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with that from any other cause of sympathetic nervous
system discharge.

However, if catechol amines are released to any marked
degree from any other cause of sympathetic nervous
system stimulation, such as anoxia or hypercarbia, the
halothane, far from protecting the heart, will in actual
fact have sensitized the myocardium to the catechol
amines.

SUMMARY

The incidence and temperature of onset of ventricular fibrilla
tion in 132 patients having heart surgery performed using
hypothennic cardiopulmonary bypass was detennined. When
halothane was the anaesthetic used hearts tended to fibrillate
at lower temperatures than when curare and perhaps ether
was used. The non-stimulation of the sympathetic nervous
system by halothane is suggested as being the reason for this
difference.

I should like to thank Dr. J. G. Burger, Medical Super
intendent, Groote Schuur Hospital; and Dr. J. Mostert, Medi-

cal Superintendent Red Cross War Memorial Children's
Hospital, for their permission to publish this article. My
sincere thanks to Mr. G. McManus of the Department of
Surgery, the Photographic Department and Mrs. P. Strong
for clerical assistance.

REFERENCES

1. Barnard, C. N., Terblanche, J. and Ozinsky. J. (1961): S.Afr. Med. J.•
35. 107.

2. Cohen. D. and Hercus. V. (1959): Brit. Med. J., 1, 1435.
3. Terblanche, J. and Bamard. C. N. (1962): S. Air. Med. J., 36. 337.
4. Orton. R. H. and Morris. K. N. (1959): Thorax, 14, 39.
5. Stirling, G. R.. Morris, K. N.. Orton, R. H.. Boake, W. C .• Race.

D R.. Kmross, F., Thornson, J. W. and Crosby, W. (1960): Brit. J.
Anaesth., 32. 262.

6. Black, G. W., Linde, H. W., Dripps, R. D. and Price, H. L. (1959):
Ibid .. 31. 138.

7. Morrow. D. H. and Morrow, A. G. (1961): Anesthesiolo~v. 22. 537.
8. Severinghaus, J. W. and Cullen. S. C. (1958): Ibid.• 19. 165:
9. Brown, T. G. and Cotten, M. de V. (1956): Fed. Proc., IS. 405.

10. Fuhrrnan. F. A., Crisrnon, J. M., Fuhrman, G. J. and Field, 1.
(1944): J. Pharmacol. Exp. Ther.. 80, 323.

11. Berne, R. M. (1954): Circulat. Res., 2, 236.
12. Shurnacker, H. 8., Liberi. A.. Boon. R. D. and Kajikuri, H. B.

(1956): Ann. Surg., 143, 223.
13. Price, H L.. Linde, H. W., Jones, R. E. and Black, G. W. (1959):

Anesthesiology, 20, 563.
14. Price, H. L. (1957): Clln. Sci., 16. 377.

THE PROTECTIVE EFFECT OF HUMAN GASTRIC JUICE ON
EXPERIMENTALLY INDUCED ULCERATION IN THE RAT
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Deparlmenl of Surgery, University of Cape Town and Groote Schuur Hospital, Cape Town

In 1939 Brunschwig reported the presence of a substance
in the gastric juice of achlorhydric patients which, when
administered intravenously, diminishes the acidity and
reduces the volume of gastric secretion in dogsY This
substance was also found to be present in extracts of the
antral mucosa of those patients and to a lesser extent in
the gastric juice and saliva of patients with normal gastric
function.3

.'

Subsequently, other workers confirmed Brunschwig's
work and made interesting additional observations.s·13 It
was shown that the inhibiting property of gastric juice is
specific for water and hydrochloric-acid secretion, and is
unrelated to pyrexia resulting from the injection of foreign
proteins or mucinous substances.S

•
11

.
l3 Smith and others

found that this property is destroyed by boiling in an acid
medium, thus signifying that it is of protein nature.

Smith further reported that if dogs are injected bi
weekly with dialysed and Iyophilysed gastric juice they
develop atrophic gastritis within 6 weeks.9·10 The histologi
cal changes in these stomachs were found to be strikingly
similar to those which may precede gastric carcinoma, but
were at least partially reversible after cessation of
injections.

These findings led us to investigate the possibility of
utilizing this property of gastric juice in the treatment of
conditions which result from hypersecretion of the gastric
glands. Thus, a series of experiments was undertaken to
determine whether the development of experimentally
induced ulceration could be prevented.

MATERIAL AND METHODS

Gastric juice was collected on ice at the Gastro-intestinal
Clinic at Groote Schuur Hospital, immediately dialysed
against distilled water for 24 hours at soc.. and then

freeze-dried. The dry powder obtained in this way was
stored at room temperature in airtight bottles. Immediate
ly before use, the gastric juice was reconstituted in normal
saline to a concentration of 10 mg. per mL

The Shay rat preparation was used for the induction of
gastric ulceration.14 Female albino rats weighing approxi
mately 120 G. were starved for 48 hours to ensure that
their stomachs would be completely empty. Under ether
anaesthesia a midline abdominal incision was made and
the pyloric-duodenal junction was iigated, taking care not
to injure the gastric vessels or cause traction on the
stomach. The abdominal incision was then closed with
interrupted sutures. After 18 hours the rats were sacrificed.
The volume and acidity of the gastric juice was measured
and the stomach examined macroscopically for ulceration.
Using this method ulceration develops in the rumen of the
rat stomach within 18 hours, as a result of the accumula
tion of a large volume of highly acid gastric juice.

The inhibitory effect of gastric juice was tested on this
preparation as follows:

The test animals received gastric juice intraperitoneally
in 4-hourly doses of 5 mg., totalling 20 mg. of gastric juice
per rat. The control rats received 0·5 ml. of normal
saline intraperitoneally at the same times at which the test
animals were given gastric juice.

Three experiments were performed:

I. In the first experiment, 16 rats divided into two
groups were used: (a) 8 controls; and (b) 8 test rats which
were each given a total of 20 mg. of gastric juice taken
from a normal Bantu female.

2. In the second experiment, 18 rats divided into 3
groups were used: (a) 6 controls; (b) 6 which received
injections of basally secreted gastric juice taken from a
Coloured patient with gastric carcinoma; and (c) 6 which
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Fig. 2. A. Typical appearance of stomach of Shay rat preparation showing ulcerative lesions in
rumen. B. Typical appearance of inner surface OC stomach of Shay rat preparation after intra
peritoneal gastric-juice injection. Key: r = rumen, g = glandular porllon.

Fig. I. Rumen of control rat showing ulcerative lesion.
The mucosal break i characterized by a swarm of neutro
phils.

rats had developed ulceration and the gastric juice was
contaminated with blood with consequent buffering of the
acidity.

Shay found that variation exist in tis ue resistance to
the action of gastric juice in individual rats. For this
reason the severity and number of ulcers varied over a
wide range in the control rat. In spite of thi , in all the
controls ulceration could be detected macro copically
(Fig. ') \), whereas in no test animal could even the
beginnings of ulceration be found (Fig. 28). Histological
sections taken from the apex of the rumen, where ulcera
tion usually develops first, failed to reveal any lesion in
test animals.

The finding that boiling in a neutral medium ha no
effect on the property of gastric juice to inhibit gastric
secretion confirms the reports of Smith er al. and of
Menguay and Smithll

D CONCLUSIOS MMARY

A series of experiments was undertaken in order to deter
mine whether the property of human gastric juice to
inhibit the acidity and rate of gastric secretion could be
utilized in the treatment of conditions which result from
hypersecretion of the gastric glands.

In order to induce gastric ulceration the Shay rat
preparation was made on 60 female albino rats. Twenty
four rats acting as controls all developed ulceration.
Gastric ulceration was totally prevented in the remaining
rats by the intraperitoneal injection of freeze-dried human
gastric juice. This protection was effected by inhibition of

the acid and rate of
ecretion.

It can be con
cluded from this in
ve tigation that gas
tric ulceration as
exhibited in the Shay
rat preparation can
be prevented by the
intraperitoneal injec
tion of human gas
tric juice.

Wc wish to thank
Prof. J. H. Louw
of the Department of

DISCUSSION

The rat stomach is divided into two histologically different
portions. The glandular portion is anatomically and func
tionally analogous to the body of the stomach in man.
The rumen, or non-secretory part, has a smooth mucosa
covered by a thin, stratified, squamous epithelium. lt is
here that the type of ulceration described develops (Fig. I).
In the Shay rat preparation gastric ulceration develops
within 18 hours in 100% of cases. The extent of ulceration
depends on the volume of secretion and the acidity of the
juice in the obstructed stomach. In the rats that received
gastric juice intraperitoneally there was a definite decrease
in the volume of gastric secretion as compared with the
controls. Although the acidity of the gastric juice from
the test animals was well below the normal level for rat
gastric juice, a valid comparison with the acidity of the
control group could not be made, since all the control

RESULTS

I. In the first experiment the 8 rats used as controls all
developed gastric ulceration as expected. In 3 rats ulcera
tion was so severe that perforation of the gastric wall
occurred. The 8 test rats in group (b) showed no signs of
ulceration. There was a significant reduction of 35·8 % in
the volume of gastric secretion when compared with the
controls (p< ·001). The mean volume of the gastric juice
of the controls was 5·7 ml. (SO = 0·30 ml.) and that of the
test rats was 2·04 ml. (SD = 1·88 ml.).

2. In the second experiment all the control rats again
developed ulceration. There were no signs of ulceration in
groups (b) or (c). There was a noticeable reduction in the
volume of gastric juice in both test groups, but the
reduction was significantly greater in group (c) than in
group (b). This interesting observation is being investigated
further.

3. In the th:rd experiment the 10 control rats all
developed gastric ulceration. Ulceration was totally pre
vented in both groups (b) and (c).

received injections of histamine-stimulated gastric juice
taken from the same patient.

3. In the third experiment, 26 rats divided into 3 group
were used: (a) 10 controls; (b) 6 which received injections
of pooled gastric juice taken from normal European
males; and (c) 10 which received similar injections of the
same gastric juice after it had been boiled in a neutral
medium.
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SOME OBSERVATIONS ON THE METABOLISM OF 131I-ALBUMIN IN
CUSHING'S SYNDROME AND DURING ADRENOCORTICAL HORMONE

ADMINISTRATION IN MAN
R. HOFFENBERG, M.D., M.R.C.P. and E. G. BLACK, B.Sc.

Isotope Research Laboratories, Department of Medicine, University of Cape Town

In Cushing's syndrome excessive protein breakdown is
thought to account for a large part of the clinical picture.
Thus, loss of muscle power, thin skin, purple striae,
easy bruising and osteoporosis have all been attributed
to this process. In recent years albumin labelled with
1311 has been used as an indicator of stable albumin
metabolism in the body. Despite early doubts about the
validity of the technique, it has gained recognition today
as a meaningful investigation, provided that conditions
of radioactive labelling and preparation of albumin are
standardized.l-4 It must be stressed that the behaviour
of this labelled compound is taken to reflect that of
albumin in the body, and not necessarily of other protein
moieties.

SterlingS reported the results of 131I-albumin studies in
4 patients with Cushing's syndrome. He found an ac
celerated turnover-rate of albumin in the active disease;
in addition, the total exchangeable albumin pool was
decreased in comparison with normal controls. These
changes were reversed by successful therapy of the
disease. His study, then, appeared to substantiate the
concept of increased albumin breakdown in the state of
hyperadrenocorticism. But his data showed that the rate
of degradation of albumin in absolute terms (grams per
day or grams per day per square metre body surface)
did not differ significantly from normal; because the
albumin pool was smaller during the active phase of the
disease, the turnover rate, expressed as a percentage of this
pool, was higher.

We have studied 4 patients with Cushing's syndrome;
in 3, studies have been repeated after treatment. Our
method of analysis differs from that of Sterling, and our
patients were investigated at an earlier stage after therapy.
In addition, we report our findings in a case of congenital
virilizing adrenogenital syndrome studied before and after
prednisone administration. The effect of prednisone in a
patient with Paget's disease of bone is also reported.

PATIENTS

Cushing's Syndrome

(a) Mrs. W., aged 33 years, presented with a 4t-year history

of increasing obesity, weakness and tiredness, easy bruising
and oligomenorrhoea. On examination she showed obesity of
a cushingoid distribution, purple striae, multiple bruises and
hypertension. X-rays showed osteoporosis. A left-sided adrenal
adenoma was removed and recovery has been complete.

(b) R.P., an 18-year-old male, complained of marked weight
gain over the preceding 2 years. He displayed many features
of classical Cushing's syndrome, but was unusual in that he
was grossly obese. The whole of his right adrenal gland was
removed, and, 3 weeks later, 7/8 of his left adrenal gland.
Both were markedly hyperplastic. He has made a good re
covery, but requires maintenance hydrocortisone.

(c) S.W., a 30-year-old fem:l1e, presented with hypertension
of unexplained origin. She showed truncal obesity, purple
striae and a rounded, plethoric facies. At laparotomy, a left
sided adrenal adenoma was removed, and she has made an
excellent recovery.

(d) P.c., a 16-year-old male, presented with an 18-month
history of weight increase. He had clinical features of classical
Cushing's syndrome. Unilateral adrenalectomy was performed
(the adrenal weighing 12 G.), and a course of deep X-ray
therapy was given to the pituitary gland.

Follow-up studies have not yet been made.
Comment. In all 4 cases of Cushing's syndrome the

diagnosis was confirmed by the appropriate biochemical
tests (urinary excretion of 17-hydroxysteroids, plasma
cortisol level, and response to high dosage of glucocorti
coids, ACTH and metopirone). In two cases, adrenal
adenomas were found; in the remaining 2, the adrenals
were bilaterally enlarged at laparotomy. These 4 patients
were operated on by Prof. J. H. Louw, Head of the De
partment of Surgery.

2. Congenital Virilizing Adrenal Hyperplasia
(e) F.N., a 16-year-old female, was admitted because of ab

normal external genitalia which had been present since birth.
On examination, the 'phallus' was enlarged and there was a
single urogenital sinus. A 'female' nuclear pattern on buccal
cell examination and high 17-ketosteroid excretion confirmed
the diagnosis of female pseudohermaphroditism caused by con
genital virilizing adrenal hyperplasia. Prednisone treatment
diminished the level of 17-ketosteroid excretion. After several
months of treatment breasts developed and reparative plastic
surgery was later carried out by Mr. D. Davies.
3. Paget's Disease of Bone treated with Prednisone

(f) D. le R., a 52-year-old male, was admitted with neuro
logical complications of severe, generalized Paget's disease of


