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frequency and distribution of the condition in Great Britain by
analysing death certificates in 1967-71. They could not define
any regional variations. A major limitation of the survey was the
fact that it covered a period when the diagnostic value of the
antimitochondrial antibody was not widely established. The
authors conceded that their study may not have been representa-
tive in that they reported a predominance of patients in social
classes I and II, whereas in this study the distribution of the
disease more closely paralleled the distribution of social classes
in the community. Much more information is needed on the
epidemiology of this disorder in this country and elsewhere in
the world, both to confirm the regional variation and to test the
hypothesis of an environmental agent. Indeed, further studies
along these lines might provide clues to the cause of this puzzling
disorder.
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Cimetidine and ranitidine: comparison of effects on
hepatic drug metabolism

D A HENRY, I A MACDONALD, G KITCHINGMAN, G D BELL, M J S LANGMAN

Summary and conclusions

Paired studies of hepatic microsomal function were
conducted in eight subjects during treatment with two
histamine H2 antagonists, cimetidine and ranitidine.
Cimetidine but not ranitidine inhibited the metabolism
of antipyrine (phenazone) and demethylation of amino-
pyrine (aminophenazone) as measured by breath 14CO2
production after intravenous injection of 14C-amino-
pyrine.
These results suggest that the metabolic inhibitory

actions on the liver may be separated from H2 antagonist
effects, and that ranitidine has an advantage over cimeti-
dine by not inhibiting microsomal drug oxidative
function.

Introduction

When drugs such as warfarin, antipyrine (phenazone), and
diazepam are taken with cimetidine their metabolism is
retarded.1 2 This interaction has been attributed to the
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imidazole ring structure of cimetidine.1 Many imidazole
compounds inhibit hepaticmono-oxyxgenase function,3 andin the
case of cimetidine this effect may be mediated in part through
direct binding to microsomal cytochrome P450.4 Ranitidine is a
new potent H2-receptor antagonist.5 The central imidazole
group has been replaced by a furan ring and the side chain has
been modified. We have compared the effects of therapeutic
doses of cimetidine and ranitidine on hepatic microsomal
function.

Subjects and methods

Eight subjects (six healthy volunteers and two patients with
duodenitis) were studied after the nature and purpose of the investi-
gation had been explained and after approval had been obtained from
the hospital ethical committee. Antipyrine clearance was measured in
all eight subjects and 14C-aminopyrine (14C-aminophenazone) breath
analysis conducted in six subjects before and during treatment with
cimetidine 1 g daily and ranitidine 200 mg daily. The studies were
performed in a cross-over fashion. Five subjects took cimetidine
followed by ranitidine, the remainder ranitidine followed by cimeti-
dine. Cimetidine was given for one to six weeks, and ranitidine for
one week only (see table).

Antipyrine (15 mg/kg) was taken by mouth during fasting and
saliva collected at intervals from three to 24 hours afterwards. Anti-
pyrine concentrations were measured spectrophotometrically6 and the
half life and metabolic clearance rates calculated from the semi-
logarithmic plot of salivary concentration against time.

14C-AMINOPYRINE BREATH ANALYSIS

The procedure was as described.7 All studies were performed on
fasting subjects. After intravenous administration- of 2 iCi 14C-
aminopyrine, 2 mmol* exhaled carbon dioxide was trapped in a
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Half lives of phenazone and breath 14C02 from 14C-aminopyrine before and during treatment with cimetidine 1 g and ranitidine 200 mg daily

During treatment

Before treatment Cimetidine Ranitidine

Duration of Duration of
Antipyrine Breath I4CO2 treatment Antipyrine Breath 14CO2 treatment Antipyrine Breath 4C02

Subject ti (h) t-l (h) (weeks) t I (h) t ' (h) (weeks) t!, (t) t, (h)

1 10-1 2-7 1 17-3 40 1 9-5 3-1
2 9-7 2-5 4 14-2 39 1 12-7 26
3 13-8 28 1 148 32 1 15-0 4-4
4 11-7 2-9 1 130 3-5 1 110 2-6
5 - 2-0 6 13-7 3-3 1 8-8 1-9
6 12 3 3-2 4 21-3 3-7 1 - -

7 14-5 - 1 13-7 - 1 14-0
8 12-2 - 1 16-3 - 1 10-2

phial of hyamine hydroxide at hourly intervals up to 12 hours. After
adding scintillant the 14C produced by demethylation of '4C-amino-
pyrine was measured in a liquid scintillation counter. The degree of
quenching of individual phials was estimated by external standardisa-
tion. The half life of breath '4CO2 was calculated from a semilogarith-
mic plot of the breath specific activities beyond two hours.8
To measure accurately the proportion of the dose of "4C-amino-

pyrine demethylated in unit time the method was modified to permit
semi-continuous collection and simultaneous measurement of drug-
derived "4CO2 and endogenous, unlabelled carbon dioxide. In four
subjects all expired gases were collected for five out of every 10
minutes for one hour after administration of 14C-aminopyrine. The
procedure was repeated during treatment with cimetidine and
ranitidine. Subjects wore a nose clip and breathed through a valved
mouthpiece into Douglas bags. The composition of dry gas was
determined with an infrared carbon dioxide analyser and a para-
magnetic oxygen analyser. The gas analysers were calibrated with
standard gases every 20 minutes throughout each experiment. The
4CO2 content of the expired air was determined by trapping 20 mmol*
carbon dioxide from each Douglas bag in hyamine hydroxide. A
diaphragm pump drove the bag contents through the hyamine and
returned the carbon-dioxide-free gas to the bag. The variability of
trapping was determined by reanalysis of each bag and found to be less
than 133%. The volume of gas remaining in each bag was determined
with a dry gas meter, and after correcting the total gas volume (in-
cluding the volume of the samples and trapped carbon dioxide) to
standard temperature and pressure, dry, the carbon dioxide output,
oxygen uptake, and respiratory exchange ratios were calculated. The
"C content of the trapped carbon dioxide was determined by counting
2 ml aliquots of the saturated hyamine in triplicate as described above.
The percentage of the administered dose demethylated in each minute
was calculated from the product of carbon dioxide production rate and
carbon dioxide specific activity.

Statistical analyses were by paired t test.

Results

Cimetidine prolonged the half life of antipyrine from a mean of
12-0±SD 1-8 h to 15-8±2-8 h (n=7, p<0-05; table). There was no
alteration in the calculated volumes of distribution, and antipyrine
clearance rates were reduced from 45-3±SD 12-4 ml/min to 33-2-4-
11-3 ml/min (n = 7, p < 0.02). After treatment with ranitidine the mean
half life was 12-1 ±2-2 h and the clearance rate 49-1 ±5-2 ml/min.
These were not significantly different from the control values.
The half lives of breath "4CO2 were increased from a mean of

2-7 ± SD 0-4 h to 3-6 ±0-3 h by cimetidine (n = 6, p < 0-005) but were
unchanged by ranitidine (2-9 +0-9 h). The figure shows the profile of
4CO2 elimination during semi-continuous analysis and the effects of
treatment with cimetidine and ranitidine. After intravenous ad-
ministration of "4C-aminopyrine, breath 14CO2 concentrations rose
rapidly and then remained constant for one to two hours before
declining exponentially. At all times other than during the first 10
minutes of the study cimetidine produced a highly significant
reduction in the output of "4CO2. No such effect was seen with
ranitidine. The total extent of demethylation of 14C-aminopyrine in
the first hour after administration was reduced from a mean of 4-9±
SD 060o to 3-1 ±06% of the administereddose (n= 4, p <0-02). It was
unchanged by ranitidine (4-7 ±0-9°'). Endogenous carbon dioxide
production in these four subjects ranged from 6-2 to 9-6 (mean
7-9±SD 1-1) mmol*/h/kg body weight and was unaffected by

*Conversion factor: 1 mmol CO.-22-3 ml at STPD.
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Profile of"4CO2 excretion after intravenous "4C-aminopyrine
administration in four subjects before and during treatment
with cimetidine and ranitidine. Results given as means
± SEM; significance values are of differences between
values before treatment and during treatment with
cimetidine (paired t test).

H2-receptor blockade. In all cases calculated values for respiratory
exchange ratios and oxygen consumption were within the physiological
range for fasting adults at rest.

Discussion

Antipyrine clearance and "4CO2 breath analysis after 14C-
aminopyrine administration are reliable tests of hepatic micro-
somal drug oxidative function.8 9 The modified 14C-aminopyrine
breath test described here permits simultaneous measurement of
4CO2 and endogenous, unlabelled carbon dioxide, and thus the
precise extent of demethylation of aminopyrine may be found.
Our results confirm that the microsomal enzyme inhibition

produced by cimetidine is a consequence of the chemical
structure of the drug and is unrelated to H2-receptor blockade.'
Ranitidine in doses that we have shown to be equipotent for
duodenal ulcer healing10 and others have found to give equipotent
secretory inhibition5 produced no changes in the indices of drug
metabolism measured in this study. The effect of cimetidine on
antipyrine metabolism was highly variable in our subjects, but
th.' mean reduction in clearance was almost identical with
reported figures.' The inhibition of aminopyrine metabolism
was of a similar magnitude despite in-vitro studies showing that
imidazole compounds interfere with n-demethylation less than
other microsomal oxidative functions.' That drug interactions of
this type are clinically important was shown by Serlin et al for
warfarin,l and Klotz et al for diazepam.' Peptic ulcer is increas-
ingly a disease of the elderly, who commonly receive several
drugs simultaneously, many ofwhich are extensively metabolised
in the liver. These patients are at particular risk of side effects
resulting from coadministration of inhibitors of microsomal drug
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oxidative function. Our results suggest that ranitidine has an
advantage over cimetidine in being free of this effect.

We thank Mrs E E Mullins, Mrs D Sharrock, and the other
members of staff in the cardiorespiratory laboratory, City Hospital,
Nottingham, for their help.
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Radioimmunoassay of serum creatine kinase BB as index of
brain damage after head injury

J P PHILLIPS, HILARY M JONES, ROWENA HITCHCOCK, N ADAMS, R J THOMPSON

Summary and conclusions

Brain-type creatine kinase isoenzyme (CK-BB) was
measured by radioimmunoassay in the serum of 54
patients with head injuries. CK-BB was not detectable in
476 out of 1006 controls, the remaining 530 normal
samples containing a mean of 15± SD075 Qug/l. The
mean CK-BB concentrations in patients with mild,
moderate, and fatal head injuries were all significantly
higher than the control value (p< 0 01 in each instance).
Patients with serious head injury had serum concentra-
tions many times the normal value, in two cases within
30 minutes after impact. Fatally injured patients con-
tinued to have high serum concentrations several days
after injury. In less serious cases values approached
normal within two or three days. Every patient with
evidence of cerebral laceration, bruising, or swelling had
a serum CK-BB concentration above normal. Raised
concentrations were found in 14 out of 22 patients with
concussion only.
The serum CK-BB concentration appears to be a

sensitive index of brain damage and may prove useful in
the management and follow-up of head-injured patients.

Introduction

A biochemical index of the extent of brain damage might be of
great value in assessing and managing patients with head
injury. Several proteins have been measured in serum and
cerebrospinal fluid after trauma, including lactate dehydrogenase
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isoenzymes,l' creatine kinase isoenzymes,7 and myelin basic
protein.9 10 Though such studies usually show a correlation
between the serum concentration of the marker protein and the
extent of the cerebral lesion, the methods may not be sensitive
enough to monitor minor degrees of brain damage, and no
one marker protein has become established in patient care.
Brain-type creatine kinase isoenzyme (CK-BB) has been
measured in head injuries by fluorescence7 and by spectro-
photometry.8 Bell et all' measured CK-BB by radioimmuno-
assay in serum and cerebrospinal fluid from patients with
neurological disorders and found significantly increased mean
values in those with acute cerebrovascular accidents, patients
with prolonged alterations of consciousness, and in a single
patient with head injury. We developed a similar radioimmuno-
assay for CK-BB and found significantly raised mean serum
concentrations in patients with dementia and also isolated
raised values in patients with epilepsy, cervical myelopathy, and
cerebellar degeneration.12 Apart from neurological disorders
radioimmunoassay has shown raised serum CK-BB concentra-
tions in malignant diseases.'3
Radioimmunoassays for creatine kinase isoenzyme estimation

are reportedly about 1000 times more sensitive than conventional
spectrophotometry14 and furthermore recognise enzymically
inactive but immunologically reactive protein. We have therefore
used radioimmunoassay to measure CK-BB in the serum of 54
patients with head injury to see whether the concentration is a
sensitive index of brain damage.

Patients and methods

The 54 patients were divided into three groups according to the
early outcome (death or discharge).

Group 1 comprised 25 patients with mild head injury resulting in
loss of consciousness for under 10 minutes. Three patients had
transient neurological signs detectable after they regained con-
sciousness, but the remaining 22 were concussed only. All patients
fully recovered and showed no residual disability on discharge.

Group 2 comprised 19 patients with serious head injury resulting
in some residual deficit on discharge.

Group 3 comprised 10 patients with isolated severe head injury
resulting in death.
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