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Rosenberg in patients with lymphomas in the United States may
have been partly due to an effect of vitamin D, as the normal range
for vitamin D is known to be higher in the United States than Great
Britain and ingestion ofmultivitamin preparations is fairly common
in the general population in the United States'9 and may be more
common among patients with cancer.
We cannot make any useful comment on the effect that alfa-

calcidol might have on the survival of patients from this study.
Clearly this would require longer follow up and more patients in a
randomised study. Nevertheless, if alfacalcidol could be substituted
for cytotoxic treatment as a means of controlling disease without
necessarily affecting survival this would represent a major advance
in the treatment of low grade lymphomas: the replacement of a toxic
treatment with a fairly non-toxic treatment is obviously beneficial,
and more effective treatment of transformed low grade lymphomas
might be achieved, as it has been suggested that these tumours
respond so poorly to chemotherapy partly because they acquire
resistant cell populations during exposure to chemotherapy in the
low grade state.20 Furthermore, the substitution of chemotherapy
with alfacalcidol might reduce the risk of secondary leukaemia in
patients with lymphoma because this risk is related to the duration
of treatment with alkylating agents.2'
These preliminary data suggest that the antitumour effect of

alfacalcidol is not limited to in vitro systems or animal tumour
models and that the drug may have an important role as a biological
modifier in the management of non-Hodgkin's lymphomas.

We thank Leo Laboratories Limited for financial support; Miss Deborah
Kinghorn, our secretary; and Mr Murray McKinnon for technical help.
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Treatment with danazol and plasma glucagon concentration

GARETH WILLIAMS, FIONA LOFTS, HERMANN FUESSL, STEPHEN BLOOM

Abstract

The association between treatment with danazol and hyper-
glucagonaemia was studied. Plasma glucagon concentrations
were measured during an oral glucose tolerance test in seven
women taking danazol and six healthy controls not taking
danazol. Results showed that treatment with danazol is associated
with severe hyperglucagonaemia, and in three patients glucagon
concentrations reached the range suggestive of glucagonoma.

It is important to recognise that this increasingly used drug
may cause severe hyperglucagonaemia to prevent patients treated
with danazol undergoing unnecessary investigations to localise
glucagonoma.
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Introduction

Grossly increased plasma glucagon concentrations (>50 pmol/l
(>17 4 ng/ml)) were found fortuitously in a woman receiving
danazol for premenstrual exacerbations of lupus erythematosus.
Known causes of hyperglucagonaemia were excluded. Glucagon
concentrations were found to parallel the dosage of danazol,
suggesting that hyperglucagonaemia was due to the drug. To
explore this possibility wemeasured plasma glucagon concentrations
during an oral glucose tolerance test in seven women taking danazol
and six healthy controls.

Patients, methods, and results

Seven women aged 20-45 (mean 33 9) years treated with danazol (100-600
mg/day for four to 24 weeks) for endometriosis (five patients) or mastalgia
(two patients) were randomly selected from the gynaecological outpatient
clinic. One patient was taking phenobarbitone and lorazepam for epilepsy
and another norethisterone 20 mg/day. Body weight ranged from 45-5 to
82-7 kg (mean 62-7 kg). The six control women did not differ noticeably
from the group treated with danazol in either age (range 23-40, mean 2918
years) or body weight (range 50 to 68 kg, mean 58-3 kg); one was taking an
oral contraceptive.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.291.6503.1155 on 26 O

ctober 1985. D
ow

nloaded from
 

http://www.bmj.com/


1156 BRITISH MEDICAL JOURNAL VOLUME 291 26 OCTOBER 1985

A 50 g oral glucose tolerance test was performed after an overnight fast.
Venous blood was taken immediately before ingestion of glucose and at 30,
60, 90, and 120 minutes thereafter into lithium-heparin tubes containing
aprotinin (4000 kIU/10 ml blood) and immediately centrifuged at room
temperature. Plasma glucose concentration was measured by an autoanalyser
(glucose oxidase method) and insulin and glucagon concentrations by
radioimmunoassay. One patient treated with danazol was re-examined eight
weeks after stopping treatment.

Statistical analyses were performed by the paired or unpaired Wilcoxon
test.
The figure shows the mean (SEM) changes in plasma concentrations of

glucagon, insulin, and glucose in the two groups. In the patients treated with
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Mean (SEM) changes in plasma concentrations of glucagon, insulin, and glucose in
seven women treated with danazol (0) and six control women (0). Significance of
differences between danazol and control groups (Wilcoxon's test): *p<005; **p<002;
and ***p<0.01.

Conversion: SI to traditional units-Plasma glucagon: 1 pmol/l;348 pg/ml. Plasma
insulin: I pmoL'1;0006 gg/l. Plasma glucose: 1 mmol/l= 18 mg/100 ml.

danazol plasma glucagon concentrations were significantly higher (fasting
range 7-193 pmol/l (2 4-67 4 ng/ml); >50 pmol/l (>17 4 ng/ml) in three
cases) than in the control group (fasting range 2-5 pmol/l (0-7-1 8 ng/ml)),
and the total area under the plasma glucagon curve was significantly greater

(3096 (SEM) 1487) v 112 (30) pmol/lx 120 min (1078 (518) v 39 (10-5)
ng/mlx 120 min); p<0 01). Plasma insulin concentrations, initially similar
in the two groups, were significantly higher in the danazol group after
30 minutes, and the area under the plasma insulin curve was significantly
increased (39-8 (8-9) v 15 6 (2-5) nmol/lx 120 min (231 (52) v 90 5 (14)
Ftg/lx 120 min); p<0 01). Glucose tolerance was significantly worse in the
danazol group than in the control group with significant hyperglycaemia at
60 and 90 minutes and a greater area under the glycaemic curve (910 (71) v
645 (51) mmol/lx120 min (16396 (1369) v 11622 (919) mg/100 mlx
120 min); p=0 05).
In the patient re-examined after withdrawal of danazol fasting plasma

glucagon concentration had fallen from 58 to 2 pmol/l (20 2 to 0-7 ng/ml),
and all glucagon, insulin, and glucose data were within one SD of the control
mean.

Discussion

The recognised causes of hyperglucagonaemia include glucago-
noma, renal and hepatic disease, diabetes mellitus, and pancreatitis.'
Except for B-piridylcarbinol (a rnicotinic acid derivative) drugs are
not known to cause hyperglucagonaemia.' Our results show that
treatment with danazol is associated with severe hyperglucagonaemia,
which in three of our patients reached the range suggestive of
glucagonoma (>50 pmol/l (>17 4 ng/ml)). Glucagon concentra-
tions returned to normal in one patient after withdrawal of danazol,
further suggesting a causative role of the drug.

Danazol, a synthetic derivative of ethisterone which suppresses
the release of gonadotrophin, is widely used to treat endometriosis
and mastalgia.2 It causes hyperinsulinaemia and hyperglycaemia,'
perhaps by its mild androgenic activity which could produce post-
receptor resistance to insulin.4 Hyperglucagonaemia could also
cause resistance to insulin. ' The mechanism ofhyperglucagonaemia,
not previously recognised as a side effect of treatment with danazol,
is unknown.

Gross hyperglucagonaemia was not accompanied by features of
the glucagonoma syndrome (necrolytic rash, stomatitis, and loss in
weight5) and was reversible when treatment with danazol was
withdrawn. It is important, however, to recognise that this increas-
ingly used drug may cause severe hyperglucagonaemia as patients
taking danazol may otherwise undergo unnecessary and often
highly invasive investigations designed to localise a glucagonoma.

We thank Professor Hawkins for permission to report on his patients.
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100 YEARS AGO

There appears to be especially good reason why the Police-Commissioners
should exercise to the full extent their powers for the control, and, if
necessary, the destruction, of stray dogs. A fatal case ofhydrophobia was the
subject of an inquest in Holloway last week. The deceased had been bitten a
month ago by a mongrel cur, whose owner could not be found. At
Dunstable, another animal has lately been shot, after making havoc among
sheep and dogs, and biting a boy. In a former article, we have shown why the
stray dog, as being hungrier and more weak than another, is, therefore, more
likely to be attacked by the germ of rabies. Experience also shows that the
dog that is mad wanders as if by a restless instinct; the more need, therefore,
for the control to which we have referred. Some would go further, and advise
that the mere fact of a bite infficted on the person should seal the doom of the
biting animal. This is going too far. It should be remembered

that, with the death of the dog, all proof of madness or the contrary is
obliterated, and thus the best means of reassuring the person attacked of his
safety in a case where rabies does not exist is removed. This loss of evidence
is of some consequence to nervous people. Of course, where madness, that
is, hydrophobia, is certain or where dogs have been bitten by one of their
kind known to be mad, there is no alternative but destruction. Death is then
a wise and provident measure, but the need for its infliction should in any
such case be fairly apparent. A frothy or watery mouth; a wild, bright,
bloodshot eye, and, in a late stage, more or less paralysis of the lower jaw and
hinder extremities, are among the most reliable signs of hydrophobia in
dogs. Avoidance of water is not in them so reliable a symptom as in man; on
the contrary, they often make for water, and swallow it freely. (British
MedicalJoumal 1885;ii:402.)
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