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dose of 0·25 clinical units/kg body-weight and these are
compared with 7 control subjects in whom the secretin was
omitted, i.e. the basal collections were continued for 60
minutes. In the control subjects, basal acid output fluctua
ted at the lO-minute intervals and only 1 patient had a
reduction to achlorhydric level at the 50 - 60-minute col
lection. In the 5 subjects who received secretin a reduction
in acid output was recorded in all cases. A comparison
between the control group and the subjects who were
given 0·25 units/kg pure natural secretin and 4 units/kg
of Boots secretin is shown in Table I. Most of the patients
who received either secretin preparations showed a reduc
tion in acid output, not infrequently to the level of basal
anacidity. The reduction was more rapid after injecting
pure natural secretin (Table 1) and both secretin prepara
tions appeared to reduce acid concentration more than the
volume output.

TABLE I. EFFECT OF BOOTS AND PURE NATURAL
SECRETIN ON BASAL ACID SECRETION

Basal add output

No. Achlor- Onset of re-
Subjects tested Reduced hydria duction (min)

Controls 7 2 1 20-60
Boots secretin

4 units/kg 4 3 2 20
Pure natural secretin

0·25 units/kg 5 5 4 10

Eight similar tests carried out with I unit/kg pancreozy
min-cholecystokinin (CCK) and 4 units/kg Boots pancreo
zymin showed varying results. A moderate increase in acid
output occurred in 2 patients with basal achlorhydria be
fore the injection; a reduction in acid output occurred in
3 patients with initial acid secretion and the results were
virtually unchanged in the remaining 2. All the effects
were modest.

DISCUSSION

This study has confirmed the findings of Wormsley' that
secretin is an inhibitor of basal gastric acid secretion in
man. Further, secretin was able to reduce acid secretion
to achlorhydric levels in patients with relatively low initial
basal secretion and pure natural secretin was a more effec
tive inhibitor than Boots secretin when doses of equal
potency, as judged by their effect on pancreatic secretion,
were administered. Although studies on the effect of secre
tin on stimulated gastric secretion were not carried out, it
has been shown that secretin is a weak inhibitor of gastrin
or pentagastrin-stimulated secretion in man' and has a
lesser effect on histamine-stimulated secretion. Johnson
and Grossman' have shown that secretin acts as a non
competitive inhibitor of gastritn in dogs. Whether secretin
production accounts for the whole inhibitory phase of
gastric acid secretion after duodenal acidification' or after
free fatty acids in the duodenum is uncertain but it is
possible that secretin is in fact the only true enterogastrone.

We have been unable to confirm previous work by other
authors that pancreozymin stimulates gastric acid secre
tion.' However, Wormsley' used much larger doses of
pancreozymin which were not truly physiological. The
present study suggests that pancreozymin has a variable
and minor effect on gastric acid secretion, producing slight
stimulation in some patients, mild inhibition in others and
no effect in the majority of cases. Brooks and Grossman'
found that pancreozymin (CCK) inhibited the pentagas
trin-stimulated acid secretion by a mean value of 33% but
even their individual results were variable. There was little
difference between the Boots preparation and CCK in their
relative effects on the basal acid secretion.
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SUMMARY
A brief history of the development of methods of organ
storage with special emphasis on liver storage is present
ed. The current status of experimental liver storage is
reviewed, emphasizing that hypothermia is at present the
principal protective factor in all successful methods of

liver storage.

S. Afr. Med. J., 45, 1160 (1971).

The need for whole-organ preservation has become in
cre.asingly important, particularly with extension of human
transplantation to single organs. The extreme sensitivity of
the liver to anoxia makes it one of the more difficult organs
to store.

Any method of storage is designed to either reduce the
metabolic demands by the organ, or increase its metabolic
supply; and most investigators who are currently storing
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organs in vicro, are using one or more of the following
modalities: hypothermia, hyperbaria, metabolic inhibitors
and continuous or intermittent perfusion.

mSTORY

Hypothermia

John Hunter was probably the first to use hypothermia
for purposes of tissue storage. In 1766' he froze 2 carp
in ordinary river water in an attempt to keep fish 'alive' in
a frozen state. Hunter thought that such an experiment
could provide a stepping-stone to the prolongation of life.
Fuhrman and Field' demonstrated that the physiologi
cal basis for its use was an exponential fall in oxygen up
take by the tissue associated with a fall in the core tem
perature. Subzero temperatures should theoretically provide
the optimum reduction in metabolism, but the biological
effects incurred during freezing' preclude successful whole
organ preservation at temperatures below O°e.

Hyperbaria

The mode of action of hyperbaric oxygen in extending
in vitro preservation beyond that achieved with hypo
thermia alone has not been defined. Bloch et at: showed
that oxygen, under given conditions of temperature, can
diffuse passively into heart muscle, but doubt has been
expressed whether oxygen, under the same conditions, can
pass through Glisson's capsule iR the liver" or the renal
capsule.· An alternate explanation to its mode of action is
the inhibition of oxidation by virtue of its toxic effect on
cell metabolism,'" although Lyons et at" feel that it is
unlikely that oxygen poisoning occurs during the period of
in vitro storage. Preservation with inert gases under
hyperbaric conditions has shown that hyperbaric helium
and nitrogen"lO are comparable to hyperbaric oxygen in
heart and kidney preservation. Hence hyperbaria may exert
its beneficial effect not by meeting the nutritional require
ments of the organ nor by further inhibiting oxidative
metabolism, but by preventing tissue oedema during hypo
thermic storage."

Pharmacological Metabolic Inhibition

A reversible drug-induced inhibition of metabolism
should prolong tolerance to ischaemic injury in the same
way as hypothermia, but with the advantage that drugs
could be administered before the moment of death with
the hope of protecting the organ not only after death, but
principally during agonal deterioration and before other
organ-preserving measures can be instituted. Numerous
pharmacological agents have been described which have
either a cell-stabilizing action or a general inhibitory effect
on cellular metabolism. These include steroids,1.2 magne
sium," phenoxybenzamineH and phenothiazines.'" It is clear,
however, that no drug yet described is dramatically useful

by itself, and that such agents may be useful in combina
tion with more effective methods to enhance the quality
of the preserved organ.

Perfusion

In 1812 Le Gallois'· expressed his belief in the feasibility
of artificially maintaining an organ indefinitely by sub
stituting the -heart with a perfusion system. A century later,
Hooker took the concept of perfusion to its ultimate re
finement by introducing a system which could both aerate
the blood and pump it at a variable pulse pressure through
an organ with a vascular pedicle. With the current surge
of interest in organ transplantation, and the success
achieved in perfusion storage of kidneys, both experimen
tally and clinicallY,"·l9 perfusion storage of the liver as a
method of preservation preceding transplantation is cur
rently being extensively investigated.'o,,,

Continuous perfusion should ideally fulfil the same
purpose as the circulation of blood through the body,
namely the continuous and adequate supply of oxygen
and nutrients and the continuous removal of carbon
dioxide and other end-products of metabolism. The factors
which determine successful perfusion were set down by
Carrel and Lindbergh." They more than adequately des
cribe the technical and mechanical problems involved in
an artificially produced perfusion system. Numerous tes~

have been described to assess liver function in the isolated
state. However, the only true test of successful storage is
the ability of the organ to support life in a hepatectomized
animal.

PRESENT STATUS OF SUCCESSFUL
EXPERIMENTAL LIVER STORAGE

Hepatic hypothermia produced by the introduction of cold
electrolyte solution into the portal vein will preserve the
function of a canine liver for 2 hours." Using a preserving
solution of homologous plasma with added bicarbonate
and dextrose, this period can be extended to 3,5 hours.'"
Recently, we reported successful hypothermic immersion
storage for up to 8 hours in the pig.'o Nine of 10 animals
survived longer than 5 days; the longest-surviving animal
is still alive 350 days after the transplant.

The addition of hyperbaric oxygen to hypothermic
storage of the liver has not been well studied. Brettschneider
et at." preserved 3 canine livers for 24 hours at 4°C and
40 psig. Two recipients failed to survive the operation and
a third died before the 4th postoperative day. When
perfusion with diluted blood via the portal vein and hepatic
artery was added to this system canine livers could be
preserved for 8 - 9-!- hours with good early function.

Belzer et al.," using perfusion without hyperbaric' oxygen,
successfully stored pig livers for 8 - 10 hours and con
cluded that damage to the endothelium of the liver
sinusoids when perfusing beyond this period precluded a
successful result.
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The experimental data serve to confirm that hypothermia
is at present the principal protective factor in all currently
successful methods of liver storage. Its use is simple and
the result is comparable to that obtained with complicated
techniques. It should furthermore provide a more practical
application in the procurement and short-term preservation
of liver grafts for clinical hepatic transplantation. The
addition of hyperbaria, pharmacological agents and even
perfusion may prolong the period of preservation by a few
hours, but will not provide the answer to long-term storage
of the liver.

The experimental work referred to was supported in the
University of Cape Town by the Medical Research Council,
the C. L. Hennan Bequest and the Cape Provincial Admini
stration.
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SUMMARY

A series of patients suffering from hepatitis and jaundice
were studied in order to ascertain whether the ASO
titre would assist in early diagnosis of these diseases,
and whether it would help in the differentiation of the
various types of hepatitis.

5. Afr. Med. J., 45, 1162 (1971).

At present there is no simple single investigation that is
specific for the diagnosis of viral hepatitis. The discovery
of the Australia antigen (hepatitis-associated antigen) was

heralded as the answer to this problem; however, with time
it has been shown that the Australia antigen is not present
in a considerable percentage of patients with viral hepa
titis.'" Concensus of opinion now favours that it is only
present in patients with serum hepatitis and then in only
about 40% - 600\, of patients depending on the stage of the
illness, frequency of testing and technique applied.'" Also,
the Australia antigen may not be specific for viral hepati
tis as it also detected in patients with chronic aggressive
hepatit!s and hepatoma of the liver.'-'

The German and Swedish workers have reported that
the antistreptolysin titre (ASO titre) was elevated in acute


