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disease have such a poor prognosis that the pregnancy should be
terminated and appropriate treatment started.

Patients found to have a breast carcinoma during lactation
should have lactation suppressed by means other than stil-
boestrol and the carcinoma treated in the usual way.
While the overall survival of the subsequent pregnancy group

was not significantly worse than that of matched controls, half
of the stage II and all of the stage III patients were dead within
seven years of the start of pregnancy.

Ultimately, despite the results and conclusions of this and
other reports, treatment in this very complex situation will
have to be tailored to the individual patient. What is considered
to be the best treatment for the patient by the clinicians may
well not be accepted by the patient, and her wishes should not
be ignored.

We thank Dr M V Peters and E and S Livingstone Ltd for giving
permission to reproduce the findings of Dr Peters (figs 2 and 3). We

also thank Miss Sheila Hull for help with the statistical analysis,
Dr M P Cole for helpful advice, the medical illustration department,
and Mrs Hurst for typing the manuscript.
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For Debate . . *

Defective blood glucose counter-regulation in diabetics is a
selective form of autonomic neuropathy
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Summary

Administration of a low-dose insulin infusion to normal
subjects results in a mild drop in blood glucose concen-
tration (1 1 mmoll (20 mg/100 ml)) and the resetting of
the basal glucose at the lower concentration. Clinical
hypoglycaemia does not develop, and there is a significant
release of glucagon, growth hormone, and cortisol. A
similar infusion in insulin-requiring diabetics results in
hypoglycaemia accompanied by a release of growth
hormone and cortisol but no significant release of
glucagon. Subsequently giving arginine to these patients
results in a significant release of glucagon, indicating that
the alpha cell is intact and can respond to local, direct
stimulation. In one patient the defect in glucagon
response to impending hypoglycaemia developed after
two years' insulin treatment.
This type of dissociated response of the alpha cell has

been reported in animals after denervation of the
pancreas, and insulin-requiring diabetics may develop
a selective form of autonomic neuropathy affecting the
vagal control of glucagon release.
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Background

Some data on the mechanism of glucoregulation in hypo-
glycaemia have been gained from using the insulin tolerance
test. This test (0 1-0-6 U/kg neutral insulin by intravenous
bolus) produces a rapid, inevitable hypoglycaemia in both
normal subjects and diabetics. This evokes a standard stress
response with release of catecholamines, glucagon, cortisol,
growth hormone, and prolactin.1 The release of growth hormone
and cortisol is not essential in immediate restoration of blood
glucose after hypoglycaemia,2 although chronic deficiency of
either can cause hypoglycaemia.3 In patients under sympathetic
blockade,4 with cervical cord lesions,5 and after adrenalectomy6
the sympathoadrenal system does not affect blood glucose
restoration during insulin hypoglycaemia. In these patients the
glucagon response was also unaffected by the sympathoadrenal
system.

Other conflicting data suggest that catecholamines do con-
tribute to restoration of blood glucose during hypoglycaemia,7
although their major role probably lies in mobilising alternate
substrate for energy production.9 In mild hypoglycaemia, how-
ever, the blood glucose concentration is restored without
adrenaline release.10 Thus the release of glucagon is the most
essential means of hypoglycaemia counter-regulation. There is
evidence from studies of the effects of vagotomy1' and atro-
pine12 13 that an intact vagus is necessary for release of glucagon
to offset impending hypoglycaemia. This is consistent with the
reports of parasympathetic innervation of the oc-cell14 15 and of
the efficacy of acetylcholine in the direct stimulation of glucagon
release.'6 17 A low blood glucose has been shown to be a direct
stimulus to the oc-cell in vitro when the glucose concentration
in the medium is very low1' 19; this response can be suppressed
by the presence of non-esterified fatty acid concentrations a
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little above normal.20 Thus the vagal stimulated release of
glucagon is the more important counter-regulatory response to
impending hypoglycaemia in normal man.
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Evidence

We designed our studies to assess counter-regulation in a
more physiological manner than is possible using the insulin
tolerance test. Figure 1 shows the responses that we reported2'
in fourteen controls and seven insulin-requiring diabetics during
low-dose insulin infusion. The normal group consisted of 12
men and 2 women with a mean age of 22+ SE 1 year. There
were four men and three women in the diabetic group (mean
age of 44+6). None of the diabetic patients had classic auto-
nomic neuropathy-that is, postural hypotension, impotence,
bowel or bladder disturbances, hypoglycaemic unawareness, or
sweating disturbance. Their known duration of diabetes was
from four to 16 years. Three had retinopathy and peripheral
neuropathy. All but one had had insulin treatment.

All studies started at 0800 and the diabetics had received
their last routine subcutaneous insulin injection at least 24 hours
beforehand. The insulin rate of 2-4 U/h was chosen because the
mean circulating insulin concentration produced in the controls
(40 ptU/ml) was within the physiological range. Samples for
plasma cortisol, growth hormone, and glucagon were usually
collected at 20-minute intervals during the studies. The radio-
immunoassay of glucagon was performed using Bloom's C-
terminal reacting antibody and a charcoal separation technique.

In the controls, after an initial fall, there was a plateau in
blood glucose concentration at 2-8±0 2 mmol 1 (50±3 mg/
100 ml). The counter-regulatory response prevented clinical
hypoglycaemia, thus preventing a non-specific "stress response"
that could mask the more physiological changes of counter-
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FIG 1-Mean blood glucose levels and glucagon increments
in seven diabetic and 14 controls during intravenous in-

fusion of neutral insulin 2-4 U/h.
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FIG 2-Blood glucose and plasma glucagon responses to low-
dose infusion in two studies at a two-year interval.

regulation. As discussed earlier, with a small decrease in blood
glucose catecholamine release is unlikely to be of major import-
ance in glucoregulation, and the vagal release of glucagon is
essential. The glucagon increment accompanying the plateau in
blood glucose in the controls (135±54 ng/l) is shown in fig 1.

In contrast, in the diabetic group, the blood glucose concen-
tration continued to fall during insulin infusion, and, as no rise
in glucagon occurred, all became hypoglycaemic (sweating,
tachycardia, and subjective symptoms) at a mean blood glucose
concentration of 2±0 3 mmol/l (36+5 mg/100 ml). The incre-
ments in plasma cortisol at the end of the infusion did not differ
significantly at the end of the infusion in the two groups
(controls: 193 +83 nmol/l; diabetics: 166± 55 nmol/l, P> 0 05).
Similarly, there was no significant difference between the growth
hormone increments at the end of the infusion (controls:
28+ 8 mU/l; diabetics: 10 + 3 mU/l, P> 0 05).
As the vagal release of glucagon was absent in these patients,

we also measured their glucagon response to direct stimulation
of the a-cell by an infusion of arginine monochloride (0 25 gm/kg
over 20 minutes). The diabetics had a peak glucagon response
(183+38 ng/l) significantly greater than the controls (105±26
ng/l) as has been reported in other series.22 The loss of the
normal glucagon response to hypoglycaemia with the main-
tenance of glucagon release during direct stimulation by
arginine has also been reported in sheep after denervation of the
pancreas by autotransplantation. Thus, insulin-requiring
diabetics may develop a selective autonomic neuropathy,
affecting vagal release of glucagon, despite the absence of overt
autonomic neuropathy. Islet transplantation in man would
result in a similar glucagon unresponsiveness to hypoglycaemia
because of the lack of innervation of the donor tissue.

Other groups reporting the absent glucagon response in
diabetics during the insulin tolerance test concluded that it was
due to an intrinsic x-cell defect of diabetes.24 2.5 We dispute this,
as the defect is not invariable in insulin-requiring diabetics26 27
and one patient acquired it during the first two years of insulin
treatment. He was a 22-year-old man and had had known

. . . . . .
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diabetes mellitus for two years when first tested. On both occa-
sions there was no neuropathy or retinopathy. On the first occa-
sion the blood glucose concentration fell until a sustained rise
in glucagon occurred and there was a plateau in blood glucose
(fig 2). On the second occasion the blood glucose concentration
fell until the patient became hypoglycaemic and no sustained rise
in glucagon occurred (fig 2). Nevertheless, the glucagon
response to arginine infusion was maintained (peak increment=
185 ng/l). This suggests that the impairment in glucose-
regulation is acquired after the onset of diabetes mellitus. The
development of a defect in the x-cell glucoreceptor would not
explain the loss of glucagon response which, in these cases,
depends on autonomic control by a glucoreceptor in the central
nervous system.
A recent study on diabetic patients with and without gross

clinical autonomic neuropathy is consistent with our hypo-
thesis. 6 All "neuropathic" patients showed hypoglycaemic
unresponsiveness of glucagon. In a group of eight "non-
neuropathic" patients, however, three also had the same defects
in glucagon release as the neuropathic. Also the non-neuro-
pathic group had, as a whole, a significantly lower glucagon
response to hypoglycaemia than the controls (P <0 05). They
had had diabetes for a mean of eight years compared with 16
years in those with gross neuropathy. Thus we believe the non-
neuropathic group contained three patients with selective
neuropathy affecting glucagon release. In another study2
diabetics with defective glucagon release during the insulin
tolerance test received adrenaline infusions in the belief that
unresponsiveness of the x-cell to catecholamines could be
responsible for the defect. On the contrary, the diabetics'
glucagon response was significantly greater (P <0 005) than that
of the controls (half of whom did not respond). This type of
response would be consistent with denervation sensitivity2 8
suggesting that pancreatic sympathetic denervation may also
be present. This study also reported the same urinary adrenaline
excretion in these diabetics as in controls over two hours during
the insulin tolerance test. Nevertheless, as the diabetics were
hypoglycaemic for a much longer time than the controls a
prolonged inadequate adrenaline release may still have occurred.
Plasma catecholamine measurements will resolve the question
of adequacy of catecholamine release in the diabetics with im-
paired glucagon release and their role in the counter-regulatory
defect.
Thus we suggest that selective defects of autonomic neuro-

pathy may occur more often and at an earlier stage in diabetes

than the classical syndrome of autonomic neuropathy previously
described. This is already recognised in the cardiovascular
system2 ' and in the eye. 3' We propose that glucagon un-
responsiveness to impending hypoglycaemia is another such
defect and the accompanying failure of the glucoregulation is its
clinical manifestation.
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What was "sweatinlg sickniess" in mediaeval times ?

The sweating disease of the "English sweats" was the name given to a
series of epidemics that first appeared in England in 1485 and dis-
appeared equally suddenly after 1551. The disease attacked particularly
the upper classes and had a high mortality. Outbreaks also occurred on
the Continent. Opinions are divided as to what it was but the general
consensus is that it was a form of influenza. John Caius published
A Boke or Counseill agaitnst the Sweate or Szveatying Sicknesse.

Is there any danger for men working in scrap metal yards from handling
lead, where the only process apart from the handling is cropping-cutting
lead with sharp shears intto small sections for hanidling ?

Handling clean metallic lead in scrap metal yards should not cause
any problem as dust is unlikely to arise. Nevertheless, the surface
coating of oxide even from clean lead may get on the hands, so that
workmen must wash before eating. Most scrap lead, however, tends
to be dirty and have a coating of oxide or other compounds of lead
depending on what chemicals it may have been in contact with. In
such cases the handling may well raise a dust, which may be absorbed
in toxic amounts. Battery scrap consists of lead grids that have been
filled with a lead oxide paste. It is notoriously dusty, and for this
reason many scrap merchants avoid handling it. Dampening of this

scrap is essential for safe handling and good housekeeping is necessary
to prevent toxic effects. Cutting lead into small sections with sharp
shears should not produce any hazards unless the lead is old and dirty,
when the risks described above could create a problem.

Are the red smoke emissions from a steelworks hazardous ?

Red smoke emissions from a steelworks consist mainly of iron oxide
with a small proportion of calcium compounds and negligible traces
of other metallic oxides. Iron oxide is an inert dust, and the threshold
limit value (TLV), which is the time-weighted average concentration
for a normal eight-hour work day or a 40-hour work week to which
nearly all workers may be repeatedly exposed day after day without
adverse effect, is 10 mg/mr.t In the neighbourhood of a steelworks
dilution of the emissions is such that exposure levels will be only a
small fraction of the TLV. There is, therefore, no health hazard,
though the particulate iron oxide may prove a nuisance, especially
to people living in the area of deposition. A special study in and
around two integrated steelworks in South Wales confirmed the
absence of a health hazard.2 3

lHealth and Safety Executive, Threshold Limit Values for 1976, guidance note
EH15/76, London, HMSO.

2 Warner, C G, et al, Annals of Occupational Hygiene, 1969, 12, 151.
Lowe, C R, et al, British J7ournal of Industrial Medicine, 1970, 17, 121.
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