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Regular Review

Somatostatin

S R BLOOM, J M POLAK

Somatostatin, a peptide, was isolated first from the hypo-
thalamus of the pig and shown to inhibit the release ofgrowth
hormone from the pituitary.' It contained 14 amino acids
bridged by a sulphur sulphur bond, and other mammalian
somatostatins were later shown to have identical amino acid
sequences; indeed, somatostatin like peptides from early
vertebrates are also closely similar.23 This suggests that
spontaneous mutations, which are common over millions of
years, have always proved fatal, and implies that this peptide
is important in vertebrate physiology.

A widespread peptide
Somatostatin was identified first as a product of specific

hypothalamic neurones4 but was later shown to be the
secretary product of the b cell of the islets of Langerhans.'
Considerable quantities of somatostatin were also extracted
from the gut6; most of it was synthesised in a mucosal
endocrine cell found in highest density in the antrum,5
although a little was produced in a particular type ofneurone
in the myenteric and submucous neural plexus.7 Nerve fibres
that produce somatostatin have now been found in the
genitourinary system, heart, eye, thyroid, thymus, and
skin.8 They are also common in the central nervous system.9

Actions of somatostatin
As well as inhibiting the release of growth hormone

somatostatin was soon found to inhibit the release of insulin
and glucagon from the pancreas'0-'3 and of gastrin from the
stomach.'4 There is now a long list of regulatory peptides
whose release is inhibited by somatostatin, leading to the
nickname "endocrine cyanide."'5"'7 This is not quite fair,
however, as the release of many peptides-for example,
luteinising hormone and follicle stimulating hormone-is
not physiologically affected.

Somatostatin not only inhibits peptide hormone release
but also often inhibits the target tissue. Thus somatostatin
blocks the release of gastrin and, independently, secretion of
gastric acid.'4 These inhibitory effects are powerful-for
example, in man somatostatin can prevent the release of
insulin in response to every known stimulus, rendering the
patient a temporary insulin dependent diabetic.

Specific receptors for somatostatin are easily identified
in many sites'7-28 but the intracellular mechanism of action
is unknown. It may have to do with regulating calcium
flux, suppressing production of intracellular cyclic
adenosine monophosphate, and stimulating potassium
permeability.29"32
The physiological jobs of this ubiquitous and powerful

inhibitory peptide clearly vary from tissue to tissue and are
highly diverse. It circulates in the blood and rises after a
meal.33"3 Infusing exogenous somatostatin to mimic this rise
reduces insulin and gastric acid secretion by about a third.37-39
Depletion of somatostatin by the agent cysteamine causes
peptic ulcers and high acid secretion."4'3 Somatostatin is
found in hypothalamic-pituitary portal plasma in sufficient
concentrations to inhibit powerfully growth hormone release
from the pituitary."45 Intracerebroventricular injection of
somatostatin inhibits adrenocorticotrophin secretion and
adrenal adrenaline output and prevents hyperglycaemia in
response to certain stimuli.6" Somatostatin also appears to
play a part in the sensory nervous system.49-54

Importance in disease

Is somatostatin important in human disease? Cortical
concentrations of somatostatin are dramatically reduced in
Alzheimer's disease,55-58 but the cause and consequence of
this reduction are unknown.

Somatostatin is secreted by certain endocrine tumours
(somatostatinomas), including medullary carcinoma of the
thyroid, small cell carcinoma of the lung, and pancreatic
endocrine tumours.59` A somatostatinoma syndrome has
been described comprising weight loss, malabsorption,
diabetes, gall stones, and hypochlorhydria. Yet despite the
widespread and dramatic effects ofsomatostatin the tumours
present late and are large. This is presumably because
concentrations of somatostatin have been rising slowly for
years (as these tumours are usually slow growing), leading to
adaptive changes and diminished clinical consequences.

Speculation that deficiency of gastric somatostatin may
cause peptic ulcer and deficiency of pancreatic somatostatin
may cause hypoglycaemic syndromes lacks biochemical
proof.

Disappointing therapeutic effects
The therapeutic use of somatostatin has been restricted by

its half life in the circulation being only a few minutes and by
its not being absorbed orally. Scientists in drug companies
have, however, produced long acting peptides,6768 and the
Sandoz octapeptide analogue, octreotide (SMS 201-995,
Sandostatin), has been widely tested clinically.

Somatostatin reduces coeliac axis blood flow6974 and
inhibits gastric acid secretion and has therefore been given to
patients to stop upper gastrointestinal bleeding.""8' The
initial reports were good but have not been confirmed, and
the long acting analogue is of doubtful usefulness in treating
either bleeding peptic ulcer or bleeding varices.

Several aspects ofdiabetes mellitus appear to be potentially
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treatable with somatostatin. Diabetic retinopathy is arrested
when growth hormone is removed by pituitary ablation,82 but
unfortunately complete inhibition of growth hormone
secretion is required and seems not to be possible with
reasonable doses of the somatostatin analogue (E M Kohner,
personal communication).
The insulin dependent diabetic often has considerable

swings in plasma glucose concentration throughout the day
and a steady rise during the night with highest concentrations
just before the morning insulin.8384 These swings and the
overnight rise may be caused partly by "counterregulatory
hormones"-that is, growth hormone and glucagon-and
their suppression might therefore have improved diabetic
control. Somatostatin and the long acting analogue do,
indeed, suppress growth hormone and glucagon and thereby
reduce daily insulin requirements appreciably, but they do
not seem to improve the glucose swings."8 Even the long
acting analogue given last thing at night would probably not
be sufficiently active in the early morning to prevent the
release of growth hormone completely; yet it does increase
the incidence of insulin induced hypoglycaemia in the early
night.

It was hoped that in the obese patient with mild maturity
onset diabetes, who has good insulin secretion but ap-
preciable insulin resistance, somatostatin or its analogues,
which also delay carbohydrate absorption from the gut,89
might improve insulin sensitivity more than they inhibit
its release. It appears a close run thing as the Sandoz
somatostatin analogue does not cause much deterioration in
glucose tolerance despite considerable inhibition of insulin
secretion. But overall there is no improvement.'

Dramatic results with tumours

Finally, this "endocrine cyanide" might be used to inhibit
hormone production by tumours-and this has proved
dramatically successful. Patients with metastatic vasoactive
intestinal polypeptide tumours (vipomas) terminally ill
from uncontk -Alable diarrhoea (due to excessive intestinal
secretions caused by the vasoactive intestinal peptide) were
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rescued from death.9"' Although the injection is transiently
uncomfortable, patients can give themselves the new
somatostatin analogue subcutaneously. The treatment has no
important side effects, and patients can return to work. As
well as inhibiting hormone output somatostatin probably
inhibits secretion directly.93 These tumours are naturally
slow growing, and growth may be temporarily halted by the
treatment.9"4

Diarrhoea caused by the carcinoid syndrome and
glucagonomas has also been treated successfully with
somatostatin.'0'03 Other tumour syndromes-for example,
the hypoglycaemia associated with malignant insulinomaW 105
-are sometimes responsive to somatostatin, and since the
treatment is harmless (providing a low starting dose is used)
it is always worth considering.

Pituitary tumours associated with acromegaly are usually
large and resistant to surgical or radiation treatment in up to
half the cases. The patients have appreciable morbidity, and
the mortality is roughly doubled in untreated patients."3 The
only effective medical treatment has been bromocriptine,
which usually fails to reduce growth hormone release
sufficiently. In contrast, the somatostatin analogue octreo-
tide is both effective and well tolerated.'07-"2 Headache is
dramatically reduced, suggesting a mechanism independent
of the inhibition of growth hormone."3 Glucose tolerance
does not usually deteriorate appreciably, and the mild
steatorrhoea produced causes few problems. Octreotide is
resistant to enzymic degradation, even by gastrointestinal
juices, and was therefore tested orally and found to be
active."4 115 Improved formulations are being produced, and
the drug will now probably be available orally.
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