

the tests were carried out after one night's acclimatisation. Subjects
prepared themselves for bed and were given the capsules at 2200,
having eaten a light, fat-free meal at 1900. Pharmacodynamic tests
were carried out four and 11 hours after administration. Venous
blood samples were drawn through a butterfly cannula in an upper
limb vein kept patent with heparinised saline. Samples from all of the
young and nine of the old subjects were collected at 0, i, 1, 1j, 2, 3,
4, 8, 11, and 18 hours after each treatment; the plasma was separated
and stored at - 20°C.

PHARMACODYNAMIC TESTS AT FOUR AND 11 HOURS

Psychomotor test-Subjects crossed out the letter e on a page of
prose for two minutes. The score was the total number of e's correctly
deleted.
Sway test-Each subject's cumulative sway over one minute was

measured by a Codoc ataxiameter, one unit equalling one-third of a
degree arc.'2

Visual analogue scales-Subjects indicated on scales from 0 to
100 mm (i) how long it took them to get to sleep (almost at once to
not at all)-that is, latency; (ii) how long they slept (perfectly to not
at all)-that is, duration; and (iii) how wide awake they felt at the
time of the test (wide awake to almost asleep)-that is, sedation.

Electroencephalogram (EEG) sleep score-A 30-minute EEG
recording was taken at 11 hours and scored blind by two independent
observers.'3

ESTIMATION OF PLASMA CONCENTRATIONS AND PHARMACOKINETICS

Chlormethiazole-Concentrations above 100 [tg/l were estimated by
gas chromatography using a Perkin-Elmer Model Fl 1 chromatograph.
Concentrations below 100 lsg/l were determined on an LKB 2091 gas
chromatograph and mass spectrometer.3

Temazepam-Plasma concentrations were estimated by gas
chromatography using a Pye 104 chromatograph fitted with an
electron-capture 63nickel detector. The internal standard was 0-
methyltemazepam.

Pharmacokinetic data-The plasma concentrations obtained for
each subject were related to the time at which the blood samples were
taken by using a modified Simplex computer programme.'4

STATISTICAL ANALYSIS

The Wilcoxon matched pairs signed rank test was used to compare
the pharmacodynamic test scores four and 11 hours after administra-
tion of each drug with those after administration of placebo within
each age group. These data were compared between the two age

groups by using a Wilcoxon signed rank test for unmatched pairs.
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Pharmacokinetic data in the two groups were compared with
Student's t test for unpaired data.

Correlations between plasma concentrations of chlormethiazole and
temazepam at four and 11 hours and the results of pharmacodynamic
tests were made with Spearman's rank correlation coefficient.

Results

PHARMACODYNAMIC TESTS

The table shows the results of the tests. In each group the effects of
chlormethiazole, temazepam, and placebo were compared.

Psychomotor test-The elderly performed less well than the young
after all treatments. Neither drug, however, significantly affected
accuracy in either group four or 11 hours after administration.
Sway test-Chlormethiazole and temazepam had no significant

effect on sway in either group after four or 11 hours. The mean sway
in the older group was almost twice that in the younger at both times.
EEG sleep score-The EEG sleep score was similar 11 hours after

all treatments in both groups.
Subjective assessment-Both drugs shortened sleep latency and

increased duration in both age groups in the first half of the night;
temazepam had a greater effect than chlormethiazole in the elderly.
When woken after four hours the young felt sedated with both
drugs, and there was no significant difference between the two drugs
in this respect. The old, however, were as awake after the two active
treatments as after placebo. After the subjects had been woken
temazepam was more successful in reinducing sleep than chlor-
methiazole in the young, but the reverse was true in the elderly.
Both drugs increased the duration of sleep in the second half of the
night in the young, and there was no significant difference between
them. Only chormethiazole prolonged sleep compared with placebo
over this period in the elderly.

SIDE EFFECTS

Nasal irritation occurred in all the young and seven of the old
women after chlormethiazole. Three subjects felt sedated 11 hours
after administration, two of whom were receiving temazepam.

PHARMACOKINETICS

Appreciable intersubject variability occurred with both drugs.
There was no statistical correlation between plasma concentrations
and the results of pharmacodynamic tests.

Chlormethiazole-Figure 1 shows the plasma concentration time
curve for each group. There was no significant difference between
the groups, although the mean peak concentration in the elderly was
considerably higher than that in the young. The absorption time was
so short that peak concentrations occurred in both groups before the
first samples were taken-that is, within 30 minutes. The mean
elimination half life was 3-77 hours (range 2-41-5-90) in the old and
3-23 hours (range 213-4-89) in the young subjects. The mean
(± SEM) plasma concentrations 11 hours after administration were
36±10I tg/l in the old and 35±7 ,ug/l in the young, and at 18 hours
22±6 ,ag/l and 14±6 ,ug/l respectively.

Results of pharmacodynamic tests four and 11 hours after administration of chlormethiazole, temazepam, and placebo in 10 young and 10 old subjects. Figures are
mean scores (and ranges)

Young Old

Temazepam Chlormethiazole Placebo Temazepam Chlormethiazole Placebo

Four hours after administration
Psychomotor performance 80-3 (63-101) 82-3 (70-93) 88-8 (75-108) 46-1 (29-68) 50 9 (28-67) 53-6 (35-86)
Latency 25-4 (10o48)* 28-7 (0-76)* 61-0 (23-98) 33-7 (0-93)* 50-5 (9-91)** 78-6 (35-100)
Duration 15-8 (2 44)* 27-7 (0-75)* 50-8 (0-98) 33-8 (3-94)* 51-6 (11-92)** 79-1 (35-100)
Sedation 54-3 (13-77)* 50-8 (5-91)** 22-6 (3-49) 36-0 (5-88) 31-5 (8-82) 19-8 (0-60)
Sway . .90 (6-12) 12-9 (6-25) 7-1 (2-13) 20-3 (8-45) 19-2 (7-46) 21-3 (7-59)

Eleven hours after administration
Psychomotor performance 114-4 (84-129) 108-0 (80-127) 111-7 (94-121) 71-8 (38-111) 67-8 (44-103) 72-3 (47-106)
Latency 7-2 (0-22)* 14-7 (4-28) 23-6 (0-47) 28-0 (3-100) 22-5 (0-90)** 47-4 (0-98)
Duration 8-9 (0-26)* 6-8 (0-19)** 25-0 (2-53) 34-6 (3-96) 29-0 (10-73)** 52-1 (8-95)
Sedation 16-0 (0-36) 28-3 (0-59) 18-5 (0-40) 11-6 (5-17) 17-3 (5-53) 15-8 (4-39)
Sway . .9-4 (4-17) 9-2 (4-15) 7-1 (5-9) 20-1 (9-29) 19-2 (5-26) 18-4 (10-31)
Electroencephalogram .. 25-1 (0-111) 26-9 (0-91) 26-5 (0-70) 14-9 (0-90) 23-9 (0-126) 17-9 (0-69)

Significance of difference: *p<0-01; **p<0.05 compared with placebo.
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FIG 1-Mean and SEM plasma chlormethiazole con-
centrations in young and old subjects after single oral dose
of 384 mg.

Temazepam-Since the plasma concentrations varied considerably
between subjects, only the rate of absorption was compared between
the two age groups. This was significantly faster in the older subjects:
their mean time to peak concentration was 0-3 (range 0-12-0-71)
hours, compared with 1 75 (0 90-3 43) hours in the young (p< 0 002).
Insufficient data were available to determine elimination half lives for
each subject, but the means for each group were 14 0 hours in the
old and 115 hours in the young subjects (calculated from mean log
plasma concentration time curves for each group). The mean (±
SEM) plasma concentrations 11 hours after dosing were 82± 6 ug/l
in the old and 102 4 10 Hug/l in the young, and at 18 hours 6848 ,tg/l
and 68 ± 10 tLg/l respectively.
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FIG 2-Mean and SEM plasma temazepam concentrations
in young and old subjects after single oral dose of 20 mg.

Discussion

The results of this study show that chlormethiazole and
temazepam do not cause detectable hangover effects the next
morning in young or old subjects in the doses used. Thus they
have considerable advantages over many other hypnotics,13 15-17
whose unwanted effects may last up to 36 hours after a single
dose and are more severe and more common in the elderly.8 9 18
The most commonly prescribed-diazepam, nitrazepam,
chlordiazepoxide, and flurazepam (or their active metabolites)-
are eliminated so slowly from the body that persistent pharmaco-
logical actions occur for many hours after administration.'9

The plasma concentration time curve of chlormethiazole is
ideal for a hypnotic, showing rapid absorption, fast elimination,
and only minimal amounts persisting eight hours after
administration. Subjective and objective measurements confirm
this principle: both groups found chlormethiazole an effective
hypnotic and neither reported nor were observed to have any
hangover effects. These results confirm earlier findings that
chlormethiazole produced no hangover effect in young subjects
even when 768 mg was given at night.5
Temazepam was also effective in both age groups and had no

detectable effect the next morning in the dosage used, but its
pharmacokinetic profile was different from that of chlor-
methiazole. Although insufficient samples were analysed for
an elimination half life to be calculated for each subject, a mean
for each age group suggested values of 11-5 hours in the young
and 14 hours in the old. These results should be treated with
caution but agree with an earlier report of 15-20 hours.20
More recently, small studies found the mean elimination half
life to be around eight hours, though they again confirmed
appreciable intersubject variability.4 21 Such results suggest that
further work is required before confident claims may be made.
Clearly, although the rate of elimination is considerably quicker
than for many benzodiazepines, it is similar to that of
lorazepam22 and oxazepam.23 Substantial amounts of temazepam
remain in the body 11 hours after administration, and therefore
accumulation is likely with repeated daily dosing.
The more rapid absorption of temazepam in the elderly than

the young is unexplained and possibly only a chance finding
owing to intersubject variability, but, clearly, temazepam is not
quickly absorbed in all subjects. The slow absorption and late
peak concentration in the young were consistent with their
being appreciably sedated four hours after dosing and with the
drug's effect on latency and duration of sleep in the second half of
the night. These effects were not observed after temazepam
was given in the older subjects, in whom the mean peak con-
centration occurred much earlier and plasma concentrations at
four hours averaged half those in the young. Since results of
pharmacodynamic tests 11 hours after administration were not
impaired in either age group, temazepam may have no detectable
pharmacological effect below plasma concentrations of about
120 tg/l.
The elderly usually wake frequently at night, and this may be

necessary in some-for example, to ensure continence. Benzo-
diazepines may make rising from the bed difficult owing to
muscle relaxation,6 and barbiturates may increase the incidence
of nocturnal falls in the elderly.10 It is important, therefore, that
both chlormethiazole and temazepam permitted an interruption
of sleep during which neither psychomotor performance nor
sway were impaired in either age group.
Thus the results of this study have shown that hangover

effects may be avoided in elderly subjects after administration of
drugs with an adequate hypnotic action, and that such hypnotics
allow sleep to be interrupted safely.

We are grateful to Astra Chemicals Ltd and Wyeth Laboratories
for financial help, supplying drug and placebo capsules, and estimating
the plasma chlormethiazole and temazepam concentrations. We are
also indebted to Dr M Sedgwick, senior lecturer in neurophysiology,
and D Mayers, chief technician, EEG department, Southampton
General Hospital, for scoring the EEGs; and to Mrs J Wadsworth,
computing unit for medical sciences, St Bartholomew's Hospital, for
performing the pharmacokinetic analysis on the plasma concentrations
of both drugs.
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Timing of pre-breakfast insulin injection and postprandial
metabolic control in diabetic children

A L KINMONTH, J D BAUM

Summary and conclusions

A peak period of hyperglycaemia in insulin-dependent
diabetics occurs after breakfast. A randomised crossover
study was performed on nine diabetic children at home
to study the effect of varying the time of their morning
mixed injection of Monotard and Actrapid insulin on this
hyperglycaemic peak. Performing the study at home
minimised the children's stress.
After diabetic control had been improved children

injected their insulin 30 minutes (early injection)
or five minutes (late injection) before breakfast on two
consecutive Saturday mornings. Blood samples were
taken at 30-minute intervals over 31 hours and analysed
for concentrations of glucose, insulin, C-peptide, pyru-
vate, lactate, alanine, and ketones. Diet, insulin dose, and
exercise were kept the same on both test days.
The mean blood glucose concentration at breakfast

(O minutes) was 11 mmol/l after the early injection and
10 mmol/l after the late injection. Subsequent concen-
trations were consistently lower with the early injection
regimen than the late regimen. The greatest difference
between values in the two groups was 3 7 mmol/l at 150
minutes. Mean plasma insulin concentrations were
lower in the children on the early regimen than in those
on the late regimen at 30 minutes before breakfast but
higher at 0 minutes and thereafter. There were no
significant differences in mean concentration of inter-

University Department of Paediatrics, John Radcliffe Hospital,
Oxford OX3 9DU

A L KINMONTH, MA, MRCP, research fellow in diabetes
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mediary metabolites between the two injection regimens.
These were mainly within the normal range for healthy
young adults except for the ketone concentrations, which
were raised with both injection regimens until 180
minutes after breakfast.
These results suggest that the timing of the morning

injection of insulin is important in the control of post-
prandial hyperglycaemia in diabetic children.

Introduction

It is established that the management of diabetes mellitus
should include a serious attempt to keep blood glucose concen-
trations as close to normal as possible.' The diurnal variation in
blood glucose concentration with various insulin regimens has
been well documented in diabetic adults2 3 and children
(G Werther, MSc thesis, Oxford University, 1978) by using 24-
hour sampling methods in hospital. Despite differences in
regimen, a hyperglycaemic peak usually occurs after breakfast.2 3

Factors that may contribute to this hyperglycaemia include
insulin deficiency, relatively high carbohydrate breakfasts, and
rebound from nocturnal hypoglycaemia.

Insulin deficiency should be improved by increasing the
interval between the morning insulin injection and breakfast.
A preliminary survey of 30 diabetic children attending our
clinic showed that for most of them this interval was 15 minutes
or less, either for convenience or for fear of hypoglycaemia.
We performed this study to see whether the minimal disruption
of giving the morning insulin injection 30 minutes rather than
five minutes before breakfast could significantly reduce post-
prandial hyperglycaemia without producing preprandial hypo-
glycaemia in diabetic children. Our study also aimed at
evaluating the acceptability of metabolic studies on such
children at home.
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