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(1 26-1l42 mmol/l; 5 04-5-68 mg/100 ml).5 Those workers used a
trometamol (TRIS) buffer which is highly temperature
dependent, whereas this is not the case for the imidazole buffer
that we employed. Their buffer was made up to pH 7-4 at 37°C
but used at room temperature. This would produce a rise in
pH to roughly 7-7 at 250C, which would be associated with a
fall of approximately 0 15 mmol/l (0-6 mg/100 ml) in the
measurement of CaD. As the mean of their reference range was
0 125 mmol/l (0 5 mg/100 ml) less than ours this technical
difference may account for the differences in the normal ranges.
This underlines the critical importance of the pH of the sample
at which CaD is measured.

Another problem is that currently there is no internationally
recognised reference standard for CaD. Our approach has been
to calibrate the assay system against a solution of calcium
carbonate, but this is open to criticism as it does not allow for
the Donnan effect of protein. Nevertheless, in view of the
fact that large changes in serum albumin concentration induced
by venous stasis had no effect on CaD, the Donnan effect would
appear to have no practical relevance. Although the problem of
standardisation may be relevant to interpretation of results
among different laboratories, once a standard has been developed
within a particular laboratory the results will be internally
consistent. Furthermore, if this method is widely accepted it
should be possible to develop an acceptable international
standard.

In favour of the use of CaD rather than other methods of
calcium estimation is that the method is a simple modification
of a continuous flow total calcium technique using equipment
that has been tried and tested over many years and is readily
available. It correlates well with CaI but has none of the practical
problems associated with this technique. Although under many
circumstances CaA gives a clinically equivalent result, calcula-

tion requires the measurement of both CaT and albumin. Now
that it is 50 years since the physiological irrelevance of protein
associated calcium was first commented on it is time to move
away from measuring CaT. In busy biochemical laboratories
CaD estimation is an efficient and cost effective answer.

We thank Mrs Margaret Miller, of the NH and MRC unit in
clinical epidemiology, University of Western Australia, who provided
some of the blood samples for analysis, and Miss Rowena Devlin, of
the department of endocrinology and diabetes, Sir Charles Gairdner
Hospital, who performed the Cal measurements.
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The role of endogenous opiates in thermal regulation of
the body during exercise

K DE MEIRLEIR, T ARENTZ, W HOLLMANN, L VANHAELST

Abstract

Naloxone abolished the rise in body temperature seen
after bicycle ergometer tests performed by 10 healthy
men. This suggests that endogenous opiates play a part
in thermal regulation during muscular exercise.

Introduction

The effect of opiates on core temperature has been the subject
of many studies. Evidence shows that endogenous opiates, in
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particular endorphins, have a role in the central control of
body temperature.'-4Because body temperature rises during
dynamic muscular exercise we were intrigued to know whether
endogenous opiates play a part in this phenomenon. We
therefore studied the effect of naloxone (an opiate antagonist)
on the changes in body temperature induced by exercise.

Subjects, methods, and results

Ten healthy men aged 22-28 years, who regularly participated in
various sporting activities, underwent a graded ergometer test on
three occasions. They exercised on a bicycle ergometer with electric
brakes (Ergometric systems 380B, Siemens Elema, Sweden), and on
each occasion an identical protocol was used. The tests were performed
in the same laboratory at constant room temperature and humidity,
at the same time of day, and with an interval of at least four days
between each test for each subject.
The first test served as a control. In the second and third tests

either placebo (5 ml saline) or 2 mg naloxone (naloxone hydrochloride
0 4 g/l, Dupont de Nemours, Belgium) was administered intra-
venously five minutes before exercising. The order of the placebo
and naloxone tests was randomised and double blind; five subjects
received placebo first and five received naloxone first to minimise
carryover effects. The temperature in the laboratory was kept constant
at 20'C and the humidity at 600, . Sublingual temperature was
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Mean (SD) sublingual temperatures (°C) before, immediately after, and one
hour after exercise in 10 healthy men given placebo or naloxonefive minutes before
exercise

Control Placebo Naloxone

Before exercise 36-85 (0 24) 36 64 (0-28) 36-58 (0 29)
Immediately after 37 33 (0 26) 37 16 (0 27) 36 40 (0-54)*
An hour after 36-83 (0 24) 36-67 (0 34) 36-34 (0 41)*

*p <0-001 compared with control and placebo studies.

measured with a simple thermometer before exercise, immediately
afterwards, and one hour later. Statistical study of results was
performed by two way analysis of variance.
There were no significant differences in maximal heart rate,

maximal workload, or duration of exercise until exhaustion when the
control, placebo, and naloxone trials were compared. As expected, a
rise of body temperature of about 05°C was seen immediately after
exercise in the control and placebo tests: mean sublingual temperature
was 36 85 (SD 024)°C before and 37 33 (086)°C after exercise in the
control test and 36-64 (028)°C before and 37 16 (027)°C after
exercise in the placebo test. Administration of naloxone completely
abolished this rise in temperature: before exercise the sublingual

temperature in the naloxone test was 36-58 (0 29)"C and after
36 40 (0-54)°C. The difference between the placebo and control tests
was significant (p < 0 001) (table).

Discussion

Our finding that the rise in body temperature induced by
exercise is antagonised by naloxone suggests that endogenous
opiates play a part in thermal regulation during muscular
exercise.
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Dihydrocodeine in renal failure: further evidence for an
important role of the kidney in the handling of opioid
drugs

J N BARNES, A J WILLIAMS, M J F TOMSON P A TOSELAND, F J GOODWIN

Abstract

The pharmacokinetics of a single oral dose of dihydro-
codeine were studied in nine patients with chronic renal
failure treated by haemodialysis and nine subjects with
normal renal function. In the patients the mean peak
plasma dihydrocodeine concentration occurred later
and the area under the curve was greater than in the
normal subjects. Furthermore, the drug was still
detectable after 24 hours in all the patients but only
three of the normal subjects.
These data, together with those obtained from pre-

viously published clinical case reports, contradict the
traditional view that the body's ability to cope with
opioid drugs is not altered in renal failure.
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Introduction

The kidney is the main site for the elimination of many drugs
and their metabolites from the body, and renal disease can
consequently have important effects on the pharmacokinetics of
such drugs. In addition, the pharmacokinetics of these drugs
may be altered in uraemia by changes in plasma protein binding
and the rates at which they are metabolised.' 2

Although opioid drugs and their metabolites are excreted by
the kidney3 4 and some have decreased plasma protein binding
in uraemia,5 it is generally considered to be safe to prescribe
them at the normal therapeutic dosage to patients with impaired
renal function.6-8

This view must now be challenged. There have been several
reports of serious narcosis in patients with renal failure treated
with opioid drug,9 and evidence that the kidney has an
important role in the elimination of opioid narcotics is
accumulating." 12

The present study was performed to investigate the effect of
end stage renal failure on the pharmacokinetics of a single oral
dose of dihydrocodeine, a drug that has hitherto been considered
to be safe at the conventional dosage in patients with chronic
renal failure receiving maintenance haemodialysis. 3

Subjects and methods

We studied nine subjects (five men), mean (SD) age 34-2 (4-2)
years, with normal renal function and nine patients (seven men), age
40 8 (5-2) years, receiving maintenance haemodialysis. All the
subjects attended after an overnight fast, and the patients attended on
days when they were not receiving dialysis. A 19 G Butterfly cannula
was inserted into a forearm vein in the normal subjects or into a
vein on the back of the hand in the patients. Blood samples were
taken immediately and without tourniquet for estimating plasma
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