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percentile. There is no evidence that raised H.D.L. levels are
significant in relation to atherosclerosis. In 15 patients total
serum cholesterol exceeded its 95th percentile due to high
V.L.D.L.-cholesterol levels, the L.D.L. cholesterol being
normal or low.

We thank Professors J. Shillingford and J. F. Goodwin for per-
mitting us to study patients under their care. The study was sup-
ported by grants from the Medical Research Council and from
Unilever Ltd. We thank Miss A. Petrie and Mr. John Dolan for
help with statistical analyses and data processing.
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Insulin Secretion in Malignant Hyperpyrexia

M. A. DENBOROUGH, G. L. WARNE, R.F.W.MOULDS, P.TSE, F.I R. MARTIN

British Medical Journal, 1974, 3, 493-495

Summary

An increased glucose-induced insulin response has been
observed in patients susceptible to malignant hyperpyrexia.
This raises the possibility that the membrane abnormality
present in the calcium-storing membranes in the muscle
cell in malignant hyperpyrexia may be present also in the
beta cell of the pancreas.

Introduction

The syndrome of malignant hyperpyrexia is caused by a
raised level of calcium ions in the myoplasm (Britt and
Kalow, 1970; Denborough et al., 1973) which results from a
rapid increased release of calcium from the calcium-storing
membranes in the muscle cells of affected subjects, when
exposed to general anaesthetics (Moulds and Denborough,
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1974). The question arises whether other calcium-storing
membranes in the body might be involved.

The work of Malaisse et al. has suggested that the regula-
tion of insulin secretion depends on the level of calcium in
the beta cells of the pancreas (Malaisse and Malaisse-Lagae,
1970), and these workers have drawn an analogy between the
role of calcium in the release of insulin and its role in
excitation-contraction coupling in muscle (Malaisse, 1973).
This has prompted us to examine glucose-stimulated insulin
secretion in patients with the myopathy predisposing to
malignant hyperpyrexia.

Subjects and Methods

Intravenous glucose tolerance tests (G.T.T.) (glucose 0-75
g/kg body weight to a maximum of 50 g) were performed
after overnight fasting on 13 patients who were
susceptible to malignant hyperpyrexia and on 10 controls.
The patients (who included three survivors from malignant
hyperpyrexia) were identified by showing in vitro a highly
abnormal sensitivity of the calcium-storing membranes in
their muscle cells to halothane, suxamethonium, caffeine, and
potassium chloride (Moulds and Denborough, 1974). Five of
the controls were related to patients with malignant hyper-
pyrexia but their muscle gave a normal response to in-vitro
pharmacological testing and they were considered to be un-
affected by the disease; the other five were apparently healthy
volunteers.

No subject was diabetic and only one myopathic patient
was obese. All were. receiving normal diets before testing
and no one was taking other drugs. Only one subject, a
healthy volunteer, gave a family history of diabetes. The
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mean ages of the patients and the controls were comparable
(36 and 31 years respectively).

An indwelling intravenous catheter was used to collect
blood at 0, 2, 5, 10, 15, 20, 30, 40, and 60 minutes after
glucose. Blood sugar was measured on an AutoAnalyzer and
plasma insulin levels were measured by radioimmunoassay
using charcoal separation (Alford et al.,, 1971). Nine
patients and five controls also had insulin tolerance tests
(I.T.T.) after intravenous soluble insulin 0-1 unit/kg (Alford
et al., 1971).

Results

The mean plasma insulin levels were significantly higher
in the patients than in the controls at 2, 5, 10, 15, 20, 30, and
60 minutes after glucose (see fig.). The mean values for fast-
ing plasma insulin and at 40 minutes after glucose were also
higher in the affected group though the differences were not
statistically significant (see table).

250 1

Plasma insulin (uU/ml)

olL— - . —
(o] 10 20 30 40 50 60
Time (min)

Plasma insulin levels after glucose load in patients with
malignant hyperpyrexia (l) and in controls (@).
Results are shown as mean values and standard errors
of means.

When considering the area under the curve for plasma in-
sulin (see table) the value for the affected group was sig-
nificantly higher overall and for the periods of 0-10 and
10-60 minutes.

Glucose tolerance (Kg.r) was not significantly different

Summary of Calculations
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between the patients and the controls and only the obese
patient showed subnormal glucose tolerance (K., = 0-5).
There was no significant difference in insulin tolerance
between the two groups. The mean K, .. in the patients was
498 (S.D. 209) and in the controls 7-55 (S.D. 346) (t =
167, P > 0°1). In the patients insensitivity to insulin (K1)
was not significantly correlated with either a high insulin
peak (r = 0340, P > 0-1) or a large area under the curve
(r = 0329, P > 01).

Discussion

These results show that patients with the malignant hyper-
pyrexia myopathy have higher plasma levels of insulin than
normal after a glucose load. The findings that insulin toler-
ance was not significantly abnormal in the malignant hyper-
pyrexia patients and that there was no significant correla-
tion between insulin tolerance and plasma insulin levels after
glucose suggest that in these patients the raised plasma in-
sulin levels were not due to insulin resistance. One possible
explanation for the raised immunoreactive insulin levels
would be an increased secretion of an insulin-like molecule
such as proinsulin, which has less biological activity than
normal insulin, and this possibility is being examined. There
is also an increased secretion of insulin in response to a
glucose load in dystrophia myotonica (Huff et al., 1967),
which is probably also due to a muscle membrane abnor-
mality, and in these patients the insulin:proinsulin ratio is
normal (Kagan et al., 1969).

The release of calcium from the calcium-storing mem-
branes in the muscle cells in malignant hyperpyrexia is
greater than normal in response to a variety of pharmaco-
logical agents (Moulds and Denborough, 1974), and our find-
ings suggest that this membrane abnormality in malignant
hyperpyrexia may not be confined to the muscle cells but
may also be present in the beta cells of the pancreas. Malaisse
has proposed the hypothesis that the level of calcium in the
beta cell may be the single mediating factor in the secretion
of insulin caused by various agents including glucose. The
findings of this investigation are consistent with the presence
of a membrane abnormality in the beta cell in subjects who
are susceptible to malignant hyperpyrexia, so that glucose
induces a higher level of calcium in the beta cell than normal
and thus a larger secretion of insulin. The presence of cir-
culating anti-insulin factors or abnormal insulin receptor
sites, however, cannot be excluded.

R. F. W. Moulds is a postgraduate research scholar of the
National Health and Medical Research Council of Australia. We
are indebted to Miss B. Laby, of the University of Melbourne, for

Malignant Hyperpyrexia Patients Controls , Significance Level Lt
Time (Minutes) t ‘Value
n Mean Value S.D. n Mean Value S.D. 5% 1%
Plasma Insulin Levels (n.U)
1] 13 261 14-2 10 17-4 12:6 1-55 N.S. 2:22
2 13 234-1 126-4 10 130-7 89-5 2-30 * 2:21
5 13 199-2 1349 10 90-3 41-3 275 * 2:19
10 12 1515 94-7 10 68-3 28-3 2:89 * 2:21
15 10 1575 113-8 10 57-2 26-5 2:71#* 2:26
20 13 126-2 92:2 10 49-6 220 2:89* 2-19
30 13 109-4 849 10 419 213 2:74* 2:19
40 11 785 777 10 331 15-8 1-89 N.S. 1-90
60 13 69-7 67-0 10 266 151 2:24* 2:18
Avrea under Curve
0-10 13 1,856 1,003 10 427 3-08* 2:19 3-09
10-60 13 5,200 3,736 10 2,080 947 2:89* 2:19 3-07
0-60 13 7,056 4,471 10 2,983 1,268 3-13 %+ 2:19 3-07

N.S. = Not significant.
‘§§ g;ngmt at 5‘1’@; lelvelél
*sSignificant at 1% level.
tL = (Wi, + lt.l)/(wl + Wy).
W, = S;Yn, (patients); W, = S,*/n, (controls).
S, = variance (patients); S, = variance (controls).
t.'is 5% value of ¢ from tables with n,—1D.F.
tq is 5% value of ¢ from tables with n,—1D.F.
For method of calculating ¢ value see Snedecor and Cochran (1967).
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the statistical analysis. We are also grateful to the Victor Hurley
Research Fund of the Royal Melbourne Hospital for support and
to Mrs. K. Myles and Miss J. Gray for expert technical help.
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Familial Clustering of Hepatitis B Antigen: A Study in
Relatives of Patients with Liver Diseases and Hepatitis

B Antigenaemia
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British Medical Journal, 1974, 3, 495-497

Summary

Twelve of the 100 family contacts of 29 patients with
transient and persistent hepatitis B antigenaemia were found
to be positive for hepatitis B antigen (HBAg). No relation
was found between familial clustering and the nature of
liver disease or the duration of antigenaemia in the index
cases.

Eight affected relatives were apparently healthy carriers of
HBAG, one had cirrhosis, and three (in the same family)
developed acute viral hepatitis.

The absence of parenteral exposure in the HBA,-positive
family contacts and the identity in antigenic determinants
d or y with those of the index cases, suggest a non-
parenteral spread of HBAg in families of patients with
HBAg-associated liver diseases.

Introduction

Nonparenteral transmission of viral hepatitis type B has been
reported by several investigators (Krugman et al., 1967; Koff
and Isselbacher, 1968; Giles et al., 1969). Krugman and Giles
(1970) showed that long-incubation hepatitis could be trans-
mitted orally under controlled conditions, and some reports
have suggested other routes of transmission such as airborne
(Almeida et al., 1971; Garibaldi et al., 1972), venereal (Hersh
et al., 1971; Fulford et al., 1973; Heathcote and Sherlock,
1973; Jeffries et al., 1973), and transplacental (Schweitzer
et al., 1973). In most cases of hepatitis B without parenteral
exposure, however, the exact mode of transmission of the
disease cannot be determined.

The familial clustering of carriers of hepatitis B antigen
(HBAg) provides epidemiologic evidence of nonparenteral
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spread of the hepatitis virus B. Szmuness et al. (1973) and
Berris et al. (1973) have shown that the spread of hepatitis
B infections among relatives of asymptomatic blood-donor
carriers is considerable, but the incidence of familial cluster-
ing among relatives of patients with acute and chronic liver
diseases with hepatitis B antigenaemia has not yet been
assessed.

We report here the findings of a survey done to evaluate
the incidence of HBAg in family units of Spanish patients
with HBAg-positive liver diseases.

Patients and Methods

The series included 100 of the 108 household relatives of 29
patients, (index cases) with HBAg-positive liver diseases (12
acute viral hepatitis, nine chronic hepatitis, and eight
cirhosis) admitted to the liver unit of the Hospital Clinico y
Provincial, Barcelona.

Screening for HBAg was carried out by countercurrent
electrophoresis (Pesendorfer et al., 1970). Subtyping was per-
formed by two-dimensional agar gel diffusion (Prince, 1968)
using human monospecific ad and ay antiserums. These anti-
serums showed identity lines against reference antigens from
Y. Cossart, Virus Reference Laboratory, London. Trans-
aminase activity was determined by the kinetic spectrophoto-
metric method (Wroblewski and La Due, 1956).

A personal interview was held in all cases to exclude other
possible sources of exposure to the hepatitis B virus—for
example, blood transfusions, injections with a shared needle,
vaccinations, surgical or dental procedures, tattooing, or con-
tact with cases of hepatitis other than the affected relatives.

Results

Twelve of the 100 relatives investigated were found to be
antigen carriers. Clustering of HBAg occurred in nine (31%)
of the 29 families. The number of contacts in these nine
families was 39, showing a prevalence of HBAg of 31%.

No relation was found between the nature of liver disease
in the index cases and the presence of hepatitis B anti-
genaemia in the relatives (table I). The frequency of detec-
tion of HBAg varied between specific relatives of the index
cases (table II). The highest incidence was among offspring
though it was not significantly different from that found in
spouses. Non-blood relatives other than spouses did not
present HBAg in the serum.
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