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GLUCAGON
Soon after the discovery of insulin it was noted that
certain extracts of the pancreas might induce a rise
rather than a fall in the level of blood sugar when
injected intravenously into animals. The name
glucagon was applied to this hyperglycaemic factor
of the pancreas as early as 1923.1 Since then many
commercial preparations of insulin have been shown
to contain this factor, especially American prepara-
tions. British and Danish preparations are crystal-
lized by a different method and are free of hyper-
glycaemic activity.2

Glucagon can be extracted from the pancreas of
various mammals,3 4 6 8 including man,7 and also
from the gastric and duodenal mucosa3 4 8 and from
the abdominal lymphatics and spleen.8 A similar
substance has been isolated by some workers fromn
the urine of normal human beings,9 from diabetic
patients, and from the urine and blood of animals
made diabetic with alloxan," though others have not
confirmed this.7 Glucagon appears to be an endo-
crine secretion of the pancreas. It is not found in
the external secretion3 and can still be recovered in
normal amounts after ligation of the pancreatic
duct' ' and after destruction of the a-cells of the islets
by alloxan.' 4 6 This suggests that it may be secreted
by the a-cells. The suggestion is supported by the
occasional occurrence of familial hypoglycaemia in
infants with otherwise normal endocrine and hepatic
functions, in whom no a-cells can be found and in
whom there is no hyperplasia or adenoma of the ,B-
cells." Conversely, hyperplasia of the a-cells is found
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in a strain of mice with hereditary obesity and
hyperglycaemia.'2 Conclusive proof of the origin of
glucagon from the a-cells is, however, still lacking.
Treatment with cobaltous chloride damages or de-
stroys a-cells but reduces the glucagon content of the
pancreas only partially"3 or not at all.8 14 Synthalin A
is said to destroy a-cell function more completely and
to lead to hypoglycaemia.'7

Glucagon is a polypeptide, similar to insulin in its
physical properties but differing in its amino-acid con-
tent.18 It has recently been crystallized.'9 Its primary
action is to stimulate phosphorylase activity in the
liver, thus increasing glycogenolysis and leading to
hyperglycaemia.' There are several reasons for
regarding the liver as the primary site of action of
glucagon. Glycogenolytic activity can be demon-
strated in liver slices.3 The effect of glucagon in vivo
is greater when it is injected directly into the portal
circulation than after intravenous injection.20 After
intravenous injection of glucagon in man the glucose
content of the hepatic vein is raised more abruptly
than the peripheral venous content.2' The effect of
glucagon is enhanced when the liver glycogen content
is high16 and is depressed when this is reduced in
animals by a prolonged fast4 6 or in man by hepatic
cirrhosis.2" The hormone is without effect in animals
after removal of the liver.4 6 22 The action of
glucagon is impaired in the presence of diabetic
ketosis in animals, again probably as the result of
reduced glycogen in the liver.24 In man, labile
diabetics are inclined to show less response to intra-
venous glucagon than obese diabetics or normal
people,25 26 but this is not invariably So.5
The precise role of glucagon in the regulation of

carbohydrate metabolism and in the pathogenesis of
diabetes mellitus is not fully understood. It is not
antagonistic to insulin, in the sense that it does not
inhibit the peripheral utilization of glucose27; rather,
the two hormones seem to act in synergism. Per-
fusion experiments on the pancreas28 and experiments
involving anastomosis between the pancreatic circu-
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lation of one animal and the systemic circulation of
another24 suggest that the secretion of both hormones
is regulated by the blood-sugar level and that their
activity is reciprocal. Secretion of glucagon is stimu-
lated by hypoglycaemia and secretion of insulin by
hyperglycaemia. Irregular oscillations in the fasting
lvel of blood sugar have been observed in man and
in the dog. The venous level falls as the arterial level
rises and vice versa, suggesting that the fluctuations
are related to the supply and utilization of glucose.
The fluctuations are abolished by eviscerating the
animal, thus depriving it of all sources of glucagon,
and are restored by injecting glucagon, but they are
unaffected by abolishing adrenal medullary activity
with ergotamine and by removing the adrenal
glands.29 It has been suggested that the main func-
tion of glucagon is to make the liver glycogen stores
available for insulin activity at the periphery, but if
insulin is absent or is present in relatively low concen-
trations glucagon may actually promote deposition of
glycogen in the liver, since its effect upon phosphoryl-
ase activity is reversed in the presence of high concen-
trations of glucose.6 There is also evidence that
glucagon may be concerned in the satiety mechanism,
since gastric motility and hunger sensations can be
depressed by intravenous administration in man.30
The diabetic state resulting from total pancreat-

ectomy in man or in animals is less severe and
requires smaller, doses of insulin than severe
spontaneous diabetes mellitus or diabetes due to
alloxan.3' 32 Moreover, dogs from which 90 to 95%
of the pancreas has been removed require more
insulin than those subjected to total pancreatectomy.33
Again, spontaneous diabetes in man and alloxan
diabetes in animals improve after total pancreat-
ectomy, and sensitivity to insulin increases.34 These
phenomena suggest that the secretion of glucagon by
the a-cells persists in the pancreas of human diabetics
and of animals with alloxan diabetes, and that the
removal of this hyperglycaemic influence explains the
benefit which results from subsequent removal of the
pancreas. Whether glucagon is important in the
pathogenesis of diabetes mellitus is quite another
matter. Only when given by intravenous infusion
does it enhance the glycosuria of animals subjected to

partial pancreatectomy, and even then the effect is
transient.23 Even high doses of glucagon given over

a long period do not induce diabetes mellituis.36
Finally, there is no significant difference in the
glucagon content of the human pancreas at necropsy
as between diabetic and non-diabetic subjects.7
The relationship of glucagon to pituitary growth

hormone is pertinent to its possible role in diabetes

mellitus. The administration of growth hormone has
been shown to liberate glucagon into the portal blood
in animals24 3 and to produce a transient hyper-
glycaemia in man.38 The hyperglycaemic substance
found in the urine of normal animals disappears after
hypophysectomy.9 There is also evidence that the
a-cells are influenced by the growth hormone. They
diminish in number and size, at least temporarily,
after removal of the hypophysis, while the 8-cells are
unaffected,32 and in mice with hereditary obesity and
hyperglycaemia the hyperplasia of the a-cells is
abolished by the same procedure. 12 a-Cells pre-
dominate over a-colls in the embryo; the proportions
are equal in the newborn, and with advancing child-
hood the ratio of a-cells to s-cells gradually falls,
reaching 1:4 by the end of the growth period. In
human diabetics a-cells predominate, especially in
childhood, but the disproportion is not as great as in
diabetes due to alloxan in animals, and the propor-
tion of a-cells varies from case to case and does not
parallel the severity of the diabetes nor the require-
ments of insulin.32 Though administered growth
hormone is undoubtedly concentrated in the islets (as
shown by isotope experiments),39 and though it un-
doubtedly induces islet hyperplasia, the specific effects
upon the a-cells are much less predictable and vary
considerably according to the species of animal
studied and the staining technique used.'3

There is some evidence that glucagon plays a part
in lipid metabolism. Different workers disagree
about its effects on ketosis. Some say that it inhibits
ketosis,40 others that it has no influence.6 36 Still
others believe that the pancreas contains two factors,
one of which increases ketosis, while the other inhibits
it.24 Glucagon also depresses the synthesis of fatty
acids and promotes their oxidation, as shown by the
rate. of incorporation of labelled acetate.4' Destruc-
tion of the a-cells by cobaltous chloride in rabbits
leads to hypercholesterolaemia.42 Glucagon has been
shown to restore the serum lipids to normal after pan-
createctomy in animals, but these results may have
been due to contamination by insulin.6 Possibly such
effects as glucagon has on lipid metabolism are purely
secondary to those exerted on carbohydrate meta-
bolism.3

Undoubtedly there is good evidence that glucagon
is a second hormone of the pancreas. It is probably
secreted by the a-cells of the pancreatic islets, and
it may be under the control of the growth hormone..
Glucagon appears to be one of the factors concerned
in the regulation of the level of blood sugar both in
health and in the diabetic state, but its role would
seem to be no more than a subsidiary one.

AUG. 4, 1956 289

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.2.4987.288 on 4 A
ugust 1956. D

ow
nloaded from

 

http://www.bmj.com/

