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INTRODUCTION,

Haemosiderosis, the deposition of
haemosiderin in various organs of the body ’

e.g. liver, spleen, lymph glands and kidneys,
may be the result of processes associated
with anaemia or may be one feature of the
condition known under the name of haemochro-
matosis.. |

Haemosiderin is a brownish or yellowish
brown gigment of granular character contain-
ing "free iron", as can readily be demonstrat-
ed by its reaction with reagents like the com-
bination of potassium ferrocyanide and hydrochloric
acid.

As its name indicates, this pigment, at least
under the majority of pathological conditions, is
derived from the iron-containing mdety of the
haemoglobin of the erythrocytes. Neumann,
quoted by Wells (/'), maintains that haemo-~
siderin is formed only under the influence
of living cells and in the presence of oxygen:
but Brown, also quoted by Wells , has shown
that haemosiderin may be formed in the liver
during autolysis of that organ, especially if

air be present.




A pigment, indistinguishable from hae-
mosiderin, can also be formed during auto-
lysis, from the iron-containing protein of‘
cells, quite independent of haemoglobin.
Milner, quoted by Wells (/'), states that
during autolysis yet another iron-contain-
ing pigment may be formed, which differs
from haemosiderin in having the iron so
combined that 1t cannot react with the usual
reagents, and that that pigment may later
change into haemosiderin, This observation
may be of importance in relationship to haemo-
chromatosis and the pigment haemofuscin.

Haemochromatosis was the name given by
von Recklinghausen to a condition, in which
the organs and tissues throughout the body
afe infiltrated with two pigments, one iron-
containing identical with haemosiderin, the
other, known as haemofuscin which he described
to be non-iron-containing. Subsequent work
to which reference will be made later, would
seem to indicate that haemofuscin also contains
iron, though in masked form and that this pigment
may ultimately be converted into haemosiderin,
particularly in certain organs and more especially

in the liver.

Shaw Dunn/



Shaw Dunn, in opening the discussion
on haemochromatosis which took place at
the eighty-ninth annual meeting of the
British Medical Association, and which is
reported in the British Medical Journel,
1921, vol, ii., does not mention haemofuscin
as an essential characteristic of the con-
dition.

The descriptionvhe gives is as follows.

"A peculiar morbid condition, charac-
terised by the accumulation of free
iron-containing plgment in certain
parenchymatous organs and in the
skin, associated with interstitial
fivrosis of the liver and pancreas;
in a certain number of cases gly-
cosuria develops.

The skin especlally of the exposed
parts of the body exhibits a brown-
ish or greyish brown pigmentation.

The liver 1s more or less cirrhotic
but 1s usually not much if at all
diminished 1n size.

The liver has a peculiar rusty colour
which may be fairly homogeneous or

may be paler in small rounded nodules,
which represent hyperplastic liver
tissue., When tested for the presence
of free iron in a mixture of potassium
ferrocyanide and hydrochloric acid, the
liver gives an intense Prussian blue
reaction.,

The pancreas shows, a rusty colour
similar to that of the liver, though
less marked, and also gives an intense
reaction for free 1iron.




The retro-peritoneal lymphatic glands
~ in the upper part of the abdomen are
more intensely rusty in colour than
?/ iy the liver and are laden with iron
pigment.
Most of the other organs although they
may not be obviously pigmented, give
the iron reaction on testing.
Spleen reacts intensely, the heart,
lungs, stomach and thyroid may show a
fairly deep colouration; the kidneys
usually react rather faintly as do the
intestines and the skin.
In cases where the bone marrow is examin-
ed, it is usually observed that there 1is
no special overgrowth of the red marrow,
the condition belng in marked contrast
with that observed in pernicilous anaemia
and other haemolytic conditions in which
free iron is deposited in the viscera.,"
In a series of autopsies, carried out at the
General Hospital, Johannesburg, several cases,
occurring in natives, presented a pilcture close-
ly resembling that given above, but naturally
the pigmentation of the skin was masked by its
normal colour; 1in advanced cases however, pigmen-
tation of the palate and of the mucous membrane
of the mouth was observed, thevpigment giving
the lron reaction.
This has been reported in European cases
also ( 2-).
In addition to these cases in which the
picture was complete a considerable number of

others showed gross rusty pigmentation of liver,
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spleen and upper retro-peritoneal lymph glands,
without the generalised deposit in the other
organs such as pancreas, heart, thyroid glend,
supra-renal glands, stomach and skin,

The Incidence of this haemosiderosis was so
striking and relatively so common that a
routine examination for haemosiderin was made
in almost every native autopsy. This was done
even when there was no obvious sign macroscopically
of iron pigmentation.

The method adopted for testing was that 1Indl-
cated by Shaw Dunn as mentloned above = a mixture
of potassium ferrocyanide and hydrochloric acid
(equal quantities of 4% solutions); this was used
only in the cold, as heat gives usually a more
intense reaction from the liberation of loosely
combined iron.

As autolysis might have been considered to
play a part in the productlon of the free iron,
tests were carried out on Europeans as well as
Natives and note taken as to the periods which
elapsed between the time of death and the time
of autopsy; from the results obtained it was
obvious that post-mortem autolysis d4id not play
a part in the production of the haemosiderosis.

The reaction when obtalned as the result of

autolysis/



autolysis, differs from that found in true
haemosiderosis; the latter gives a sharply
defined Prussian blue reaction while the
former gives a discrete diffuse greenish
colouration.

Bacterla of certain types are also said
to play a part in the production of haemo-~
siderosis, but an investigation into the
bacterial flora of livers obtained post -
mortem showed such inconstancy and variability
in the results that this line of investigation
was considered of little value in any attempt
to elucidate the condition.

In appendix 1 the results of the investil-
gation into the incidence of haemosiderosis
in natives, are tabulated and also the cause
of death in each case.

The results for Europeans are not tabulated
as the number of positive cases 1s relatively
scanty; a few cases of haemochromatosls among
Europeans will be mentioned when the discﬁssion

of that condition is undertaken,

In the literaturey which is available in
Johammesburg, no reference was found to the
occurrence of haemochromatosis in natives,

yet as 1s seen in appendix i, the tendency to

the development of this condition may be

considered/



considered very marked.

Some explanation of this phenomernm has
been sought in the hope that light might be
thrown on the etiology of the condition,

Investigations have been made along several
different lines. One of the first to suggest
itself was that of diet. The diet of the
natlve differs considerably from that of the
European, both in type and in mode of prepara-
tion,

The details of the diet and their importancs
are discussed in Section III,

Another line of investigation concerned the
fragility of the erythrocytes, Roque,Chalier
and Nove! Josseraud (3.) in France and Howard
and Stevens (4.) in America report excessive
fragility of the red blood corpuscles in their
cases of haemochromatosis., These reports in-
dicated that an investigation into the resistance
of the erythrocytes to hypotonlic saline might
prove of value.

A series of tests was carried out on two
hundred natives, presumably normal, or at least
not suffering from any serious disability which
might invalidate the test. The method adopted
in this investigation is described and the results,
which are shown in appendix (ii) are discussed in
Section IV,

Though Shaw Dunn and others lay little emphasis
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on the occurrence of haemofuscin as an essen~

- tilal feature of haemochromatosis, Mallory s
insists on 1its importance. = He gives as his
interpretation of the sequence of events, that
the pigment haemofusclin, originally named and
described by von Recklinghausen in 1889, is
first deposited in the endothelium lining the
sinusolds and in the parenchymatous cells of

the liver and that subsequently 1t is changed

to haemosiderin by a slow process of transforma-
tion involving months or years; the other features
of the disease occur shbsequent_to this,

The interpretation impllies pigmentation of
the liver before cirrhosis,

The results obtained and recorded in appendix
(1) showed that pigmentation without obvious
cirrhosis was not uncommon amongst natives. In
the light of this, 1t seemed advisable towards
the end of the whole investigation to carry out
a series of examinations on consecutive cases for
the presence of haemofuscin in the 1liver.

The results of these examinations are tabulated
in appendix 11i end are discussed in Section ii.

Experimentally pigment cirrhosis and conditions

resembling haemochromatosis have been produced in

animals/



s
animels by chronic copper poisoning () (8)

and by injections of relatively enormous quan-
tities of homologous citrated blood o).y, In
the investigations outlined above it appeared
that neither of these could adequately account
for the incidence of haemosiderosis observed
among natives,

During the investigation of the diet and the
modes of preparation of the food, it appeared
that metals other than copper might be factors
particularly zinc and tin. A few experiments
were carried out on rabbits with these metals,
zine, tin and copper salts were used; in some
cases these were administered alone, in other
cases assoclated with alcohol. The details of
these experiments are shown in appendix IV and
the results are discussed in Section V.

In Section VI the problem is considered and
discussed as a whole in the light of the sum
of these investigations,



SECTION IT.

Incidence of the conditions

to be discussed,

In Section I, reference was made to the
fact that‘pigmentation_of the organs of natives,
coming to autopsy, was observed to occur relative-
1y frequently and consequently a routine investiga=~
tion of the incidence of haemosiderosis was set on
foot,

'In the year 1924, one case of haemochromatosis
occurred, it was associated with diabetes and
diabetic gangrene; the patient was a mative woman,
aged 50, In the same year there were in additlion
four cases of pigment cirrhosis, which did not show
all the features of haemochromatosis; These five
cases were the only five tested that year, in
which two hundred and twenty-four native autopsies
were performed,

These two hundred and twenty-four with the
eight hundred and seventy-six recorded in appendix i
make a total of eleven hundred, On the last page
of the appendix are collected thirty-two cases of
pigmentation of an extent and degree usually found
in haemochromatosis. Thus in this series of
eleven hundred natlves, there were observed thirty-three
cases of iron pigmentation of a degree comparable

with that of haemochromatosis . Of these cases,

twelve/



twelve occurred in females and twenty-one in
meles,

Though accuracy in age determination among
natives 1s not to be expécted, the ages given
élosely approximate to the estimated age. This
must be teken into account when the age incidence
of this severe degree of pigmentation 1s being
considered. With this qualification it may be
stated that.

5 cases occurred between the ages of 30-35 years

5 ] f n tt " n 35_4 0 1t
10 i 4] n n t n 4 0~-50 4]
17 ] L 1 1] 1 i} 5 0=60 "
6 [ " " " [ 4] 60-'70 7t

In 1924 there was 1 case

In 1925 there were 2 cases

In 1926 there were 12 cases

In 1927 there were 9 cases

In 1928 there were 9 cases

During the years 1925-1928 the test for haemo-

sideroslis was applied systematically in seven
hundred and forty-five cases, In addition to the
cases of haemochromatosis mentioned above, haemo-
siderin was found in the liver, spleen and lymph
glands in three hundred and sixty-eight cases,

0f the seven hundred and forty-five cases, four

hundred/



hundred and twenty-three were over thirty years

of age. 0f the three hundred and sixty-eight

cases of haemosiderosis three hundred and ten

were over thirty years of age. If to the cases

of haemosiderosis are added those of haemochromatosis,
a total of three hundred and forty two cases showing.
definite iron pigmentation is obtained out of the
four hundred and twenty three that were over thirty
years of age; i.e. in eighty per cent of these
autopsies, obvious haemosiderin occurred.

Of the casesof haemosiderosis, one hundred and
fifty-one were associated with tuberculosis; of these
one hundred and twenty-one were over thirty years of
age; of the cases of haemochromatosis eight were
associated with tuberculosis,

The total number of cases of tuberculosis was
three hundred and thirty-seven; sixteen of these
occurred in natives under five years, an incidence of
17%, ninety-five occurred between the ages of five
and thirty years - an incidence of 23,4%, and two
hundred and twenty-six occurred over thirty yéérs,
an incidence of 35%.

Tuberculosis in the native has a distribution
which closely resembles that found in the experimental

animal./



animal. Involvement of the spleen is exceed-
ingly common and this organ may reach several .
pounds 1In weight and be the seat of multiple
caseous focl of varying sizes, This involve=-
ment of the spleen is not 1Infrequently aséociat-
ed with the occurrence of tubercles in the liver,
and where haemosiderosis is well-marked the
caseous nodules stand out sharply from the rusty
pigmented substance of the liver, In addition

| where the upper retro-peritoneal lymphatic glands
are involved the caseous process stands out against
the rusty back ground of the pigmented gland.

In some casesof tuberculo-silicosis - a peculiar
form of fibroid tuberculosis associated with silicosis
which in the lung assumes initially an islet
character similar to that of simple silicosis - the
upper retro-peritoneal glands may be the seat of
pigmentation and fibrosis due to the combined
presence of tuberculosis and silica; in addition
pigmentation from haemosiderin may also be present .

It would appear from sections of tissues show-

- ing the occurrence of tuberculosis and haemosiderosis
or of tuberculosls, silicosis and haemosidefosis,
that the iron pigmentation had been the primary
condition and that tuberculosis had been super-

imposed. In other words that although tuberculosis

may/



may be found assoclated with haemosiderosis in
50% of the cases of haemosiderosis under thirty
years of age and in 37% of cases over thirty years'
of age, 1t does not necessarily'follow that tuber-
culosis 1s an important etlological faétor in the
production of the haemosiderosis, It has been
stated that erythrophagocytosis is increased in

tuberculosls (iz.)

» but such erythrophagocytosis
could not produce the degree of haemosiderosis
which has been observed. If tuberculosis were
an important factor in the production of the
iron pigmentation,then one would expect to find
.it in native children as marked as in adults,but -
iron pigmentation in children is conspicuous‘by
its absence. The type of tuberculosis found im
children and in adults iﬁ the ma jority of cases
is closely similar - apart from the cases where
sllicoslis and tuberculosis are found together.
Only rarely in about five per cent of cases does
one find evidence of o0ld healed arrested tuber-
culosis, in the form of a calcareous gland or
calcareous focus in the lung; the vast majority
of cases of all ages show even on careful search

no evidence of chroniec tuberculosis:- cases of



of bone tuberculosis are in a class apart as

some of these show chronic changes but in the
material dealt with at the autopsies only seven
of this type occurred in a total of three hundred
and thirty seven.

A further fact which suggests that tuberculosis
is not a factor in the haemosiderosis is that the
organs in Europeans who died of acute tuberculosils
did not give a positive reaction for haemosiderin
in all three tissues - liver, spleen and lymph-
glands; the spleen might give a positive reaction
and the liver show a trace but among Europeans,
haemosiderosis in the sense used in this investiga-
tion, did not occur as the result of tuberculosis.

Another disease which commonly affects the
South African native is schistosomiasis; infestations
with Schistosoma haematobium and Schistosoma mansoni
are not infrequent. Ninety-six cases of obvious
bilharzia were noted in this series, It would
seem, however, that the incidence of this condition
is even greater than is borne out by the reéord of
cases with obvious lesions; in the routine histolo-
gical examination of the liver for haemosliderin and
haemofuscin pigments, a number of specimens showed
considerable deposits of bilharzia pigment even when
no bilharzial lesion had been noted in the organs at

autopsy. One of the manifestations of this disease

amongst/



amongst the natives 1s an enlargement of the
spleen; the enlargement may be of such a degree
that the organ weight is two to three pounds.

In the enlarged spleen ova of both S.haemotobium
and S. mansoni have been found, thus bringing
this type of splenomegaly into line with that

of the Egyptian splenomegaly described by

Ferguson (/3.) (/&) .

and Day

Incidentally it may be mentioned that ova of
the Schistosoma have been found in lung, liver,
pancreas, spleen, omentum, appendix, fallopian
tube, kidney, ureter as well as in the bladder
and in the large intestine, Consequently it
would appear that in certain cases of schistosomilasis
there may be a general stimulation of the reticulo-
endothellial system and this may play a part in the
production of haemosiderosis.

Increase in erythrophagocytosis has been reported
in certain, diseases, particularly tuberculosié,
typhoid fever, pneumonia and in some cases of
cirrhosis of the liver.(/2) In this series of cases,
seventy-eight died of typhold fever or of one of
its complications; in a proportion of these haemo-
siderosis was present. There were one hundred and
one casesof lobar pneumonia, five of which were
associated with haemochromatosis,

In addition to the thirty-three cases of

haemochromatosis in which cirrhotic changes of

varying/



varying degree occurred in the liver, forty-

four cases of obvious cirrhosis were noted i.e.
there were seventy-seven cases showing macroscopic
cirrhotic changes. Of these seventy-seven, two
were under twenty years of age and a further ten
under thirty years of age.

The routine histological investigation of the
liver in natives indicates however that early
cirrhotic changes are much commoner than would
appear from the naked eye examination. Cellular
infiltrations in and around the portal tracts are
an almost unvarying feature of the histological
pilcture and this cellular infiltration is almost
identical with that seen as the earliest mani-
festation of cirrhotic changes in the experimental
animal.(3/) (32)

A further indication that the liver 1s commonly
the seat of change in the native 1s seen 1n the
relative incidence of carcinomé. The number of
primary carcinomata observed was forty-one in the
serles; of these, twenty-two were primary carcinomata
of the liver, nineteen occurred in males and three
in females. The sites of the other primary carcinomata
were - oesophagus 3, thyroid 3, stomach 3, pancreas 2,
breast 2, colon 2, bladder 2, skin 1, ovaries 1.

0f the carcinomata of the liver, three were
assoclated with haemochromatosis and sixteen with

cirrhosis of the 1liver,

De Vogel/



(6.)

De Vogel, quoted by Mallory refers to

the high frequency of carcinoma of the liver in

the Javanese and Chinese and states that ninety
per cent of such carcinomas were found in ecirrhotic
livers. A similar relationship is found in the
South African native,

Though only twenty~two cases of primary carcinoma
of the liver occurred 1n the hospital autopsies durilng
the years 1924-1928, forty-five other cases were
reported in 1926 and 1927 from material sent to the
South African Instltute for Medical Research for
examination. (Vide Reports for 1926 and 1927).

Metastases were noted in a few cases in the
regional lymph glands and in the lungs.

Other diseases which may be of importance in
relationshlp to haemosiderosls - belng associated
with activity of the reticulo-endothelial system =
are malaria, typhus, amoebiasis, scurvy and the
anaemias, No case of typhus came to post-mortem.
Of malaria there were six cases of cerebral type.
Twenty-four~cases occurred of amoebiasis, the
ma jority showing liver involvement,

Eight cases of scurvy were noted and in six

this was the cause of death,

As/



- 10 =

As regafds'the anaemias and leukaemias, though
clinical records and clinical pathological exami-
natlions show that these 4o occur, only one case
of aplastic anaemia and one case of myelogenous
leukaemia reached autopsy.

Diseases numerically important among the causes
of death were endocarditis (21l varieties, fifty-
five cases) and nephritis (all varieties, forty-two
cases).

Aschoff,(Lf) in a lecture on atherosclerosis
indicates that atheromatosis may be found in child-
hood,at puberty,and in senescence, and maintains
that this condition is associated with an increase
of cholesterin or cholesterin esters in the circulating
plasma; in childhood and at puberty the condition
is a reversible one and may disappear,but in the
atheromatosis of senescence an irreversible condition
is established. One of the manifestations in the
childhood type,is a lesion of the septal curtain of
the mitral valve. This type of lesion has been
found in native children, e.g. in a child of three
dying of acute infection. Similar lesions have been
‘found however in the mitral valve at all ages; practically
~ no native heart is free from it and a considerable

number of Europeans of all ages show the same lesion.

The/



The site of the lesion is commonly the seat of
calcification in the later years of 1life,

Degenerative changes of atheromatous type are
the rule in the arterial system of the natives,
and the atheromatosls corresponds to the senescent
form described by Aschoff, This lesion may be
diffuse in individuals just over thirty years of
age,and 1is usually gross in the sixth decade of
life. In every case that reaches the age of
sixty years calcification is always present, in
the aorta or in the iliac and femoral vessels.
Calcification may occur much earlier than this both
in Europeans and in natives, for example a large
calcified plaque was seen in the case of a
European female, (South African born) aged twenty-
one, who died from meningitis as the result of an
accldent; this plaque occurred in the ascending
aorta just above the aortic cusps.

The relationship of diet and of climatic
conditions, such as excessive sunlight, to this calcification
has yet to be investigated; 1t is suggestive however that
ergosterol in large doses may produce calcification in
the experimental animal.(/é)

If, as Aschoff maintains, stheromatosis, the infil-
tration of the intima with cholesterin esters, cannot

occur without the presence in the blood plasma of

increased/



increased cholesterin substances and if the
cholesterin metabolism 1s controlled by the

liver, which 1s the accepted view, then it

would follow from the incidence of atheromatosis in
natives that some change, possibly functional but
presumably organic was present almost constantly in
the liver of the native.

As regards syphilitic lesions, these have not
been noted to any large extent in spite of the fact
that more than twenty five per cent of natives tested
gaﬁe a positive Wassermann reaction,

In the discussion on haemochromatosis previously
referred to, the importance of haemofuscin as an
essential feature of the condition was discounted;
emphasis was laid on the deposit of haemosiderin
while haemofuscin was considered as an iIntermediate
stage between haemoglobin and haemosiderin. Towards
the end of this investigation it appeared that haemo-
fuscin was not a disintegration product of haemoglobin
but rather a combination of haemoglobin with other
chemical substances.

This nesessitated a reconsideration of the lmportance
of haemofuscin and required an examination into its
incidence in the livers of natives. Only a short
series of examinatlons was made in consecutive cases
coming to post-mortem. Between forty and fifty cases

were examined. The chief test applied was that suggested

by/



by Mallory - the differential staining of the pigment
with an alcoholic solution of basic fuchsin; haemo-
giderin does not stain with the basic fuchsin and
haemofuscin does not give the reaction for free
iron with hydrochloric aclid and potassium ferro-~
eyanide. () (7)

- The tests were applied in all cases to sections
of the liver and in a few cases to sections of spleen
and of kidney.,

Haemofuscin was found in appreciable amount
In twenty-five cases, and in traces in the remainder
with fhe exception of three which were negative.

In practlically all the positive cases the haemofuscin
wa.s present associated with haemosiderin in the same
cells; in one case of cirrhosis, in the régenerating
areas heaemofuscin was present alone; in one case without
cirrhosis haemofuscin was associated with only very
small traces of haemosiderin,

Though this series 1s small the results suggest
that the deposition of haemofuscin is relatively
common in the liver of the South African Mative.

As regards the age incidence, several of the
cases showing appreciable quantities of the pigment
were only twenty years of age. Appendix 1 shows
that haemosiderin deposit in the liver is very cormon
even at twenty years of age, though deposits in

the other orgsns may not be appreciable. The age

incidence/
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incidence suggests a factor which acts early in
life and continues more or less constantly.

The occurrence of cases showing mainly haemo-
fuscin deposit and of cases showing the association
of haemofuscin with haemosiderin in the same cells
(the transformation of haemofuscin to haemosiderin)
supports the contention that the deposit of haemo-
fuscin 1s antecedent to the haemosiderosis. The
rate of transformation of haemofuscin to haemosiderin
may vary in different cases and this may account for

the different pictures obtained.




D I E T

SECTION III

Most authorities consider that haemochroma-~
tosis 1s a condition which requires years for its
development, so that if diet plays any part in
its production, that diet must have been adopted
for a similarly long period. In this respect
the diet of the natlive in his krasl must assume
some considerable importance. In type it is the diet
which dominates his life, even when the native
is in towns, the modifications there being mainly
in the type of alcohol he consumes,

An investigation into the dlet of the South
African Native 1in his kraal was carried out some
twenty years ago by Dr. G.A.Turner, then Medical
Officer to the Witwatersrand Native Labour Associa-
tion, thannesﬁurg. The report of this investiga-
tion is to be found in volume four of the Transvaal
Medical Journale.

No apparent change has taken place in the natives!
diet nor in his habits since that time so that the
comments made by Dr., Turner are still worthy of
consideration. . Some extracts from the articles in
the Medical Journal may be quoted, as they tend to

throw some light on the incidence of disease or its

causation/



causation amongst the natives, and as they may
also be relevant to the subject of haemosiderosis.

"The native is proverbially improvident, he
has to contend with &rratic seasons and con=-
sequently it often happens that he has only
a very indifferent diet upon which to exist."

"Their improvidence combined with a constitu=-
tional inabillity to commence work except
under compulslon causes the natives in many
parts at certain seasons of the year to
deteriorate physically,"

"Though the natives are able to endure hard-
ships on a limited food supply, it has been
found on several occasions that 1f after
privation,they are given muscular labour,
even when supplied with a good nutritious
dlet, they are liable within the first few
months of commencing work to develope scurvy."

"The natives of South Africa have become
accustomed to a diet containing a higher
percentage of carbohydrates than is found
amongst European races,"

Meat does not enter into the every-day dilet, it 1is

a luxury reserved for special occasions; eggs are
not a popular form of food and fish is reckoned
unclean by most tribes. The staple form of diet

is of a 'vegetarian' type, although on rare occasions
the natives at times will eat enormous quantities

of meat. Even in the towns the native still adheres
to this type of diet,

Though Dr. Turner mentions a great number of carb-

hydrate foods that may be used by the natives, e.g.

mealies, potatoes, sweet potatoes, sugar cane, pumpkins,

avocadopears/



" avocadopears, paw-paws, pineapples, prickly pears,
etc., yet, so far as the natives are concerned
upon whom this haemosiderosis investigation was
carried out, almost the only carbohydrate food used
is the mealle - a variety of the zea mays -, The
mealie may be cookedwhole or may be ground for the
prepération of mealie porridge, etc,

The fats of the diet were at one time derived
mainly from mlilk, usually taken sour and often
precipitated, but where milk is not availlable,
vegetable fats may be employed, derived for example
from nuts, or animal fats obtained at ceremonial
times when meat 1s eaten. These fats are incorporated
as a rule in the prepared mealies. Mealies contailn
a certain amount of protein (the meal contains 70%
carbohydrate, 14% protein and 3.8% fat) and further
- proteins may be added to the diet from leguminous
foods e.g. peas and beans and also from nuts.

As regards alcohol Dr., Turner states:-

"The native races of South Africa generally,
in common with other uncivilised people, are
mentally incapable of resisting alcohol,
Consequently in parts where spirits and wines

- are obtainable at all seasons, the native
popglation is a drunken one from its childhood
upe.

"on the other hand, in places where Kaffir Beer
is the national drink, the native 1is by no means
a drunkard in the true sense of the word; he
doubtless at times consumes enormous quantities

of beer -~~~ but he contents himself with these
periodic bouts. Even this beer-drinking class,

however/



however, glves way to drink when brought in
contact with civilisation, unless kept more
or less under close observation."

Dr. Peter Allan,(/7) who 1s at present carrying
out a tuberculosis survey in the Native Territories,
informsme that there the diet consists almost entirely
of mealles (3 pounds or more per day). These may be
roasted whole or coarsely ground and made into porridge
to which a little pumpkin or a few beans or peas may
be added when available; animal fat ﬁay also be mixed
into the porridge.

Meat 1s eaten at ceremonial time;, once or twice
a month. At these times the native indulges in
kafflr beer orgles which may last for a week; the beer
appears to have a highly intoxicating effect and the
native eats nothing during the drinking bout, but
when the bout is ended, he may eat enormous quantitiles
of meat, Apart from ceremonial times the diet is
essentially mealies,

Dr. Allan also confirms information that I have
recelved that the native calabashes and cooking
utensils are disappearing and being replaced by
paraffin tins, petrol tins and tins of a}l sorts and sizes
both for the storage of food and for its preparation.
That this change had taken place in the towns has heen
a matter of common observation for years and it has also

spread to the native territories.

Dr. Allan's communication to me indicates that there

has/



has been no change in the type of diet among the
natives for the past twenty years and that Kaffir
Besr is stlll as popular as ever with them.,

Dr. Turner in his remarks on Kaffir Beer states
that "it must be looked upon as the national drink
of the Kaffirs and one universally appreciated by
the Bantu race". It is made from various kinds
of kaffir corn, a kind of millet (sorghum vulgaris).
Mealiés~are also frequently employed when the other
‘forms of grain are not avallable.

Properly made and used at the proper time, namely
within a few hours of its preparation, the kaffir beer
appears to be a valuable addition to the diet. One
Miésionary quoted by Dr. Tﬁrner says "It is in my
view more than a luxurious and supererogatory beverage,
it is rather a very admirable, very beneficial, even |
perhaps very necessary form of food". The suggested
source of this "necessary form of food" is mentioned
as being in the yeast which the liquor contains when
drunk.

The mode of preparation of the kaffir beer resembles
that of ordinary beer, but the various stages are not
controlled as regards temperature, time, and materials,
Consequently the type of fermentation produced differs
from that of ordinary beer,and the end-product may show
8 well-marked acetous fermentation and contain a

considerable quantity of acetic acid (’8);
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A melt is prepared by inducing the kaffir corn
to germinate, and arresting the germination process
by drying, preferably sun-drying. A certain amount
of this malt is mashed with mealie meal in water,
preferably hot water. The mass 1s allowed to stand
in a8 covered vessel exposed to the rays of the sun
for from one to three days. I+ then becomes a thick
fermenting mass of sour-sweet taste with a distinctly
putrlid smell. This is regarded as a2 kind of mother:
worte.

Parts of this wort are added to boiling water and
the whole boiled for the best part of a day, when
1t 1s put into vessels and allowed to cool for twenty-
four hours. After this period of cooling a certain
quantity of the kaffir corﬁ?iétnow mashed into the
wort to produce the main aleoholic fermentation. Thié
is supposed to be at its height in twenty-four hours.
Then the beer is strained into other vessels and is
ready for consumption. If the beer is kept over for
e day or so longer, the alcohollic content Increases. The
beer ought to be consumed as soon as prepared, for 1f stored
at 8ll it becomes more potent and more acid.

Dr. Klein 8 ) in an article on kaffir beer and its
manufacture on the Rand, indicates the marked tendency
for acetification to take place in the process just
described. After quoting analyses of various specimens
of the beer, whiéh were made by the Government Anglyst
he shows that so far as the Rand 1s concerned the

native in order to feel satisfactorily seasoned will

require/



require about 2,000 gms. of the beer which
will give him the benefit of 50 gms. of acetic
-acid and 80 gms. of alcohol".

Even when proprerly prepared kaffir beer remains
sweet only for about fifteen hours after its pre-
paration, thereafter 1t becomes too acid and sour
to be fit for humean consumption. As prepared
and drunk by the natives in and around Johannesburg,
it 1s already too acid; even then its acidity is
much increased by the addition of adulterants
esge+ sulphuric acid.

Dr. Turner comments on this as follows:-

"Unfortunately some of the native women
are losing the art of making good beer
or are too lazy to do so properly. To
get over this failing and in some cases to
~increase the potency of the ordinary product
they add adulterants. For the purpose some
use cheap dop brandy or whisky and I have
hesrd of paraffin, copper sulphate and even
sulphuric acid being added." -

Other types of alcohol and the methods of their
preparation are noted in the appendices, where are
coples of notes received from the Criminal Investi-
gation Department, Johennesburg by Professor J.M.Watt
of the Department of Pharmacology in the University
of the Witwatersrand.

Formerly the preparation of food and drink was
done in calabashes and native pots but nowadays
these have been superseded to a large extent by

the peraffin tin, the petrol tins and by galvanised

receptacles.
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Though the native is in many ways cleanly
in his habits yet custom permits and sometimes
demaﬁds that food and liquor be kept more or
less continuously in the same receptacle,
particularly in these processes where fermenta-
tion plays a part. Thus it happens that metal
receptacles and ﬁtensils become corroded and the
food contaminated by the corroded metals. Where
tin receptacles are used, tin contamination will
take place and it is obvious with an acid fluid
like kaffir beer, this may be considerable,
Similarly with zinc lined receptacles e.g. water
tanks, which commonly are of galvanised metal,
Thus, quite apart from any metallic content of the
food as food, contamlnations with zinc and tin are more
or less constant.

That such contamination may be considerable
can be readily appreciated in the light of the work
of Sale and Badger (19). They investigated a
geries of cases of poisoning from bottled wort
beer and found that the beer contained 229 milligramms
of zinc per litre; this zlnc content they presumed
to be derived from galvanlsed pails 1in which the
beer had been kept before bottling. They therefore
investigated the rate at which wvarious liquilds
dissolved the zinc from ordinary galvanised iron

palls.,

Some of their results may be quoted to show the

rapidity/



rapldity with which some fluids may dissolve
this metal.

"Amount of zinc in mgms. per litre

After 17 hours After 41 hours
Tap Water 5 - 21
Distilled Water 9 27
Carbonated Wgter 193 181
Milk 438 1,054
Orangeade 530 : 854
Lemoneade 1,411 2,700."

These results indicate that the native food and
liquor contains appreciable metallic content from
contemination.

Quite apart, however, from contamination, the

native's diet does contain sn appreciable quantity

of zinc.

Bertrénd and Beuger (20) as the results of
their experiments show that zinec 1is an element
of grest physiological importance; it 1s found in
appreciable quantities In substances rich in
Vitamin B. They state that it is found in
notable quantities in bran, yeast, butter, milk
and cod liver oil, and that the organs richest
in zinc are the liver, brain and heart.

Bertrand and Wakamarsa (24.) maintain that from
the physiological aspect zinc is more important to Ke
organism than iron.

A certain minimal amount of zinc must therefore be

ingested/



ingested in the food,
i (22.) .
Buckner in an investigation into the zinc
content of food reports the following quantities

of zinc per thousand grammes.

"Tap water © 0,25 mgm.
Yolk of egg ' 56,71 mgm.
Pea (dry) 34 .53 mgm.
Yeast ' 414,86 mgm,
Corn(Zea Mays) 25.24 mgm.,
Wheat Bran ' 139.2 mgm.
Wheat 84,0 mgnm,
Bean 14.65 mgn.
Milk 4-5 mgn.

Precipitate of Cow's milk 674.3 mgn."

In & vegetarian type of diet, therefore, quite
apart from contamination, appreciable amounts of
zinc are ingested: 1f yeast made beers are associated
with the diet, as in the case in some kaffir beers,
the amount is much increased.

An investigation into the effect of long continued
ingestion of zinc by cats and dogs, together with
observations upon the excretion and storage of zinc
has been carried out by Drinker, Thompson and Marsh,(li)'
Prom their work it would gppear that absorbed zinc
begins to be excfeted promptly after its absorption.
A small fraction leaves the body in the urine, the
ma jor amount however 1s excreted along the alimentary
tract, some‘of it in the bile, probably some of it
in the pancreatic juice, If the absorbed zinc is

greater/
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greater in émount than the excretory mechanism

can handle at once, zinc is temporadly stored,
chiefly in the liver, and liberated by this organ
"as fast as 1t can conveniently be excreted. A
small amount of zinc is excreted in sweat and
probably some also in milk. (Both cow's milk and
human milk contain appreciable quantities of zinc),

In their experiments three heavily zinced cats
developed fibrosis of the pancreas with nodularity.
Thelr observations have led these workers to concelve
of the possibility that the pancreas may serve
normally as one of the agents by which zinc or
possibly other heavy metals, are excreted into the gastro-
intestinal tract, and that the fibrosis observed may
have resulted from an excessive demand upon the
pancreas to exercise this function.

‘ The orgens involved in the storage and excretion of
zine viz. the liver, psncreas and skin, have some
‘significance when considered in the light of the
incidence of the pigmentation in haemochromatosis,

To sum up the sallent features of the native dies,
it is mainly vegetarian in type and 1s associated
with an alcochol which degenerates rapidly to a crude
form of vinegar; it is llable to contamination both with
salts of tin and of zinc, and zinc is already present
in the food in relatively large quantity.

It was presumed that these two metals might be

factors in the incidence of haemcsiderosis and of

haemochromatosis/



haemochromatosis, The investigation into the
relationship between zinc and tin feeding and

the early changes associated with experimental pigment

cirrhosis is dealt with in Section V.



FRAGILITY OF THE ERYTHROCYTES.

SECTION 1V,

There are many tests whereby the resis-
tence of the erythrocytes to varying strengths
of hypotonic saline may be investigated. That
employed in this series of examinations was
origiﬁally elaborated by Simson (Z*), while
working on certain types of anaemia and I am
indebted to him for information as to the
normal obtained over some five hundred exami-
nations,

The ideal treatment of the blood to be
examined is defibrination as soon as it is
withdrawn from the patient, but as my speci-
mens were collected several miles from the
laboratory such treatment was impossible.
Instead the blood was collected in a tube
treated with potassium oxalate, only just
sufficient of the anti-coagulant being present
as was necessary to prevent clotting.

From B c.cs, to 10 c.cs, of blood were
withdreawn from a vein, shaken up in the tube
with the oxalate and sent to the laboratory

where the specimens were received usually

within/



within one hour and never later than two hours
after they had been taken,

- The oxalated blood was then washed in six
changes of saline (0,85%), the washing being
done in the'centrifuge; From the deposit of
washed cells, a five per cent suspension was
made in 0.85% saline and this suspension was
used in the test against varying strengths of hy-
potonle saline.

The test tubes in the experiment were calibrate
e@ so that the diameters were approximately equal,
and that equal volumes of fluid stood at the same
level, thus giving equal volumes of fluid for
colorimetric comparison. The standard chosen
for colorimetric comparison was that of a sixty
per cent haemolysis; this had been proved by
experiment to be the most satisfactory.
The standard was obtained as follows:-

0.5 c.c. of the cell suspension was placed in
one of the calibrated test tubes and to this
were added 2 c.cs, of distilled water. The
contents of the tubewere thoronughly mixed and
the corpuscles underwent complete haemolysis.
From this fluid, showing one hundred per cent
haemolysis, 1.5 c.c. were taken and added to 1 c.c.
of distilled water in another calibrated tube: the
contents were mixed thoroughly and a standard of

sixty per cent haemolysis thus obtained.

A/



A separate standard was made for each specimen
tested.

In carrying out the test eight calibrated
tubes were used in addition to the standard;
the test was'duplicated for each blood examined
so that an average might be obtained. In no
case did the duplicate tests differ in results.

The elght tubes were placed in a convenient
rack and numbered from 1 to 8. To each tube
were added 2 c.cs. of saline of varying con-
centrations of salt; thereafter 0.5 c.cs. of the
cell suspension in 0.85% saline; immediately, the
tubes were rapidly inverted and the contents
thoroughly mixed; the mixing was begun in the
lowest concentration in tube 8 and continued
in rapid succession up to fﬁbe 1. The finger
or thumb used in the process of mixing was dded
between two successive tubes.

The tubes were allowed to stand at room tem-
perature overnight.

To minimise the percentage of experimental
error, large quantities of the various concentra-
tions of salt were prepared. No fresh solutions
were required in the series of two hundred and
fifty blood examined. Before preparing the
solutionslthe salt was heated and then cooled
before wéighing out the desired quantities; in
" this way an accurate saline concentration was

obtained/



obtained.

As a further precaution against error, all
titrations were carried out with the same
pipette - a standardised 2 c.,c. pipette.- The
pipette was washed out thoroughly by means of a
suction pump , with the concentration of saline
to be used iIn the titration.

The contents of the tube at the end of the
experiment were as follows,

Tube 1 2 c.c. of 0.85% saline + 0.5 c.c. cell sus-
pension giving saline concentration 0.85%

Tube 2 2 c.c. of 0.425% saline + 0.5 c.c. cell sus-
pension giving saline concentration 0.51%

Tube 3 2 c.C. 0f 0.400% saline + 0.5 c.c. cell sus-
pension giving saline concentration 0.49%

Tube 4 2 c.c. of 0.375% saline + 0.5 c.c. cell sus-
pension giving saline concentration 0.47%

Tube 5 2 c.c. of 0,35% saline + 0.5 c.c. cell sus-
pension giving saline concentration 0,45%

Tube 6 2 c.c., of 0.325% saline + 0.5 c.c., cell sus-
pension giving saline concentration 0,43%

Tube 7 2 c.c. of 0.30% saline + 0.5 c.c. cell sus=-
pension giving saline concentration 0,41%

Tube 8 2 c.c. of 0.275% saline + 0.5 c.c. cell suse-
pension giving saline concentration 0,39%

In the normal saline control i.e. tube 1, the
cells sedimented and no haemolysis occurred, In
a proportion of the remaining tubes haemolysils
took place to a varying degree; this degree. of

haemolysis was compared colorimetrlcally with the
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standard sixty per cent which had been prepared.
That concentration of salt in the hypotonk saline
which corresponded to the standard.could then be
readily estimated,

As will be noted, fhe variation in saline con-
centration was arranged so that, when combined with
the saline in the cell suspension, there should be
a final variation of 0,02%.

In his work Simson found that by this method,
using sixty per cent haemolysis as a standard, the
normal limits for Europeans in England were from
0.41% cenCentfationtm 0,43% concentration with an
average of 0.42%, that 1s,to obtain a sixty per
cent haemolysis of normal erythrocytes by means of
hypotonic salline, an average cdncentration of
0.42% salt is required,

The term "normal fragility to hypotonic saline"
will be used in this sense.

Accepting the figures 0.41% to 0.43% of salt
concentratioﬁ as a basis for the 'normel fragility
to hypotonic saline', I assumed that 1f I found a
similar normal variatioh among Europeans in
Johannesburg that there was no need to carry out
an extended survey among them. Fifty cases of
varying ages were examined; they were unselected,

the specimens being taken from patients sent to the
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laboratory for the collection of blood for the
Wassermann reaction.,

The average result obtained was 0,42%

The maximum obtained was 0.,445%

The minimum " " 0.40%

Two hundred native cases were also examined.
The specimens were obtained by the courtesy of the
Medical Officers of the Witwatersrand Native Labour
Association and were taken from natives awaiting
repatriation after service on the Mines, or from
patients suffering from slight disabilities re-
quiring their detention for a few days in a surgi-
cal ward. No case of obvious serious disease was
examined., |

In a proportion of the cases a red-cell count
was done and an estimation of the haemoglobin,
no serious departure from the normal was noted,

Though ade 1s an uncertain quantity amongst
natives approximations were given in each case,

The average age of the two hundred is 28,5 years,

The average fragillty to hypotonic saline
obtained was 0,437% »

The maximum fragility to hypotonic saline
obtained was 0,48

The minimum fragility to hypotonic saline
obtained was 0,40%

Among the two hundred cases there were several
tribes represented = Shangaan 55, Xosa 37, Mchopi 27,
Nyambaan 23, Pondo él, Msutu 20, Swazi 7, Bechuana 6

and/



and four others.
The results abstracted from the tribal point of

view are as follows =

Average Age Average Fragility
Shangaan 27.78 years 0.444%
Xosa 29.46 " 0.434%
Mchopi 27.55 " 0.439%
Nyambaan 29.78 " 0.427%
Pondo 27,9 " 0.438%
Msutu 28.65 " 0.434%
Swazi 30,1 " 0.443%
Bechuana 28.66 " 0.431%

The details of the results are seen in the
tables in appendix ii.

From the results, 1t 1s seen that amongst the
batech of natives examined, the fragility of the
erythrocytes to hypotonic saline 1s greater than
fdr Europeans.

Of the two hundTred cases, one hundred and thirty

were between the ages of twenty and thirty years
and the average fragllity for this group is 0.433%;
seventy were over thirty years and the average
fragility for this group is 0.44%.

This age grouping is also suggested in the
tribval abstracts)particularly in the larger groups,

Between the agesvof twenty years and thirty
the fragllity of the natlive corpuscles approximates
to the upper limit of the European normal but above
the age of thlrty years the fragility 1s definitely

increased,

Hughes and Shrivastara 25) investigated the

fragility among Indians, with particular reference
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to cases of splenic enlargement and of cirrhosis
of the liver. The method of test they adopted
was that descrlbed by D, Orohovats (26), in which
the degree of haemolysis is detérmined by means
of counts of the numbers of undamaged cells in
the saline solution after a fixed definite period;
‘the normal "fragility to hypotonic saline", 1i.,e.
for sixty per cent haemolysis, by this method is
approximately 0.41%.: the results by the two
methods of test are thersfore comparable,

It would appear then, that the limits of the
"normal fragility to hypotonic saline" are the
same for Europeans and for Indians and presumably
the 1limits ought to be the same for the South
African Native,and therefore where variation occurs,
it is related to some pathological process,

Hughes and Shrivastara 5.} ape of the opinion
that increased fragility is related to increased
activity of the reticulo-endothelial system and
they demonstrated that, in cases of splenomegaly
associated with cirrhosis of the liver, there 1is
increased fragility of the corpuscles in the
early stages, and that as the cirrhosis advances

this increased fragility becomes altered to

increased resistance.
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In Section 1i attention was drawn to the
incidenice of gross cirrhosis ambngst South African
Natives and to the relatively emormous incidence
of early cirrhotlie changes, presenting a picture
almost identical with that of the first manifestae
tions of.experimental cirrhosis, According to
Hughes, one should expect amongst these natives
an increased fragility of the erythrocytes to
saline solutions, and that is borne out by the
results recorded in appendix II, It may be
emphasised again that so far as clinical examina-
tions showed;these natives were not suffering from
any condition that would be likely to invalidate
the test, thoughschistosomiasis cannot be excluded
entirely, as a fair percentage of mine natives
suffer from this condition.

Stimulation of the reticulo-endothelial system
occurs in a great number of diseases, tuberculosis,
typhoid, schistosomiasis, amoebiasis, subacute
bacterial endocarditis and a grest many more and
in Section 1ii it was shown that the diseases in
which such stimulation occurs are exceedingly

common amongst the natives.

Among Europeans, in the conditions where

abnormality in relationship to the fragility of

the/



- 10 =

the corpuscles has been noted, there has also been
demonstrated some disturbance of the relationship
between the lecithin and cholesterin in the blood:
as regards the natives no such data are avallable,
but the great incidence of atheromatosis emphasised
in Section ii certainly suggests that there is some

departure from the normal in this respect,



EXPERIMENTAE,

SECTION V.

Only a few experiments were undertaken and
the experimental animal used was the rabbit.
In spite of the fact that several workers have
taken exception to the use of the rabbit in
experimental work, whose end result is cirrhosis,
that animal presents certain advantages in any
preliminary investigation of this type. The
chief objection lies in the occurrence of cocci-
diosis in a considerable proportion of these
laboratory animals,but even the presence of cocci=-
diosis should not lead to misinterpretation of
results,as the lesions associated with this con-
dition are so characteristic and so localised,
The great advantage that the rabbit presents
over other laboratory animals is the relative
ease with which cirrhotic changes may be in-
duced in the rabbits liver as compared with the
others, For thils reason only rabblts have been
used in the investligation recorded, which was
initiated as a preliminary investigation,

An abstract of the experiments is presented
in Appendix IV,

Only a small series of animals was used and
consequently, such subsidiary, but relevant
examinations as the effect produced by the experi-
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experiments on the fragility of the erythro-
cytes, have not been made; isolated examinations
of this type would be of little value.

The animals received the ordinary laboratory
food, greens and bran mash s With in addition the
modifications mentioned in the appendix under
each. No estimation was made of the metallic
content of the food as control animals were fed
on the diet without any modification. The modifi-
cation of the normal diet consisted in the adminis-
tration of a metallid salt in éolution or suspension;
in addition, in three cases, methylated spirits
was administered. ' |

The solutions or suspensions of the salts
were originally made up in a ten per cent con-
centration and the salts used were stannous chloride,
zine chloride and copper sulphate.

The calculated amount of tin In the stannous chloride
solution was 5.3 gms. in 100 c.c.

The calculated amount of zinc in the zinc
chloride solution was 4.8 gms, in 100 c.c.

The calculated amount of copper in the copper
sulphate solution wes 2.5 gms, in 100 c.c.

In the case of the tin salt and of the zinc salt
these concentratiomswere found to be borne easily
by the animals in the doses administered, but as is

seen in the case of rabbit No. 5, the dose and
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concentration of the copper salt solution
proved to be too toxic and subséquently the
concentration was reduced to one per cent.

0f these solutions the daily dose was 0.1 c.c.
which was accurately measured in a pipette and
made up with water to 1 c.c. This was then
administered by pipette into the rabbit's mouth
and care taken to see that the rabbit swallowed
the full dose. The solutions were administered
daily at 9 a.m. for six days in the week; Sundays
were omitted. At the same time the rabbiis were
weighed daily.

In the case of the rabbits recei&ing the tin
and the zinc salts there never was any suggestion
of toxic disturbance nor of loss of weight - females
became pregnant and thelr offspring was healthy; in
the case of the copper animals even with the one per
cent concentration some toxic disturbance did take
place as in seen in rabbits No., 6 and No. 7.

At the end of the experiments the animals were
anaesthetised and killed by chbroform; a post-mortem
| examination was made immediately and the tissues fixed
in formalin for subsequent histologlcal examination,.
Paraffin sections were made and stained by haema-
toxylin and eosin, by van Gleson's stain, by
Mallory's ﬁethod for haemofuscin - basic fuschin -

and also for haemosiderin.,
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No case of coccidiosis occurred amongst the
rabbits, Rabbit No. 3 died of an acute hae-
morrhagic nephritis before the experiment had
progressed sufficlently to show any changes.
in the liver, it received doses of the ten per
cent copper sulphate colution and it was because
of this result that the concentration of this
solution was reduced,

Rabbit No, 4 suffered a fracture of one of its
hind legs and had to be killed; its place was taken
by rabbit No. 4A,

Two series Qf experiments Were made: in the first
the metallic salts were associated with aleohol in
the form of methylated spirits; in the second no
alcohol was administered; a control animal re-
ceiving only methylated spirits was also investi-
gated.

The organs in which haemofuscin has been demon-
strated in the experimental animal are the liver
and the spleen and the bone marrow; reports only
'on the liver and the spleen will be made in thils
series,

The examination of the livers of control
animals and these were fairly numerous, never
revealed any abnormality.

In rebbit No. 5, to which only methylated
spirits was administered, the liver showed well=

marked fatty degeneration but there was no periportal
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cellular'infiltration nor any increase in
fibrous tissue. There was no evidence of
haemosiderin but the sections stained for
" haemofuscin showéd an occasional cell filled
with pigment giving the differential staining
reactions of haemofuscin, The cells were
scanty but when affected showed large numbers of
the granules; a possible explanation of the
occurrence of these isolated cells lies in the
fact that the bran of the food contains a certain
quantity of zinec, possibly just enough to produce
the minimal effects noted, It may be, too, that
the fatty change associated with the spirit may
render possible the deposition of the pigment in
“scanty quantity, under conditions in which the
normal animal will not shbw any changes.

Hall and Butt(8 ) maintéin that alcohol has
an inhibitory effect on the deposition of
haemofuscin pigment but in the short series of
experiments mentioned here, such has not been
my experience: the series however is too small
to permit of a definite opinion.

In rabbit No., 2 to which zinc and methylated

spirits were administered, definite changes appeared
in the liver; there was a cellular infiltration of
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mononuclear type in the portal tracts, and fine
fibrils of fibrous tissue were noted in it.
Haemosiderin was absent but haemofuscin was present
in abundance, liver cells and Kupffer cells both
showing the pigment in great quantity. There was
no gross cirrhosis but the periportal cellular
infiltration with the fine fibrils of fibrous

tissue suggests that if the experiments had been
prolonged, a definite cirrhosis would have developed.

It is noteworthy that these changes were induced
by such a small daily dose of zinc as 4,8 mgms,

Rabbits 1 and 44 received the tin salt, while 1
also received methylated spirits, Similar changes
wére found in these rabbits - periportal infiltra-
tion of mononuclear cells with fine fibrils of
fibrous tissue and haemofuscin in liver cells and
Kupffer cells; in rabbit 1 there was transforma-
tion in some of the liver cells to haemosiderin
but this was patchy in character,

Rabbits 6 and 7 recelved the copper salty
the changes in the liver were similar to those
of the other animals viz. periportal cellular infil-
tration with deposition of haemofuscin in the
liver cells and in the Kupffer cells,

In all the metallic fed animals, the spleen showed
deposition of both haemofuscin and heemosiderin and
in some cells both pigments were present.

As regards the relative degree of deposition of
the haemofuscin in the rabbits, the zinc rabbit

showed/



showed the greatest degree, while the copper and

- tin animals showed distinctly 183331n this respect
it is to be noted that the dose of cbpper was only
0.25 mgm. and also that, as Mallory has pointed
out, even rabbits of the same litter react
differently to the same doses of metals.

The only definite conclusion which may be made
from this preliminary investigation is that haemo-
fuscin may be deposited in the liver and spleen of
the rabblit after the administration of relatively
small doses of salts of tin, zinc and copper; it
is also suggested from these experiments that long

administration of small doses of the salts may

ultimately lead to cirrhosis,



DISCUSSTION.

SECTION VI,

Haemochromatosis has not been confined to
natives in its incidence in thannesburg, for
during the period in which thirty-three cases
occurred amongst natives, there were seven
amongst Europeans. The total number of
European autopsies was eight hundred and
seventy.

In addition to the seven cases of hae-
mochromatosis all associated with glycosuria,
there were five cases of pigment cirrhosis,

Unfortunately both in European and 1n
native cases, full clinical histories have not
been available, and where some attempt at
history ﬁas been made, the detalls are usuvally
so meagre as to be valueless. The only
points of any relevance which have been obtained
are the age, the occupation and history of
alcoholism. These are given below,.

Case (1) W.W.McL, - Aet. 44 ~ Draughtsman
No history -~ Cause of death -~ Malaria,

Case (2) F.G.G. - Aet. 64 - Gold miner
No history of alcohol - Carcinoma of liver -
pulmonary tuberculosis,

case (3)/



Case (5)' W.T.0'B, - Aet, 66 - Compositor

Heavy brandy drinker - Cause of death -
Prostatlc abscess - Pydbnephritis.

Case (4) R.J.B. - Aet, 60 - Caretaker
No history available - Diabetes,

Case (5) &.R.B. - Aet, 50 - Musician
No history available - died in diabetic coma.

Case (6) L.S. - Aet, 50 =~ Barman
: Alcoholiec history - Diabetes

Case (7) =-- - Aet, 46 - Gold miner
Alcoholic history.

These seven cases all occurred in males,

Pigment cirrhosis Cases,

(1) s.S. - female - aet 59,
No history available,

(2) J.W,I., - Aet 73 - Plumber.
Heavy whisky and beer drinker.

'(3) P. 0'K.,- Aet 83 = Pensioner (presumably from mines)
No history available - had carcinoma of tongue,

(4) --—~- = Aet 40 + Gold miner
Alcoholic

Mallory (¥ ) in a discussion of the relationship
of copper poisoning to haemachromatosis gives the
occupation of nine cases of pigment cirrhosis some
of which showed the complete picture of haemochromatosis
with diabetes; these are now guoted.

(1) Male Aet 63 - Two years milling and plaining;brass c;
and then 36 years working steel ’
in same roome.

(2) Male Aet 55 - worked in railroad shop where
' ' copper was worked.

(3) Male Aet 55 - work in polishing brass pipe
wrenches,
wire

(4) Male Aet 46 - cable and telegraph/linesman
for 23 years.

(5)/



(6) Male Aet 41 - 14 jears milling and turning
brass,

(6) Male Aet 51 - Barkeeper

(7) Male Aet 50 - Importer of Italilan liquors.

(8) Male Aet 84 - Longshoreman

(9) Male Aet 42 Teamster

In the same article he also mentioné three
cases showing deposition of haemofuscin and
haemosiderin pigments without the occurrence of
cirrhosis.

These were in (1) male 49 - worked for years in
brass foundry.

(2) male 60 - a copper worker since
the age of 15

(3) male 52 - worked in a brass

foundry for 6 years - and
suffered from zinc colic.

(6.)

In yet another article , Mallory mentions

that out of a total of 6,340 autopsies there
occurred 329 case of cirrhosis of the liver and
éf these cases of cirrhosis 98 were associated
with haembsiderosis. In my series of 870
autopsies there occurred 30 cases of cirrhosis
of which 11 were assoclated with haemosiderosis;
in the series of 1,100 natives there were 78
cases of cirrhosis and almost every one asso=-
ciated with haemosiderosisf

As regards the sequence of events which leads

up to the terminal picture of cirrhosis of the

1iver,/



liver, haemochromatosis and glycosuria, it is
now generally accepted that the fibrosis of the
pancreas with the associated glycosuria is a
terminal phenomenon and that the diabetes plays
no part in the etiology of the pigment deposi-
tion.

u7.),, )
. To guote Garrod . "the question resolves
itself into that of the precedence of the two
remaining events, cirrhosis of the liver and
haemochromatosis and we may either suppose that
the haemochromatosis is the primary event,
and that the deposition of the iron-containing
pigment in the liver and pancreas gives rise to
the fibrosis; or again that haemochromatosis
results from a disturbance of iron metabolism
brought about by the hepatic cirrhosis; or

lastly that the cirrhosis and haemochromatosis
are parallel effects of a common cause",

"if it ecan be shown that true haemochromatosis
does actually occur in cases in which the liver
exhibits post-mortem no cirrhotic changes, it
will be necessary to abandon the theory that the
cirrhosis 1is the primary event, and the necessary
antecedent of haemochromatosis,"

I have quoted three cases reported by Mallory
in which pigment de-posit occurred without
cirrhosis: also in the serles of natiwvelivers
tested for haemofuscin, the two pigments
occurred without cirrhosis, Thus it would
appear that haemochromatosis does occur wilthout

antecedent fibrosis., I, the experimental

animals too the pigments were deposited without

cirrhotic changes. )
14
Though Ryton Rous interprded the results of his

experiments as ihdicating that cirrhosis preceded
pigmentation Mallory has since shown that a
different interpretation 1s possible, and has also

recorded/



recorded the fact that the intravenous injection
of haemoglobin is followed by a deposition of |
haeméfuscin'pigment in the liver,

The incidence of the haemosiderosis in natives
and of haemochromatosis, is in complete accord with
the view promulgated by Mallory as to the sequence
of events in haemochromatosis, a view which
necessitates the abandonment of the theory that
the cirrhosis is the primary event and necessarily
antecedent to the haemochromatosis,

- The sequence of events is that "haemofuscin
is deposited in the endothelium lining the
sinusoids and in the parenchymatous cells of the
liver. In the course of time 1t is changed to
haemosiderine. The transformation 1s very slow
and requires at least months and probably years;
when the parenchymatous cells are filled with
pigment beyond a certain degree they undergo
‘necrosis and the pigment is taken up by endothelial
leucocytes which often collect in numbers in the
periportal connective tissue; following necrosils
regeneration of liver cells occurs diffusely
and in islands. The new cells in turn become
pigmented with haemofuscin which later changes

to haemosiderin,

Owing to the necrosis and disappearance of the
liver cells, the stroma in places is relatively
increased in amount by coalescence resulting in
Sclerosis, In the foci where the liver cells
regenerate new stroma is formed as in a tumour,

In this way the connective tissue is gradually in-

creased in amount

After the liver cells have taken up about all
the pigment they can hold, it begins to be deposited
in the other organs and tissues, especially in the
pancreas, the cortex of the adrenal gland, the
lymph nodes in the upper part of the abdomeﬂ, the
heart, thyroid,skin of the extremities etc.

As regards the age incidence of haemochromatosis

most/



most of the cases recorded are over forty years

of age,one or two are just over thirty; the age
incidence in natives corresponds with that re-
corded for Europeans, five occurred between the
ages of thirty and thirty five, five between
thirty-five and forty, and the remainder were

over forty; in the Ewropean series the ages are

all over forty.

As regards sex incidence,'both Sexes are

lisble amongst natives, and from the percentage
~of cases in total poét-mortems they appear to

be equally liable. One would naturally expect
this to be the‘case where the factors producing

the condition are at work equally on the two sexes,

The factors which may be responsible for the

development of the pigmentation may arise in the
course of disease or may be derived from diet,

As regards the possibility of a disease factor
that’might be suggested from the slight but
definite increase in the fragility of the erythro-
cytes which has been noted among natives, particu-
larly as that is thought to be associated with con-
ditions in which there is stimulation of the reticulo-
endothelial system, 1t has been noted too that an
alteration of diet towards carbohydrate excess (7’)
is associated with an increased formation of

bile so that diet of this type may also produce

an effect on the fragility of the corpuscles,
These/



These two factors stimulation of the reticulo-

endothelial system and excess of carbohydrate in
the diet are common amongst the South African
Native. The increased fragility of the corpuscles -
is not necessarily associated with anaemia, but it
does render available more frequently the end
Products of erythrocyte destruction for combina-
tion with any substances having affinity for them.
Peyton Rougmn{aintains that the normal method of
destruction of the erythrocytes 1s by fragmentation,
poikilocytes being simply cells in process of
fragmentation and disintegration; the end product
of the fragmentation being a fine haemoglobin-
containing dust which undergoes phagocytosis.,

Phagocytosis of erythrocytes also occurs
normally and this may be increased under various
pathological conditions, but normally it is not a
dominant method of destruction of the erythrocytes,

As destruction of the red blood corpuscles is a
process Which.is continuous, there must always be
available a certain amount of haemoglobin material
for combination with substances for which it has
an affinity. Diseases which may alter the rate
of destruction of the corpuscles may render avail-
able ﬁore of the haemoglobin dust stage for such
combination and it seems to me that this 1s the
method by which disease with stimulation of the reticuloe
endothelial cells, may play a part in haemosiderosis,
in cdnditions where there is no apparent abnormality

in/



in the amount of blood destruction. At best
it can only be an adjuvant and not a primary
factor,

If one accepts the view mentioned above of the
sequence of events which leads to haemochromatosis
ferminating in bronzed diabetes, there are two
theories to be considered as to the etiology of
the condition. Firstly, that advanced by Marie
in 1895 (quoted by Mallory) that the lesions are
due to some as yet unknown toxin which is respons-
ible for the haemosiderosis; secondly that the
source of the pigment is due to a perverted iron
metabolism as a result of which the cells of the
various organs and tissues retain most of the iron
which reaches them through the circulation ~ as
some put it briefly - an increased abnormal avidity

of the tissues for iron.

Sheldon ‘%) has shown that the blood iron in
haemochromatosis tends to be lower than iIn the
normal individual and consequently that the condition
cannot be due merely to a failure of excretion of
iron with accumulation in the body for in such a
case the level of the blood iron would be raised.

Garrod‘zl) in commenting on the case reported
by him and his co-workers, mentions that the urine
and bile were alike iron-free, thus suggesting that

the failure to eliminate is due rather to the

existence/




existence of the iron_in a2 form not suitable for
excretion rathef then to defect in any special
excreting organ",
_ Mallory is inclined to support Marie's theory
and puts forward the view that the unknown toxin
suggested by Marie 1is chronic copper poisoning.
In support of his view he adduces evidence derived
from clinical histories e.g. occupation, from
food contamination, from alcohol contamination and
from experiments with copper poisoning. He has
produced pigment cirrhosis by means of copper
salts, but he also makes the observation that
chronic pdsoning with zinc will also produce
lesions similar to those produced by copper.
It is significant too, that of the cases quoted
as being expoéed to copper poisoning & number
were also exposed to zinc poisoning. The
importence of zinc in occupational disease has
been emphasised mainly in regard to metal fume
fever, an acute manifestation, due to conditions
in which the zinc is oxidised and the fumes of
zinc oxide occur in the atmosphere. This is a
common feature in brass foundries and in oxya=-
cetylene welding, in galvanising irom.
In brass foundries in America Thompson (21)
found as a result of the processes, the workmen

would inhale in the day 139 mgms of zinc and that

he/
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he would retain 69 mgms, In experimental
-animals, Drinker and Drinker,(ls) have shown "that
inhaled zinc oxide, even in large amounts 1is
rapidly removed from the lungs of the animals ....
as zinc is removed from the lungs and its con-
centration there, diminishes, the zinc concentra-
tion of the liver, gall-bladder and the bile rise:
simultaneously the zinc concentration of the
pancreas also rises as it does with zinc fed animals",
Thus in the case of brass workers, the risk
of chronic zinc poisoning is every bit as great
as, if not greater than, the risk of copper
poisoning.
Mallory mentions in support of his theory
that copper can form a cuprohemol compound in
the blood and that in some marine animals 1t
takes the place of iron in haemoglobin; a zinc
compound similar to cuprohemol has also been
demonstrated in oysters (30.) 4o that zine too
can form a similar compound in combination
with haemoglobin, and as the liver is the chilef
organ which deals with the excretion of zinc
and with its storage such a compound would
first be stored there. It would seem therefore
that though copper poisoning may produce hae-
mochromatosis, not every case of haemochromatosis

is due to copper poisoning. Zinc may be the

dominant/



dominant factor in some cases and other metals -
in other cases.

Among the South African Natives enquiries
did not reveal any possible source of chronic
copper poisoning but there is evidence strongly
suggesting the probability of both zinc and
tin poisoning. The preliminary experiments
recorded also support the view that zinec apd
tin may be factors in the production of hae-
mochromatosis, If the source of the poison-
ing is in the diet then the incidence should
be great and the record set out in the appen-
dices shows that it is great.

As regards the alcocholic factor, that is
always present in the native.

Pigment having the characters of haemofuscin
has been found in the liver (1) as the result
of intravenous injection of haemoglobin, (2)
as the result of the administration of copper, of
zinc and of tin, and a pigment resembling hae-
mofuscin, but not identical with 1t, as the
result of menganese administration.(gl') It would
appear that these metals combine with the
haemoglobin to form a chemical combination still
retaining the iron of the haemoglobin and that
this combination is stored in the endothellal
cells and in the parenchyratous cells of the

organ. After a considerable time this corbination

€
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may be broken down and haemosiderin set free

in these cells, If there is a constant supply
of any of these metals, a considerable proportion
of the 1iron in the body comes to take this form
e.g. cuprohemol, a form unsuitable for elimina-
tion and thus there would appear to be an in-
creased avidity of the tissues for iron. With
different combination of metals with the haemo-
globin, there will necessarily be differences in
the pigment deposited, which may show in minor
microscopic details, but the general features are
similar and the end result of the vital reaction
of the cells containing the pigment is haemosiderin.

The explanation of the pigmentation in Peyton
Rous's experiments with whole blood in which a
haemofuscin pigment is deposited, appears to me
to be that haemoglobin as such or parahaemoglobin
is deposited in the cells and subsequently broken
down to haemosiderin; this would bring the pigment
into line with the other haemofuscin pigments.

It seems to me therefore that the haemofuscin
pigments related to haemochromatosis may be haemo-
globin or an isomeric form of it, or haemoglobin
in combination with other substances such as copper,
zinc, tin or other metals and therefore are not

disintegration products of haemoglobin. In this

connection/
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coﬁnection a significant observation has been
made By Hall and Butt (8.) that in their experi-
ments with copper poisoning the degree of deposi-
tion of haemofuscin was in direct proportion to

-the amount of copper present.
SUMMARY.

Haemochromatosis is a not uncommon disease in
the South African Native; the chief factor in its
production appears to be in the diet, in which
there is excess of carbohydrate and probable con-
tamination with salts of zinc and of tin,

Haemofuscin is an essential feature of haemochroma-
tosis; its deposition precedes the haemosiderosis,

Haemofuscin would appear to be a pigment derived
from the combinatidn of haemoglobin with metals
e;g.'copper, zinc and tin; it thus contains 1iron
in combined forms. After a period in the cells
the pigment may be broken down and haemosiderin
set free; this period apparently varies 1in different
animals and with different metals.

In its formation, haemofuscin necessitates the
abstraction from the blood of haemoglobin, and its
conversion into a form unsuitable for the easy
liveration of the contained iron. This would

explain the lowering of the level of blood iron, and

the diminished excretion of iron, a proportion being

in/
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in the form of haemofuscin and unsultable for
elimination;

The development of the complete picture of
bronzed diabetes depends on the degree of
deposition of the pigment and the rate of its
deposition., In mild cases pigmentation alone
may occur, this was seen in the younger natives;
in slightly more severe cases, somée cirrhosis
may be added and so on until the complete picture
is produced, All stages have been noted in the

South African Native.
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APPENDIX I,

This is a record.of autbpsies from
January 1925 to September 1928; it includ-
es the sex and age of the cases, the inci-
dence of haemosiderin and the cause of
death.

The incidence of haemosiderin is noted
in the liver, spleen and lymphatic glands,
and also under the heading "alia" where the
pigmentation is co-extensive with that found
in haemochromatosis.

The record is not complete in respect of
the haemosiderosis as systematic tests were

not carried out in the earlier cases.

Arbitrary signs used in the appendix are

related to the presence of free iron in the

organs.,
+++ = very marked to marked.
++ = marked.
+ = slight but definite.
+ = trace.
- = negative,

o = not examined,
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189
216
223
233

259

283
303
318
323
324
399
440
501
519
553
571
575
637
641
678
680
720
721
722
727
740
741
766
771
785

Number of Cases of Haemochromatosis

or of Extensive Haemosiderosis

Female
Male
Male
Fema le
Female

‘Male

Male

Female
Male
Male
Male
Male
FPemale
Male
Male
Male
Female
Female
Male
Male
Male
Male
Male
Female
Male
Male
Female
Male
FPemale

Female

Mele
Male

Carcinoma of liver
Influenzal nephritis

Lobar pneumonia

Puerperal septicaemia
Generalised tuberculosis
Suppurative pyelonephritis -
Cirrhoszsis of liver
Tuberculo-silicosis -« Chronic
Nephritis

Arteriosclerosis -~ Cirrhosis of liver
Lobar pneumonia

Lobar pneumonia

Pulmonary tuberculosis

Pulmonary tuberculosis

Influenzsa

Cercinoma of liver -~ Cirrhosis
Pylmonary tuberculosis

Lobar pneumonia )

Generalised tuberculosis

Pelvic abscess

Splenlc abscess

Tuberculous pleurisy

Carcinoma of oesophagus

Lobar pneumonia

Arteriosclerosis

Broncho-pneumonia

Carcinoma of liver

Dysentery

Haemochromatosis -« Broncho-pneumonisa
Pontine haemorrhage

Carcinoma of pancreas

Mitral Incompetence

Malaria

Pulmonary tuberculosis



APPENDIX 1I.

The results of "fragility tests" on
50 European Cases
and

260 Native Cases



EUROPEANS,

Result.,

No.of Case

of Case Result,

No.

0.42%

Average fragility

Max imum fragility

0.445%
0.40%

-
e

Minimum fragility
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SHANGAANS.
Age Result No.
36 0.45% 29
27 0.46% 30
o7 0.46% 31
40 0.465 32
30 0.46 33
23 0.45% 24
25 0,48 35
22 0.445% 36
24 0.455% 37
24 0.43 39
35 0.46 41
23 0.43% 42
28 0.45% 43
26 0.457% 44
o3 0.45% 45
28 0.435% 46
25 0.43% 47
30 0.435% 48
28 0.455% 49
o5 0.46% 50
20 0.43 51
40 0.45% 52
25 0.432% 58
25 0.455% 54
20 0.445% 55
35 0.455%

Average Age 27.78

Average fragility
Maximum fragility
Minimum fragility

Ages 20 - 30

Average fragility
Ages 30 - 40

Average fragillity

W

0.441%

0,449%

Result

0.445%
0.465%
0.455%

¢ o o o o
&N&&N

[ ]
o

O 00 OV
QR

GI#NCHOBC)!\C%\I\DNNC”OI
()

L ]
S

o
3
L=

[eJoReNoReRsYolaoloNoRooRoloYo oo No
L
W R B P P P D D B D P

N
(34
3

[ 4

o



 XOSAS
NO. Age Result No. Age Result
1 30 0.427% 20 45 0.435%
2 28 0.43% 21 25 0.435%
3 34 0.455% 22 22 0.415%
4 25 | 0.428% . 23 22 0.44%"
5 25 043% ~ 24 27 0.45%
6 40 0.46% 25 32 0.44%
7 45 0.432% 26 22 0.43%
8 38 0.415 a7 30 0.435
9 34 0.43 28 28 0.43
10 20 0.42% 29 27 0.46%
11 25 0.425% 30 24 0.43%
12 22 0.45% 31 48 0.45%
13 24 0.41% 32 22 0.43%
14 44 0.435 33 40 0.455%
15 24 0.43% 34 23 0.435%
16 28 0.415% 35 24 0,432
17 28 0.41;% 36 30 0.40%
18 35 0.46% 37 22 0.425%
19 28 0.44%
Average Age 29.46 years
Average fragility = 0,434
Maximum fragility = 0.46
Minimum fragility = 0.40%
Ages 20 «~ 30
Average fragility = 0.422%
Ages 30 = 40
Average fragility = 0.438%
Ages 40 - 50
= 00438%

Average fraglility



=2
DOTONBWN - |0

. MCHOPI
Age  Result No. Age Result
33 0.448% 15 23 0.455%
25 0.45% 16 23 0.432
26 0.45% .17 20 0.40%
25 0.44% 18 30 0.42%
50 0.455% 19 38 0.43%%
25 0.445% 20 30 0.44
26 0.435% 21 23 0.44%
26 0.435% 22 25 0.445%
20 0.43% 23 46 0.41%
22 0.46% 24 22 0.43%
39 0.445% 25 40 0.445%
25 0.44% 26 28 0.45%
24 0.415% 27 24 0.438%
25 0.455%
gverage Age 27.55 years.
Average fragility = 0.439%
Maximum fragility = 0,465
Minimum fragility = 0.40
Ages 20 - 30
Average fragility = 0,439%
Over 30 years.,
Average fragility = 0.439%



NYAMBAAN
No. Age Result No.
1 22 0.43% 13
2 25 0.43%% 14
3 22 0.43 T 15
4 23 0.43% 16
5 28 0.43% 17
6 23 0,426% 18
7 25 0.41% 19
8 25 0.44% 20
9 24 0.44;% 21
10 28 0.41% 22
11 22 0.42%% 23
12 28 0.43

Average Age 29.78 years

Average fragility
Maximum fragility
Minimum fragility

Ages 20 - 30

Average fragllity

Ages 30 = 40
| Average fragility

—-—
-—

i}

Age Result
26 0.405%
24 0.41
2‘7 0.425 (o]
28 0.40
40 0.435%
40 0.43
34 0.455%
20 0.415
36 0.44
55 0.46
40 0.41%

0.42%%

0.46
0.40%

0.423%

0.434%
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PONDO
Age  Result No. Age Result
33 0.41% 12 24 0.432%
32 0.46% 13 24 0.44;%
19 0.43% 14 25 0.45%
22 0.45% 15 32 0.42%
35 0.45% 16 25 0.415
22 - 0.44% 17 27 0.43
25 0545%% 18 39 0.43%
30 043 19 36 0.44%
30 0.44% 20 24 0.44%
32 0.45% 21 28 0.425%
g2 0.455%

Average Age 27.9 years

Average fragility =
Maximum fragility = 0,46
Minimum fragility =

Ages 20 - 30

Average fragilityz 0.,439%
Ages 30 - 40

Average fragility = 0.436%



MSUTU
No. Age Result No. Age Result
1 30 0.43% 11 45 0.445%
2 23 0.44% 12 38 0.455%
3 27 0.435% 13 30 0.443%
4 28 0.45% 14 26 0.45%
5 32 0.43% 15 20 0.43%
6 20 0.455% 16 25 0.43%
7 27 0.415% 17 26 0.42%
8 26 0.46% 18 37 0.40%
9 26 0.43% 19 25 0.42%
10 26 0.445% 20 26 0.415%
Average Age 28.65 years
Average fragillty = 0.434
Haximum fragility = 0.46
Minimum fragility = 0.40%
Ages 20 - 30
Average fragility = 0,435%
Above 30 years
Average fragility = 0.433%



SWAZI
No. Age Re sult
1 26 0.45%
2 28 0.443%
3 28 0.405%
4 30 0.43%
5 30 0.43%
6 43 0.48%
7 26 0.46%
BECHUANA
O, Age Result
1 38 0.415
2 28 0.46
3 25 0.46%
4 24 0.40%
5 35 0,435
6 22 0.42
Fingo 1 32 0.43%
Tongsa 1 24 0.,43%
Molotse 1 34 0.42%
Unknown 1 28 0.42%



APPENDIX TIIT

Pfhe incldence of haemofusein in a

short series of Native Cases, -



No. Sex Age Haemofuscin Haemoslderin

1 F, 38 + +
2 F. 3/52 - -
3 M. 44 + +
4 M. 35 + +
5 Mo 50 + +
6 M. 36 + +
9 . 27 + - 1
10 ., 40 + +
11 F. ? * -
12 M. 30 & -
13 M. - + +
14 M. 30 + +
15 M. - + -
17 F. 32 + +
18 M. 60 + +
19 F. 21 + +
20 M. 55 + +
21 M. 30+ - -
22 M. 19 + +
23 M. 38 + +
24 M. 31 + +
25 F. 30 + +
26 M 40 + +
27 M. 39 + +
28 M. 37 + +
29 M. 21 + +
30 M. 20 + +

Fifteen other cases, mine boys were tested;
theif ages are not available but the majority were
under thirty, all of them showed traces of haemo-

fuscin, four showed appreciable quantities,



APPENDIX NO. IV.

Abstract of Experiments on

Rabbits with metallic salts ( Tin, Zinc/Copper)



Rabbit No., 1l:= (Stannous Chloride with

Methylated Spirit).

Animal kept under observation and weighed
daily for a fortnight before éxperimeﬁt begun.

Experiment begun on 9/11/26 when animal
weighed 3,310 gus .

Rabbit fed on ordinary diet for laboratory
animals and in addition received solutbn of tin
chloride six days of the week, and methylated
spirits on two days of the week.,

Daily dose of tin chloride solution was
0.1 c.c, of a ten per cent solution of
stannous chloride; this was made up to 1 c.c.
in a pipette with distilled water, The dose
was’administered by pipette into the rabbit's
mouth and care taken to see that the whole
dose was swallowed,

The amount of tin in the daily dose was 5,3
mgms . The dose of methylated spirits administered
was 1 c.C. The total quantity of tin administered
throughout the experiment was 1,054 gms., The
total amount of methylated spirit administered was
.32 c.C8,

The experiment ended on 11/7/27 when animal
weighed 3,220 gms,

The/



The animal was maesthetised and killed with
chloroform.

Post-mortem examihation was carried out at
once.,

No obvious abnormality was detected. Tissues
were fixed in formalin and sections taken for

histological examination.

Rabbit No., 2:- (Zinc chloride with Methylated Spirit)

Animal kept under observation and weighed daily
for a fortnight before experiment begun.

Experiment begun on 9/11/26 when animal weighed
2.400 gms. |

Rabbit fed on ordinary diet and in addition
recelived solﬁtion of zinec chloride six days of
the week and methylated spirits on two days of
the week.

Daily dose of zinc chloride solution was 0.1 c.c.
of a ten per cent solution of zinc chloride; this was
made up to 1 c,c. in a pipette with distilled water.
The doserwas administered by pipette as In the case
of Rabbit 1.

The amount of zine in the daily dose was 4,8 mgms.
The dose of methylated spirits was 1 c.c.

The total quantity of zinc administered was 0.835 gm.
The amount of methylated spirit administered was
24 c.cs,.

During the experiment the rabbit became pregnant

and/



and gavé,%irth to four young that survived and
thrived. |

The zinc administration was stopped from
4/12/26 to 6/1/27. when it was recommenced.

The experiment ended on 11/7/27 when the animal
- weighed 2560 gnms,

The animal was anaesthetised and killed with
chloroform,

Post-mortem examination wasg carried out at
once., No obvious abnormality was detected.

Tissues were fixed in formalin and sections
taken for histological examination.

Rabbit No. 3:- (Copper Sulphate with Methylated Spirit)

Kept under observation for a period before
experiment begun.,

Experiment begun on 9/11/26 when animal weighed
2,180 gms.

Fed on ordinary diet and in addition given dailly
0.1 c.c. of 10% solution of copper sulphats on
six days of the week; also,1 c.c, of methylated
spirit on two days of the week,

Amount of copper in the dose of copper sulphate
solution was 2,5 mgms.

12 doses given making total of 30 mgms in
12 dayse

Animal died on 25/11/26 when it passed blood

in the urine,

Post-mortem/



Post-mortem examination within half an hour
of death revealed a haemorrhagic nephritis.
From this it was assumed that the dose of'
copper sulphate was too toxic for the animal
concerned and consequently in experiments 6
and 7 the dose was diminished.

Rabbit No. 4 := (Stannous Chloride).

This animal was one of the four young from
rabbit 2, and it was kept under observation
until experiment begun on 13/7/27. Unfortunately
ten days after the-commencement, its hind leg was
broken and the animal‘was anaesthetised and killed
It was receiving a daily dose of 5.3 mgms of
tin in the form of stannous chloride. No
alcohol was given, Tissues were taken for
examination as in the other rabbits.

Rabbit No. 4A.:= (Stannous Chloride).

This animal was substituted for No, 4,

The experiment began after a preliminary
period of observation on 10/8/27 when the animal
weighed 1950 gms.

The animal was fed on ordinary diet and in
addition received 5.3 mgms of tin in the form of
stannous chloride daily on six days of the week,

The experiment lasted till the 7/9/28 when the
animal was anaesthetised and killed by chloroform,

It then weighed 2,250 gms and was in good condition,

Post-mortem/



Post-mortem examination was made at once
and the tissues fixed in formalin, Sections
were prepared for histological examination,

The total amount of tin administered to
the rabbit over the period of thirteen months
was 1.765 gms,

Rabbit No, 5:~ (Methylated Spirit)

Experiment was begun on 13/7/27 when the
animal weighed 2,100 gms, '

In addition to the ordinary diet this
rabbit received twice weekly a dose of 1 c.c.
of methylated spirit. administerd by pipette as
in the other rabbits.

The total amount of spirit given was 123 c.cs.
The experiment was ended on 6/9/28 when the
animal weighed 2,100 gms and was in good con-
dition.

Post-mortem was performed immediately and
tissues preserved in formalin for histological
examination,

No abnormality was detected macroscopically.

Rabbit No, 6:~ (Copper sulphate with Methylated Spirit)

This animal was kept under observation from birth
and experiment was begun when it was about seven
months old.

It then welghed 1,400 gms,

In addition to ordinary dilet it received daily

for/



for six dﬁys of the week 0,1 é.c. of a one

per cent solution of copper sulphate and twice
a week 1 c.c. of methylated spirit., The
experiment lasted till the 21/9/28 when the
animal was anaesthetised and killed by chloro-
form; it then weighed 1,690 gms.

After 49 doses of the copper sulphate the
animal became sickly and the experiment was
stopped for two weeks and then recommenced,

The dally dose of cooper was 0,25 mgm,.

The total amount of copper administered was
’86.5 mgms o

The total amount of spirit administered was
94 c.c.

No obvious abmormality was detected post-
mortem and tissues were preserved in formalin
for histological exXxamination.

Rabblt No. 7:=- (Copper Sulphate)

This animal was also kept under observation
fiom birth and the experiment commenced when _
1t was about seven months old on the 13/7/27.
when 1t weighed 1,420 gms;

Apart from the methylated spirit which was
not administered, this experliment was the same
as in No. 6 with the period of intermission after

49 doses of the Copper sulphate,

The/



The daily dose of copper was 0,25 mgm.

The total amount administered was 86,5 mgm.

The animal was anaesthetised and killed with
chloroform on 21/9/28 when it weighed 2,120 gms.
At the post-mortem no obvious abnormality was
detected and the tissues were preserved in formalin

for histological examimation.



APPENDIX V.

Copy of Information received from

Criminal Investigation Department, Johannesburg,

by Professor J.M. Watt, Pharmacology Department,

University of the Witwatersrand.

KAFFIR BEER: "Umgomboti".

The beer in question is made of Kaffir corn and
mealie meal.

The Kaffir corn 1s soaked for two or three days
and when the graln commences to sprout, it is taken
out of the water and allowed to dry - sun dried for
preference.

This is then known as "Umtombo" or malt; the malt
is thence ground into coarse meal, the grain being
merely broken, this is then cooked into & thick
porridge, when cooked it is placed into drums or
barrels and allowed to cool off. When cool a very
soft porridge of raw mealie and Kaffir corn meal is
added, thence the necessary proportion of luke warm
water according to the quantity of the Malt or Umtombo.

It is then allowed to stand for two or three days
fermenting; after the fermentation it is strained and fit
for consumption.

The liguor in question is a favourite beverage
for the Cape Colony natives, Zulus and Swazis and
even Basutos, )

SKOKIAN.

Skokian is prepared by means of wvarlous yeasts such
as the yeast obtained at the Breweriles, Hattingh's yeast
and compressed yeast.

A cake or two of yeast placed into a 4 gallon tin
of hot water, sugar and syrup added and allowed to
stand about four hours until it commences to ferment -
an airtight uvtensil is preferable, as this causes a
quicker fermentation. A quantity of Kaffilr corn malt tied
in a cloth and placed into Skokian gives it a better
taste or kick.

Methylated spirits, pineapples, grapes and stale bread
are also added.

QALT



QALI.

Qall is prepared by means of a Hottentot fig
known as "Insema"; the root is very bitter and
is boiled several times to reduce its strength
and bitterness, when the strength is sufficiently
reduced, either black or white sugar and syrup
are added,

About 4 gallons of luke warm water are added and
allowed to cool off, the process taking about 24
~hours, when it is ready for consumption.

The taste of Qali is bitter and it is a highly
intoxicating beverage.

STGOMFANA .

Two blocks of yeast and asbout 5§ to 6 pounds of white
sugar or black sugar to 4 gallons of luke warm water.

A rag containing Kaffir corn malt is placed into
the utensil when fermenting, the object being to
give it a Kaffir corn flavour, pineapple and even
boiled potatoes are added, this is done merely for
flavouring purposes.

Sigomfana is a highly intoxicating drink.

White Sigomfana is also prepared as Sigomfana - white
sugar only being used.

The principal ingredients are yeast and white
sugar; this liguor is also intoxicating, the strength
depends on the amount of the yeast added.

The time allowed is 5 to 6 hours for fermentation;
this is known as "Igwebu" and White Segumfana.



Copy of Notes from Carl Faye,

Department of Native Affairs, Maritzburg.

is'ko'keyana

(isi'ko'keyana,
ejective k).

\ igwebu
(11igwebu
implosive b).

insema

isqgattavit'l
(isigattavit'i
aspirated t).

isk'welek!anda
(isik'welek'anda
aspirated k).

umgombot i
(wmgombot'i
aspirated t).

isgomfane
(isgomfane)

umz exa
(umuzexe)

ig'ali
(i1iq'ali)

igcobozi
(iligcobozi)

yeast inpregnated froth, obtained
from the Breweries of white people,
from which a liguor 1s made by
Natives by mixing with water and
sugar or syrup. The water is first
warmed, and then thoroughly sweet-
ened with the sugar or syrup, before
the yeastly froth is added. The
name 1s used for both the froth and
the liquor.

the same.

bulbous root of a ground euphorbia
(E.pugniformis and E.bupleurifolia,
according to Bryant). The bulb is
skinned, pounded and dried and then
ground into a vile potent drink by
mixing with warm water sweetened with
sugar or syrup. Insema is the
universal Zulu name for the bulb
(each plant has one bulb only; it
is largely used for a popular game
among Zulu boys); the name has now
also come into use for designating
the liquor made from 1it.

the liguor made ffom the insema.
Name first used as euphemism for
insema-~-ligquor.

the liquor made from the insema.
First used as euphemism.

X'oza and Sut'u for Zulu u'cwala,
beer,

Buphemism for is imeyana.
the same.
the same - vowels as in imali,

money.,

Swazl amabele beer,

The/



The meaning of these names are self-evident,
but to save the trouble of writing them out, I give
them here as briefly asg possible

is'ko'keyana from 'ko'ka = 'ka'ka,= surround, hence
that which surrounds or isolates the
senses; the ending eyana indicates
a subtle agent here.

igwebu = froth.
insema - 1s descriptive of the bulb.
isgattavit'l = that which is blinding and over-

powering, from qgat'a, arrive at,
reach, alight gupon (the eyes,
understood), and vit'i (vit'iza)
that which renders totally helpless,

iskt'welek'anda

"

that which climbs upon the head,
"goes to the head".

umgombot'ti

that which makes the belly protude.

isgomfane = that which bows down (a person,
undefsood, inducing prostration).

umzexe

= that which cuts; refers to the "bite"

and "kick" of the liquor.

ig'ali = that which induces stiffness, a
cataleptic condition,

igcobozi from the shape and size of the vessel
in which it 1s served: fromgcoboza,
dip.

istimeyana ="Intoxicating drink made with treacle

(the name corrupted from machine)" --
according to Colense.

isi Imeyana The neme in the Zulu mind is also
associated with ulut!'i shime, to
thrust oneself into the grass, to
plunge into a maze, bog.
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