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triglyceride synthesis and inhibits lipolysis in adipose tissue
and restricts the flow of free fatty acids to the liver, where
they may be oxidized and converted to ketone bodies. In ad-
diion to its peripheral action insulin also has a central effect
in regulating gluconeogenesis, suppressing the activity of
several hepatic enzymes.2 In states of insulin deficiency, such
as fasting and diabetes mellitus, these enzymes are activated.

It would seem from this that most if not all of the bio-
chemical features of diabetes can be accounted for simply by
a deficiency of insulin. What, if any, is the role of glucagon
in the regulation of these pathways? This is a question that
has been asked repeatedly, but it is only recently that
sufficient data have been available to begin to piece together
this jig-saw puzzle and make a coherent picture.
In addition to the molypeptide hormone glucagon produced

by the alpha cells of the islets of Langerhans, there is in the
circulation at least one structurally and immunologically
similar hormone arising from the mucosa of the small in-
testine, enteroglucagon, whose biological role remains even
less clear than that of pancreatic glucagon itself.

Pancreatic glucagon (ihenceforth referred to as glucagon)
has biological actions that, at least in man, tend to oppose
those of insulin. Undoubtedly the most -potent of these is one
leading to the breakdown of hepatic glycogen to glucose.
This action is brought about by the stimulation of hepatic
adenyl cyclase, leading to the formation of 3'-5' cyclic
AMP, which subsequently activates the enzyme phosphory-
lase and inhibits glycogen synthetase. A sudden rise of glu-
cagon in the portal veins results in the immediate mobiliza-
tion of hepatic stores of glycogen and a rapid rise of blood
glucose.
The elegant studies of S. R. Bloom and colleagues3 have

shown that in a variety of stressful conditions the secretion
of glucagon may be stimulated by the sympathetic nervous
system. This response and the subsequent hyperglycaemia
are probably an integral part of the "flight or fight" mech-
anism. Under these conditions this secretion of insulin is in-
hibited by the sympathetic activity and glycogen stores are
rapidly depleted. In this role glucagon acts along with the
catecholamines in the metabolic responses to threatenin
situations and is clearly acting as a "stress hormone".4 What
is the relationship between this and diabetes?
A recent paper by W. A. Miller and colleagues5 has con-

firmed the previous observations of R. Assan and colleagues6
that patients in diabetic coma frequently have very high con-
centrations of glucagon in the plasma. They studied a group
of 26 patients admitted with acutely uncontrolled diabetes
mellitus, many of whom had ketoacidosis. The initial con-
centration of plasma glucagon was raised in most of the
patients and it suibsequently fell to normal levels with
successful treatment of t-heir hyperglycaemia. Though the
initial plasma glucagon was strikingly raised in only a few
of the diabetic patients, there were interesting direct corre-
lations between the plasma concentrations of glucagon and
some of the clinical indices of the severity of the ketoacido-
sis-namely, initial blood glucose concentration, respiratory
rate, and the nuniber of hours of treatment required until
plasma acetone was negative at a 1: 2 dilution in two
minutes on crushed Acetest tablets. The authors conclude
that the raised glucagon levels may "adversely influence the
disease." By this they mean that the presence of increased
secretion of glucagon might exaggerate certain of the meta-
bolic consequences of insulin deficiency. It is likely that gly-
cogenolysis and gluconeogenesis will be stimulated but the
evidence that these modest rises of plasma glucagon will

stimulate lipolysis and aggravate ketoacidosis is less good.
TIhough a lipolytic action of glucagon can be demonstrated
in vitro, the concentrations of glucagon required are much
greater than those present in vivo, and the careful studies of
A. Cherrington and his co-workers7 have clearly shown that
concentrations of glucagon that lead to hyperglycaemia in
the dog do not affect plasma concentrations of free fatty
acids.
What then is the meaning of the findings of Miiller and

colleagues? The evidence suggests that the raised levels of
glucagon reported in diabetic ketoacidosis may reflect a
humoral response either to some predisposing cause of the
condition or to the metabolic stress itself. Additional studies
from R. H. Unger's laboratory8 clarify rhe situation further.
These workers found raised concentrations of plasma glu-
cagon in a group of non-diabetic patients with acute bac-
terial infections. Plasma glucagon averaged 409 pg/ml in a
group of six patients with severe infections, strikingly similar
to the mean of 390 pg/ml reported for the group with
dialbetic ketoacidosis and approximately five times higher
than fasting values in healthy persons. Infection is known to
be one of the commonest predispsing factors to the de-
velopment of ketoacidosis in otherwise well controlled dia-
betics, and it seems reasonable to conclude that in the
presence of a fixed input of insulin (such as oocurs in most
ketosis-prone diabetics) stress-induced hyperglucagonaemia
will contribute to a deterioration in the diabetic control.
Irrespective of whether or not the glucagon responses are
primary or secondary, the message is clear. The development
of an infection in an insulin-treated diabetic patient is an in-
dication for increasing the dose of insulin (or for providing
temporary insulin treatment for patients just maintained in
balance on diet with or without oral agents). In this way life-
threatening ketoacidosis should be avoidable in many
patients.
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Ascorbic Acid and Common
Colds
Many people believe that fresh fruit and vegetables or vita-
min C are good for colds, while others believe in garlic or
alcohol, but the use of ascorbic acid in large doses has been
ardently promoted by Professor Linus Pauling,' twice a
Nobel prize winner (chemistry 1954, peace 1962). He argues
that primitive man and his anthropoid ape relatives, such as
the gorilla, which eats barrow loads of leaves, consume far
more ascorbic acid than we do, and that, though the mini-
mum daily requirements, perhaps 50 mg a day, are sufficient
to prevent gross disease such as scurvy, higher daily intakes
will increase health further. He has pointed things to say too
about the high cost of small amounts of ascor.bic acid sold
over the counter. Many people are taking substantial
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amounts of ascorbic acid. Others are unconvinced and are
still asking questions: Does it do any good? Is it worth it?
Can it do harm?
At present it is not possible to give a decisive answer.

Pauling, who recently put forward his case again,2 relies for
evidence largely on a study3 lasting one week in a ski camp
in Switzerland in children who received either 1 g of ascor-
bic acid or a placebo. In those on ascorbic acid the incidence
of colds was apparently almost halved. He discounts earlier
negative studies because small amounts of vitamin were used,
though small amounts when added to the diet of children
in an institution had a clear effect on some respiratory tract
infections, probably mainly bacterial.4 He also discounts a
study in volunteers at the Common Cold Research Unit,
Salisbury, in which volunteers were given 3 g of ascorbic
acid or placebo daily and then given one of five known vir-
uses.5 The overall results in both the treated and control
subjects showed exactly the same frequency of symptoms,
duration, and severity of disease, and frequency of virus
shedding and antibody response. It has been suggested that
the results of the virus challenge in these experiments may
not be typical of wha-t happens in natunal expoaures, yet the
viruses themselves were typical, the dose of vitamin was very
close to that advocated by Pauling, and it was administered
before the virus infection began. Nevertheless, as Pauling
points out, the vitamin could really reduce the incidence of
colds to a small extent, and the exact equality between the
grmups could be a matter of chance.
To take us furtier in this debate two things are needed.

Since ascorbic acid has no effect on the viruses involved,5
tbe first is some sort of rational basis for the treatment. The
second is a properly devised field trial of efficacy. Recent
publications help in both these respects. A detailed study
from Glasgow6 on a small number of persons indicates that
leucocyte ascorbic acid (usually regarded as more significant
tban serum ascorbic acid) falls from about 20 1kg/108 leuco-
cytes to about 10 ig/108 leucocytes at the time of onset of
a cold and rises again slowly to normal levels on the fifth
day. The concentrations of ascorbic acid were raised by tak-
ing from 0-2 to 10 g daily, and the dip in ascorbic acid levels
during a cold was largely flattened out by taking 6 g daily.
The dip was reduced but not prevented by taking 0-2 g daily.
A preliminary communication from Ireland7 indicates that
tbere too a change in ascorbic acid metabolism has been de-
tected during colds by comparing the plasma and leucocyte
levels of ascorbic acid after an oral dose of this vitamin. It
is diffiult to tell exactly what this change is since the paper
gives only the results of statistical analysis and no data on
the blood concentrations of ascorbic acid or the nunmer of
subjects. However, the leucocytes apparently took up ascor-
bic acid normally in vitro. In these studies some school chil-

dren were given ascorbic acid supplements of 0 2 to 0(5 g
daily and recorded any colds they had. It appears that in
scme groups there was an increase in the number of colds
in those given ascorbic acid, though the authors draw atten-
tion to an apparently significant decrease in the occurence of
the catarrhal type of cold in girls. Occasional differences of
low statistical significance may, however, be random
occurrences because many comparisons were made.8

Another epidemiological study9 of ascorbic acid and colds
has been performed in Toronto. This was carried out on
about 1,000 students and care was taken to match the ap-
pearance and taste of the placebo, and to check the compara-
;bility of the groups. The students were given 1 g of ascor-
bic acid a day and took 4 g a day when they thought a cold
was coming on. The results are clear-cut. Illness character-
ized by running nose or sore throat occurred with equal
frequency in both treated and placebo groups. However, the
illnesses in the treated group seemed to be accompanied by
less constitutional upset, so that these students were away
from work for fewer days than the controls. The differences
were statistically significant and were seen when the sub-
jects were subdivided, for example, by sex or by the amount
of vitamin C they took in the form of juice. They were also
seen in students suffering from acute gastroenteritis. This
study therefore suggests that vitamin C does not prevent
cold-s but that it has the desiralble effect of reducing the con-
stitutional upset they cause.

If the Toronto results are confirmed, i-t is necessary to
determine what dosage of vitamin C is best. At present
there is no rational basis for the dose, and -too lite is known
about the possible harmful effects of taling too much. R.
Hume and E. Weyers6 mention mild gastrointestinal upsets
on large doses, and recently it has been pointed out that
there is a tendency to develop scurvy on coming off pro-
longed high dosage of ascobic acid,'0 probably as a result
of an enhanced ability to metabolize the vitamin. In this
type of disease it is easy to obtain spurious results, so a fur-
ther trial or two of the type done in Toronto but on a
different group of people would be worthwhile. We ought
to find out for certain whefter ascorbic acid is a vitamin
against the illness of virus infections.
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