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none of the consequences of leaving the ductus unclosed.
The cases of patent ductus arteriosus with associated lesions
are very different, and the latter will determine the prog-
nosis and the management. This is the group which present
principally in infancy, the mortality is much higher, and
surgical treatment may be a matter of urgency.
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Nobel Prize
The history of biological research is punctuated by dis-
coveries whose implications have changed the course of
medical scientific thought. Such events as the discovery
of insulin and the unravelling of the intricacies of protein
structure have had far-reaching consequences. Into this
category falls the work of Earl Sutherland, professor of
physiology at the Vanderbilt University School of Medicine,
Nashville, Tennessee, whose award of the 1971 Nobel prize
for physiology or medicine was announced last week.

In the 1940s Sutherland began a series of experiments
on the mechanism by which adrenaline and glucagon stimu-
lated the conversion of glycogen to glucose in the liver.
He found that these hormones increased the amount of
an enzyme, phosphorylase, within the liver, by an indirect
and complicated mechanism. Up to 1956 he was able
to show this function of adrenaline only in intact liver
cells. But in 1957 T. W. Rall, E. W. Sutherland, and
J. Berthet' showed that these hormones could activate
the enzyme in a cell-free system-namely, a liver homo-
genate. Further work by Sutherland and his colleagues
showed that merely by centrifuging the liver homogenate
it was possible to deplete the system of the enzyme
activity under study, and addition of the hormones to
the supernatant portion produced after centrifugation failed
to reactivate it. However, when the hormones were added
to the cellular debris of centrifugation they stimulated the
formation of a heat-stable factor that did activate the
enzymes. This factor was isolated and later identified by
the Nashville workers as adenosine 3', 5'-monophosphate,
better known as cyclic AMP. Cyclic AMP is formed

from adenosine triphosphate (ATP) by an enzyme, adenyl
cyclase, which occurs in cell membranes.

After this discovery Sutherland went on to formulate a
concept that has won increasing recognition over the years
-namely, that cyclic AMP is an essential link in the
mode of action of many, if not most, hormones and
many drugs. According to his ideas hormones (or first
messengers) travel from their tissue of origin to their
target organ, where by changing the intracellular concen-
tration of a second messenger-namely, cyclic AMP-
changes specific to the first messenger are produced in
the tissues. Among hormones whose action is probably
mediated by cyclic AMP are catecholamines (affecting both
glucose and fat metabolism), glucagon, ACTH, vasopressin,
follicle-stimulating hormone, parathyroid hormone, calci-
tonin, insulin, prostaglandins, and several others. At least
a dozen hormones either raise the intracellular cyclic AMP
concentration or lower it, and one mechanism whereby
hormone antagonism may occur is by exerting opposite
effects on cyclic AMP. Drugs whose action depends on
the adenyl-cyclase/cyclic-AMP system include beta stimu-
lants such as isoprenaline and beta blockers such as
propranolol. Others drugs such as caffeine and theophylline
slow the rate of destruction of cyclic AMP and thus
may potentiate hormonal action.
The precise molecular mode of action of cyclic AMP

is only partly unravelled, but its overall role in the control
of many physiological processes is now clear. Its relation
to disease in man remains to be explored. Since many
hormones act through this messenger, it is reasonable to
suppose that diseases characterized by hormone overactivity
may be associated with increased tissue levels of cyclic
AMP and that states of deficiency of hormones would be
associated with low tissue levels. Urinary levels of cyclic
AMP in patients with parathyroid disease in fact follow
this pattern. The fascinating problem of tumours with
functional hormonal effects may represent another facet
of the cyclic AMP story, and perhaps congenital deficiencies
of hormones are due to malfunction of the second messenger
system.
The biological implications of Sutherland's work are im-

mense. So far they have largely involved physiologists,
biochemists, and pharmocologists, but it is clear that the
ripples are fast spreading to the frontiers of clinical medicine
and human disease.
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