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3-4fL, which is the same size as Gonyaulax ca/enella,6 but
with the equipment available it was impossible to identify
them exactly. Permanent slides were therefore made.

'After the mussels had been in filtered sea water for 6 days,
6 were chosen for testing. By the method described by
Dack' two extracts were made from these mussels. One
was made from the digestive glands and was brown in colour,
the other, from the gills, was cream coloured. The e extracts
were tested by injecting them into the dorsal lymph spaces
of 20-g. toads (Bufo reglllaris).

'With the digestive gland extract it was found that 0·25
ml. caused paralysis of leg reflexes within 11 minutes and
respiratory paralysis within 15 minutes. No effect was
produced with 0·1 m!., while O' 5 ml. caused complete
paralysis and death within 7 minutes. An injection of O' 5
ml. of the control gill extract produced no effect whatever.

'Interpreting these results in accordance with Sapeika's
statements8 that 10 times as much toxin is required to kill a
frog as a mouse, and that I mouse unit is the quantity of
toxin in 1 ml. of neutral solution required to kill a 20-g.
mouse within 15 minutes, we can conclude that this extract
has a toxicity well above 4,000 m.u. per 100 g. of mussel,
which is considered significant by the American workers.!'

DISCUSSION

It is 10 years since an outbreak of paralytic mussel poisoning
occurred at Blaauwberg Strand, near Cape Town', 9. From
the enquiries we have made, it appears not to have been
experienced before in Natal, although mussels have always
been a popular food.

Three other types of mussel poisoning have been described,
namely, various allergic reactions, gastro~nteritis from eating
mussels that are not fresh, and occasionally typhoid fever
from mussels infected by sewage. However, death from these
ilInesses is uncommon. It is a significant fact that both now
and in 1948, when paralytic poisoning has been encountered,
deaths have occurred. The alkaloid which causes paralytic
mussel poisoning accumulates in the digestive glands of the
mussels, which are themselves unaffected by its presence.
It is water-soluble and heat-stable in acid or neutral solution,
but is rendered inert when boiled in an alkaline solution.
Sapeika8 has shown that in addition to a central and neuro
toxic action there is a depressant action on the myocardium
and its conducting tissues.

The symptoms and signs in our cases are similar to those
described previously. The cause of death is respiratory
paralysis, and this probably occurred in the girl. The patho-

logy of thi condition 'has not b::en adequately tudied, and
it is unfortunate that no autop y was possible in our fatal
case.

There is no known antidote to paralytic poi oning and
accordingly the only measures which can be taken are
preventive. There is no way of telling whether mu sels
contain the toxin, as it occurs in healthy fresh specimens.
The only warning is the redness of the sea when the dino
flagellates abound. It is recommended therefore that all
mussels for human consumption should be b~iled in water
containing bicarbonate of soda,' in order to destroy the
toxin which may be present. It should also be noted that
since plankton floats on the surface, any other filter-feeding
invertebrates such as sea-lice and rock oysters (Os/rea
cuclIlata) which, like mussels, live between the tide levels,
can accumulate this toxin. 10

Symptoms occur soon after eating affected mussels and
therefore an immediate stomach wash-out in suspected cases
is imperative. Once paralysis is present the danger of res
piratory failure has to be anticipated and the necessary
apparatus for artificial respiration held ready, Pressor drugs
such as ephedrine have been shown, experimentally, to
combat myocardial depression.8

SUMMARY

An account is given of paralytic mussel poisoning in a atal
Zulu family, with the death of a child.

A dinoflagellate was recovered from the mussels, and from
their digestive glands a potent neurotoxin was extracted.

The potential danger of eating fresh healthy mussels is
stressed. This danger may be obviated by boiling them in a
solution of sodium bicarbonate.

We are grateful to the Medical Superintendent, Dr. S. Di ler,
for permission to publish this paper, Dr. H. L. Wallace for his
critical advice, Dr. S. Goldberg for hi assistance and Dr. J.
Kelman Drummond, Dr. . R. Pooler, and Dr. N. MacE. Lamont
for access to cases under their care.
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THE EFFECT OF VARIOUS DIETARY FACTORS ON THE SERUM-CHOLESTEROL LEVEL AND 0
THE FAECAL FAT CONTENT*

H. GORDON. B.Se., M.B., CH.B., J. WILKENS, B.Se. (Ho S.) A D J. F. BROCK, M.D., F.R.C.P.
From rhe C.S./.R./U.C.T. Clinical Nllrrition Research Unit, Department of Medicine, Universi/y of Cape Town; and the Groote

. Schuur Hospital

A. The effec/ ofsome non-lipid dietary factors on the serum-cholesterol
level
Carbohydrate. Two subjects were studied. Initially a 2,500

calorie, almost fat-free diet was administered; then supplements
of sucrose were added to increase the caloric intake to 3,500 daily

• Abstract of paper presented at a meeting of Research Forum,
University of Cape Town, held at Groote Schuur Hospital, Cape
Town, on 7 May 1958.

for 30 days and to 4,000 daily for a further 25 day. Moderate
increases in the serum-cholesterol level occurred only during
periods of rapid gain in weight. When saturated fats were sub
stituted for sucrose at the same or at lower caloric level, there
were prompt and substantial increases in the serum-cholesterol
level. These observations are consi tent with the theory that the
serum-cholesterol level rises when there is an increase in the fat
transport load, e.g. at the time of rapid gain in weight, when there
is increased lipogenesis from carbohydrate.
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2. Protein. Three subjects were tudied. Iso-caloric diets were
maintained throughout the experimental period and the intake of
protein was varied by feeding with different quantities of maize
meal or skimmed-milk protein. Provided that the fat consumption
wa con tant, changing the daily protein intake from 34 g. to
6 g. did not alter the erum-cholesterol level. When milk fat wa
i ocalorically substituted for carbohydrate at these protein level,
the erum-cholesterollevel ro e promptly and substantially.

3. Cellulose. The effects of diets containing different quantities
of crude fibre were studied in hort-term experiments on 3 subject.
The diets were constant throughout the experiments with regard
to calories, protein and quantity and quality of fat. [n 2 ubject,
changing the daily con umption of crude fibre from 6· I g. to
14·5 g. by increasing the intake of maize meal did not affect the
faecal fat content or the erum-cholesterol level. In a 3rd ubject,
the dietary fibre wa increased to 24· 5 g. daily by the addition of
coarsely milled, hexane-extracted sunflower- eed hull ; this highly
artificial fibre load produced a slight increa e in the faecal fat
content and a light fall in the erum-cholesterol level.
B. Studies to determine the origin of the faecal fat

In 11 subjects studied on basal diets very low in fat (6' 5 g. to
8·6 g. daily) for an average of 13 days each, the mean daily faecal
fat content ranged from O' g. to 5·4 g with a mean of 2·25 g.
(S.D. 1'12). This fat is presumably derived from a combination of
ynthesis by inte tinal bacteria, desquamation of intestinal mucosal

cells, and excretion via the biliary sy tern or through the intestinal
wall. There was no correlation between the faecal fat content and
the dietary fibre intake, the latter varying among the subjects
from I· g. to 6·8 g. daily. In the 2 subject described above,
increa ing the dietary calorie from 2,500 to 4,000 did not mate
rially influence the faecal fat content. [n 15 subjects, the addition
of saturated or unsaturated fat to the basal diet always produced
an increase in the faecal fat content; in general, the greater the
dietary load of fat, the g>eater was the faecal fat content. To
determine whether this increase in faecal fat content was due to
unabsorbed dietary fat or to increased excretion of body fat. a
series of experiments was conducted in 5 subjects with intra
venouslyadmini tered emul ions of cottonseed oil (Lipomul f.V.-

pjohn). When the intravenous fat wa admini tered in tead of
dietary fat, the faecal fat content fell towards ba al levels; when it

was administered in addition to the dietary fat, there was no further
increa e in the faecal fat content. These observations are consistent
with the hypothesis that with ordinary diets the faecal fat is
derived from unabsorbed dietary fat and not from active excretion
of body fat. It was noted that in all these subjects the admini 
tration of intravenous cottonseed oil produced a decrease in the
erum-choJesterol level, but when the emulsifying agents alone

(oybean phosphatide and pluronic F68) were administered,
without the cottonseed oil, the erum-cholesterol level always
rose. Thi apparently is an example in man of the phenomenon
described in experimental animals of 'cholesterol trapping' in the
blood stream by emulsifying agents.
C. Studies to determine the cholesterol-decreasing factor in certain

ulIsalllratedfats
The following preliminary observation were reported:
1. The unsaponifiable fractions of pilchard oil and sunflower

seed oil failed to reproduce the cholesterol-decreasing effect of
the fatty-acid fractions of the whole oil when eaten by 3 subjects.

2. In a series of individual experiments in the metabolism
ward and in a group experiment on 30 men in an institution,
natural and hydrogenated oils were compared. The hydrogenating
of maa banker oil so as to reduce its iodine value from 170 to 70,
peanut oil from 9 to 55, and sunflower seed oil from 135 to 74,
aboli hed cholesterol-decreasing action of these fats. There did
not, however, appear to be a linear relationship between the iodine
value of the fat and its effect on the serum-cholesterol level.

3. To test further the effect of altering the iodine value, a series
of experiments was devised in which hens' eggs were 'unsaturated'
o as to increase the iodine value from 72 to 100. This was done by

feeding a flock of Black Australorp hens with a diet rich in sun
flower seeds. Ten yolks daily of 'unsaturated' eggs and 'control'
eggs were eaten by 2 subjects for 10 days; no difference was noted
in their cholesterogenic effect. As ha previously been shown, this
effect of the 'unsaturated' eggs was not due to their cholesterol
content and it was again shown that this effect could be abolished
by frying the eggs in sunflower-seed oil.

Our resu Its thus far do not upport the theory that the action of
all dietary fats on the serum-cholesterol level is determined simply
by their degree of saturation. Further investigations are in progress
in order to characterize more precisely the active factor or factors.

I MEMORIAM

DR. JACK GREE 'STEIN, M.D. (HONS.). B.CH., L.R.C.P. & S.
(Eo1 .), L.R.F.P.S. (GlAS.)

Dr. J. S. Zidel, J(lhannesburg, writes: Dr. Jack Greenstein died
in Johannesburg on Ea ter Monday, 7 April 1958. He wa only
57 years old.

Jack Greenstein commenced his medical education at the
University of the Witwatersrand, and thereafter continued at
Edinburgh University, where he qualified in 1925. After qualifying

he et up practice in
Lichtenberg, in the Western
Transvaal, where he built up
an extensive practice, with a
reputation far beyond the
borders of the district, and
contributed a great deal to
cultural life.

In 1938. he went to England
and studied at the Briti h
Po tgraduate School of
Medicine in Hammersmith,
where he undertook extensive
investigations into the in
cidence and causation of
thrombosis and pulmonary
emboli m. He returned to
Johannesburg after the out
break of war. and accepted
an appointment as District

D r. Jack Greenstein Surgeon and Lecturer in
Foren ic edicine at the

Univer ity of the Witwatersrand. Thi enabled him, with
the permission and encouragement of the then Head of the

Department, Professor Mcfntosh, to continue his investigations
into circulatory disease. He did a great deal of valuable work
and published several papers on his researches, among them
'Thrombus Formation in the First Part of the Aorta and Coronary
Embolism-its Medico-Legal Aspect', and 'Comparative Causes
of Sudden Death in the European and Bantu'.

1n 1945 he returned to Britain for further study, and was awarded
his M.D. with Honours at Edinburgh University for a thesis
based on his earlier studies, 'Deep Vein Thrombosis and its
Relation to Pulmonary Embolism'. After Britain he spent a year
in the United States, pursuing his studies in cardio-vascular
disease at the Mayo Clinic, the Mount Sinai Hospital, and other
well-known institutions, where he developed a special interest
in phonocardiography.

On his return to South Africa he joined the staff of the newly
established cardiac and peripheral vascular clinics at the Johan
nesburg Hospital, where he applied his knowledge of phono
cardiography and recorded a survey of 1,500 cases. In 1946 he
commenced practice as a consulting physician in Johannesburg.

Dr. Greenstein was Senior Physician to the Discoverers' Hospital
on the West Rand, and on the staff of the Cardiac and Peripheral
Vascular Clinics of the Johannesburg General Hospital.

Jack Greenstein was an indefatigable worker, a shrewd ob
server, and a clear thinker. He was a man of very wide interests,
particularly in literature and music. He was a warm, genial and
lovable personality, a desirable friend, and a wise, painstaking
an.d thorough physician. His opinions were based on deep wisdom
and under tanding in addition to wide reading and the critical
evaluation of new sources of knowledge. He practised in the
pirit of the saying, 'Man is born to live not for himself but for

others'.
I, personally, in the role of patient, have muc!:l cause to be


