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DEATH AND THE PLOUGHMAN
Drawing by Holbein (1497- 1543)

Holbein’s striking representation of the ever-watchful death figure has a
significance, 400 years later, that will not escape the readers of this book.
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FOREWORID
By ALLAN FRASER, M.D., D.Sc

I cosmess to finding this, the most recent book by Andeé Voisin, intensely
interesting. Its title might suggest supenfiicially the speculative food
faddist or the pseudo-mediical crank at his very worst. In my opinion,
André Voisin is neither a faddist nor a crank. His “ rational ™ system of
grazing, apparently the most highly productive method of grassland
ranagement ever designed, is sufficient proof of his practical capacity,
Although in both his reading and his thought (and let it be understood
that he is both extraordinarily widely read and an original thinker) Voisin
covers a variety of apparently diverse subjects—soil science, biocheristey,
plant physiology and medicine—it seems to me that his general apptroach
to all biological problems is that of the intelligent and observant farmer.
Now, my experience of both teaching and research in agriculture has
given me an ever-increasing respect for the views of the intelligent and
observant farmer. I use the words “ intelligent and observant ” with
purposeful deliberation because, of course, admittedly, one meets with
many farmers who are neither. Yet I am convinced that, on the whele,
farmers are more intelligent and observant than the average agricultural
scientist, the most probable reason being that while a farmer whe makes
momentous blunders soon becomes bankrupt, an agricultural scientist
may secure at the best honour and promotion, at the worst superannua-
tion, before his errors are found out!

It is possibly because Voisin is essentially a farmer with his outlook
based on the traditional wisdom of the peasantry of his native France
that, sometimes against my scicntific judgement, T find myself so much in
agreement with many of his ideas. On the very last page of the text,
as though terminating a scientific dissertation with a Confession of Faith,
Voisin writes: * This is the scientific philosephy that 1 have evelved for
myselff through watching my cows at grass,”

My sympathy wiith many of Veisin’s frankly speculative views may well
be due to the fact that while I have kept watch over sheep in Scotland
he has kept watch over cows in France. The intelligent observation of
livestock in the field forms—I am certain of it—one of the soundest
apprenticeships to biological science. 1t is one way, and there are not .
so very many other ways, of keeping sigiht of the woed through a mist of
trees.

Without a dowbt, the healith of both animals and men is Jinked fo the
miineral balance of the seil. The realisation of that fact is neither new
nor specific to Veisin. Much off the argument contained in this book was
stated on rather difffarant evidence but with egual force by McCarrison.
The reputation off the Rowett Institute ot Aberdeen was founded on Om’s
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vi Foreword

earlier researches on that very subject. 1 can recall evening sessions in
the sparsely furnished sitting-room of an Argylishire hill sheep farm
away back in the early 1930s when a group of four men were discussing
this very problem with equal earnestness and, without any disrespect to
André Veisin, possibly with an even profounder knowledge. Those
four men were Df. John Orr (now Lord Boyd Orr), the founder and
originator of the World Food and Agriculture Organisation; the late
Professor J. J. R. Macleod, a co-discoverer of insulin; the late Professor
T. J. Mackle, of the Chair of Bacteriology in Edinburgh University;
and my humble self. As a relatively young man I had the privilege then
of listening to the fascinating speculations of three very learned and
distinguished scientists on the relationship of the minerals in the soil and
of those in the blood; of the connection between the biechemistry of
nutrition and that of immunology, of the future possibilities of that very
“ protective ” medicine on which Voisin founds his hopes.
1 dodoonatcedtalledréap noamancapapéeifibal iy emdotieedr atisdissiehed.

It is a long time ago now, and 1 may well have forgoiten. If, as Veisin
suggests, the control and prevention of cancer lies in a better under-
standing of human nutrition it would indeed be a notable advanee. The
modern treatment of cancer is admittedly unsatisfactery, at its best
palliative and symptomatic, at its worst a progeessive muttlatien. It
would, therefore, be a very good thing were Voisin’s hypethesis proved
true. I should be guilty of hypocrisy, however, were 1 not to confess
that I still find that hypothesis just a little too simple to be altogether true.

University of Aierdeen ArLan FRASER
May 1959



FOREWORD
By H. M. SINCLAIR, D.M., MAA.. B.Sc, M.R.CP., LMSSA.

T'HeRe is little doubt that human nutrition is the most important problem
eonfronting mankind at the present time. The problem is one of both
quantity and quality. It is estimated that at present two-thirds of the
world’s population, of 2,800 million, are underfed and this population is
increasing by geometrical progression at a rate that will double it within
50 years. There are also problems of quality, for the more privileged third
of the world's population increasingly consumes processed and sophisti-
cated foodstuffs.

In order to keep pace with the increasing population and to try to elimi-
nate the hunger that already exists, more food must be produced and made
available to the people who need it. This can be done by making one blade
of grass grow where none grew before—by bringing new lands into cultiva-
tion; or it can be done by making two blades grow where one grew before
—Dby increasing yield of foodstuffs through better agriculture, better seeds,
fertilisers, pesticides. All these practices create problems. Intensive agri-
culture removes elements from the soil—which may be naturally deficient
in required elements, as Swiss soil is in iodine—and chemical fertilisers
often do not necessarily replace what is removed; further, as M. Voisin
shows, they may create imbalances. Substances may accumulate on the
soil or in the crops grown upon it, such as cestrogens fed to cattle or
insecticides sprayed on plants. It is estimated that in the year 1951 the
quantity of pesticides produced in the United States was sufficient to kill
six times the population of the world. Antibiotics, injected into animals
before slaughter or applied to the udder of the cow to treat mastitis, appear
in human food; tranquillisers given to hens or cows or steers pass
into eggs or milk or beef. Manufacturers of food make it attractive by
adding flavours and colouring substances, and preserve it in various
ways to increase its shelf-life and enable it to be shipped around the
world. We have littie idea of the effect on man of some of these various
practices.

M. Voisin informs us that this book is a preface to a larger work on
The influence of the soil on the metabolism of the living cell. This is a subject
we know little about. Further information is urgently needed. The need
is twofold: first, to collect and integrate existing knowledge; secondly, to
supply by research the tremendous gaps that exist. It is absolutely essen-
tial for the world’s economy that we use chemical fertilisers, and use them
increasingly; pesticides and other agricultural advances are also essential.
But, as Sir Robert McCarrison and others have stressed in the past, we
must waich what we are doing. M. Voisin has put together much recent
information in this book; not everyone will agree with his provacative

vii



viid Foveword
conclhisions, but he states the: evidence for them so that these interested in

this iraportant subject of the soil and human autrition can read further and
form their own conclusions.

Megdialen College H. M., SiNcLAIR
Oxfford
June 1359
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To the Reader

It is my hope that this book should be intelligible to the educated
reading public with no special scientific or technical background.
Equally, however, would I wish it to be read by those with a scientific
training, not only as a matter of interest but also as a source of in-
formation. What is presented, therefore, is neither a grossly popular
version nor a highly specialised work.

With these two groups of reader in mind certain chapters have
been marked for the attention of, or omission by, either the specialist
or non-specialist. The non-specialist reader may be content with
omitting such text as is marked for the specialist and overlooking foot-
notes except where they provide useful explanations of scientific
terms he may not understand. Likewise he may omit certain chapters,
for, as is stated at the beginning of these, their reading is not essential
to the understanding of the succeeding chapters. Tables and chemical
formula, all of which are separate from the text, may also be omitted.
The scientific reader, on the other hand, will be able ta, and no doubt
will, read the entire contents. His indulgence with certain footnotes
explaining words familiar to all specialists is requested: these are
intended for the general reader and are marked thus: (¥).

Bracketed figures thus (338) signify numbered bibliographical
references at the end of the book.

The scientific reader may frequently be disappointed at not finding
fuller information on a subject in which he is particularly interested.
Some of such demands for further information may be met by my
next extensive work on “The influence of the soil on the metabolism
of the living cell”, to which this present volume is but a preface.

a xvii






CHAPTER 1
“Remember that you are dust”

The “dust” of our cells is the dust of the soll

WE should frequently meditate on the words of Ash Wednesday:
“Man, remember that you are dust and that you will return to dust.”
This is not merely a religious and philosophical doctrine but a great
scientific truth which should be engraved above the entrance to every
Faculty of Medicine throughout the world. We might then better
remember that our cells are made up of mineral elements which are
to be found at any given moment in the soil of Normandy, Yorkshire
or Australia; and if these “dusts” have been wrongly assembled in
plant, animal or human cells the result will be the imperfect function-
ing of the latter.

The living organism Is the biochemical photograph of the
environment

Our ancestors were well aware of the fact that it is this “dust” of
the soil that finally determines vigour and health. At a time when
metabolism, enzymatic functions, etc., were unknown, what they
said was that “the animal is a product of the soil”.

Then, as now, certain areas were famous for stock-rearing, whether
cattle or horses. It was a recognised fact that a Percheron horse re-
moved from the French soil of Perche radically changed its character
within a few generations. In the Ukraine I myself saw Percherons
which had been imported at the beginning of the present century and
pure-bred since. They still had much of the conformation and charac-
teristics of the Percheron, but were hardly any bigger than the
Cossack horses.

The belief of our grandparents that “the soil makes the animal” can
be expressed today in mote modern terms, which, however, are no
more than a copy of the words of old. “The organism (animal or
human) is the ‘biochemical photograph” of the environment in which
it lives, particularly of the soil which manufactured the nutrients
for it.”

1



2 SOIL, GRASS AND CANCER

Dificulties of studying the influence of the soil on Man

This “biochemical photograph™, unfrtinatedly, is going to be

i diffficult to obtaim in the case of Mam. For it is not a

matter of a single photograph but of a whele photographic collection
involving many pictutes of very different envitonments.

Modetm civilisation has multiplied means of tramspott, with the
tesult that our diet today includes wheat from Canada, oil from
Senegal, otanges from Spain, etc. Our cells therefore contain minetal
elements originally existing in the soils of all these various countrigs.
The titne for people living in small rurad cormunities and making do
with the produce of their own fields and the water from their own
sptimgs for their sustenance is past. In these days it was easy enough
to track down the deficient local “dust” giving rise to malfunctioning
of the human cells and causing goitre, for example. It is much raore
difficult today to determine the influence of the soils of England,
Senegal, Spain, etc., in causing disorders in the functioning of the
cells of one man or group of men.

Grass provides a ‘‘biochemieal photograph” of the soil

It will always be difficult, thetefore, to see what relationship exists
between the sail and cell metabolism in Man.

But we are lucky in that grass establishes a close connection be-
tween soil and animal, generally for eight months in the year. This
relationship reveals the profound influence exercised by the soil on
cell metabolism in the animal, which is very similar to cell metabolism
in Man.

Thanks to grass and the grazing animal we will be able to get a
splendid “‘biocheraical photograph™ of the soil. And grass will be the
means—and an admirable one at that—used to show, from diffierent
and often unexpected points of view, how the elements of the soil
control the functioning of our cells.

The search for general primciples

The fiifity examples or so given here have been chosen from among
those cited in my lectures delivered 2t the National Veterinary College
at Alfortt (Paris). No attempt will he made to go into each of these
examples in detail. The primary @im is to draw 2 general principle
firom each on the lbasis of which it should then lbe possible to auntici-
pate, wiith reasomable probability, the lews off profective medicine,
tihat great medical science of the future.



“Remember that yoi are dust™ 3

Philosophy of biological science

‘The words “with reasonable probability” are expressly used, for the
unknown here will occupy infinitely more space than the known facts.
Biological science is still young, and in speaking of the little that we
know, we should keep our eye fixed on the innumerable facts of
which we have no knowledge whatever.

WHAT ONE DOES
NOT KNOW

AT ONE KNOWS

“The value of what one knews Is doubled if one confesses to
not knowing what one does not knew. What one knows Is
then ralsed beyond the suspicion te which it Is exposed when
one elaims to know what one does net know.”

SCHOPENHALIER.

Fic. 1, My philesophy of biologiecal science—eompare with the werks
of the British pioneer of soil science, Sir John Russell, speaking in
Londen in 1958: “While we have learnt a lot in the last fifty years
the most important thing we have learnt Is that the part of nature
that we do not knew s infinitely gteater than the little bit of it that
we think we de.”

Figr. 1 illustrates the philosophy which, to my mind, is indispens-
able to progress in biological science: the small dot represents what is
knowmn, while the large black circle is the symbol of everything as yet
unkrown. If progress is to be made in the biological sciences the:
large circle must be the object of much mote attention than the swall
dot.
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Assembling “the dusts™ of the soil

In 1897, for the first time, Gabriel Bemrand of the Aeadémie
d"Hgriculture, succeeded in showing that a “dust™ of the soil, that is
to say a mineral element in trace form, was essential to the function-
ing of living cells. All observations have since confirmed this
discovery.

An attempt will be made in this book to show how *‘dusts” of the
soil are *“assembled, bolted and screwed” to form the cells of our
body and allow them to function. The special aim will be to demon-
strate how illness can be due to an upset in the balance of this
“assembly”.



CHAPTER 2

The mineral element of the soil modifies the
composition of the organic matter of
the plant

The “Ash Mentality”

I~ order to judge the effect of a mineral element on the quality of the
plant, the variations of the content of this mineral element in the
plant are determined by examining the residual ash of the plant after
being burned. For example, phosphate is applied to the soil, and the
extent to which the phosphate content of the grass is increased is
measured. If the content of phosphate of the grass increases, it is
accepted that it has a higher nutritive value for the animal, as it will
consume a food richer in phosphate (with certain reservations con-
cerning other factors).

This conception of the analysis of the mineral elements of the
plant has been called by Albrecht (2, 26, 335) (Director of the Soil
Department of the University of Missouri): T&lsh Mentality".

It is probable that the American scientist in using the word “ash”
has, with good reason, wished to suggest the idea of death, to which
he opposes the “Living utilisation theory".

It is this “living” theory, which I shall try to explain, showing
how the mineral matter of the soil modifies profoundly the organie
matter and the metabolism of the cell, vegetable or animal.

Tryptophan

It is known, protein is constituted from amino-acids. One might
say that the amino-acids are the bricks from which proteins are con-
structed. In order not to complicate the question and for the benefit
of readers without a knowledge of biochemistry, I will deal with only
three amino-acids, firstly, tryptophan and, subsequently, the two
amino-acids containing sulphur, namely, methionine and cysteine.
(See formulas in Figs. 2 and 3 on p. 6.)

5
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Thypoopten is what s called am essential anmime-amid, tthait is to sy,
am amime-acid wihitch the: amimel or Hmn must find neady-meddke im the

(I:H ~OC00H
NH,
|
H
Tryptopham |ndole-acetic aciid

Fig. 2, Formullss of tryptophan and indole-acetic acid.

food because their cells are incapable of synthesising it, which the

plant cell can de.
From the point of view of the plant, it is necessary to emphasise

%_ GHJ
g
Clp,—S5H CIIHIj S-—ﬁ.?H, ?H?
CH.INH; CH.NH, CHHNNH, CH.NH,
I I
OCH COQH GIImEH QOH
Cystein Cystine Methianine

Fig. 3. Formulas of sulphur-containing amino-acids.

that the formula of tryptophan (indole-alanine) is very close to that
of indole-acetic acid, which is the growth hormone of plants.(*)

We now proceed to show how the mineral elements of the soil
modify the tryptophan comtient of the plant.

Infuence off caleium and phosphorus on the content of
in agrostis

Table Lon p. 7 shows that with 2 small application of phoesphorus
amd cdlbivm to the soil & gram off dry matier of sgrostis comtains 138

(*) This hermone can imdiec be prodiueat] by e plant fiom trypiopia, ks
to eatiAin ansyne medionians. This i, for example, prowed in ® diple epaii-
moends| rannarn. Wihen iinnuteted widier aeudiiic conditions, leaxes ii
withh trypeicpiieon ke carditawtble quesmiditdies off i is-asaic agtl in st tivme.
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mg. of tryptophan (335). But if we apply to the soil greater
quantities of phosphorus and calcium the content of the dry matter
in tryptophan increases to 2-65 mg.—almost double the amount.

T able 1

Influence of calcium and phosphorus on the tryptophan content
of agrostis

Phosphorus content of the soil

Calcium content of the soil High Medium

Milligrams of tryptophan per gram of

dry matter
High 2-65 2°38
Medium 2-21 1-88
Low 2'09 1-38

From Sheldon (335),

We, therefore, can better understand that the application of basal
dressings of fertilisers allows more vigorous growth of the grass, since
the application leads to a higher content of tryptophan and con-
sequently a higher content of the growth hormone (indole-acetic acid),
which manifests itself by an increase in yield.

The calcium and phosphorus have modified the organic
matter of the grass

We have in this first example a confirmation of the fact that grass
has its organic matter, that is its own cellular structure, modified by
the application of calcium and phosphorus to the soil.

This is a much more important phenomenon than the modification
of the calcium and phosphorus content of the grass as a result of the
application of these elements to the soil.

Another example of this influence is given below.

Trace elements—factors in the manufacture of living matter

Trace elements are so named because they exercise their action on
the mechanism of life even when they are present in very small
amounts (parts per million or even less) in the soil or the living cell.

We know today the reason of this enormous influence. A trace
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of tirse: minesail ellements is naerssany o rendkr active: the enzymes, (#)
wihiich ame te: catallysts in the syoittesin of living nmatien. Qne cam
almost say:: e thane element i5 the cataliist of e catalist.

Iafluenes of hoton oh the conent of tryptophan im lnesine

Tk 2, below, shows the variation of tie: content in trypiopham
of lucetne: as a function of the content of botom in tihe mutiiiise solu-
tion in which this lucerme is grown (355).

When the concentration of boton in this solution pagses fiom 0-22
tw 1'08 parts per million the content in tryptophan of the lucerne
increases from 1-36 to 2-55 mg./g. of dry matter, that is to say, it is
almost doule.

Tap1re 2
Ifflsemee of boron on the trygtaplhan content of fucerne
Luecerne hay
Boran in the nutrient
solution (p.p.m.) Teyptophan (mg-{z.)
0 J 127
0-22 1-36
0-44 2-17
1408 2-55

N.B. (1) The experiments were made with nutrient solutions, and the boren
e@imdem shown represenis the parts per million of that element in the
solution.

{2) The tryptophan comntent is shown in milligrams per gram of dry

matter.
From Sheldon (335).

Nitrogenous fertilisers in certain cases improve the
composition of dhe “crude” prstiein of grass

Nitrogenous fertilisers used judiciously om @ pasture, on condition
that the appropriate “rest period™ iis ofysearved,{(**) can greatly increase
the yield of grass. It seems that in addition, if the grass is not used
wiken too young, the mitrogenous fertiliser can met omly increase the
nitrogen aertiant of the grass, bt liso perhaps improve the ibiological
vallue aff the protein.

™) are s adliell figrmenis ar hineatdiysts. Their presenes im lining
adlls is @naugh tio biieg «bout carsin dtemicd reantions ar saries off dbeemicsl
nespriioes.

(™) Srue Grreass Preatiwctiviyy ((RE).
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Table 3, below, shows the influence exercised by the application
of sulphate of ammonia and nitrate of soda on the composition of the
nitrogenous matter of Italian rye-grass.

‘FABLE 3

Inflietice of nitrogen jertilisers on the composition of the protein
of Italian rye-grass

Without Sulphate of Nitrate of
fertiliser ammonia soda
Quantities of nitrogen applied
per acre (Ib) (bracketed
figures show kg/hectare) 0 19 (22) | 39 (44) | 19 (22) | 39 (#4)
Percentage of N in dry maiter 25 2-6 } 30 | 29 I 31
Percentage of total N in the
form of acamnieio N in the
following amino-acics:
Leueines 9-4 101 11-2 9:8 i1*
Phenylalanine 20 24 2:5 2-5 2:4
Tryptephan. o8 11 1.2 -3 -3
Aspartic acid 57 49 43 | a9 40
Glutamic acid 7-2 61 59 6:0 50
Arginlae 4.2 50 \ 51 49 53
Lysine 29 33 | ¥ 36 ‘ 34

Fiom Smith and Agiza (340).

Without the application of nitrogen there is only 0-8 per cent of the
total nitrogen in the form of nitrogen of tryptophan (an essential
amino-acid). The proportion increases respectively to 1-2 and 1+3
per cent or, approximately, 50 per cent more, when one applies
39 Ib.jacre [44 kg./ha ] of nitrogen in the form of sulphate of ammomnia
or nitrate of soda.

It seems, them, that in this case the application of nitrogen fertiliser
has resulted in an increase of the real nutritional value of the “crude”
protein. That is an advantage to be attributed to the credit of nitro-
genous fertilisers.



CHAPTER 3

Influence of sulphur of the soil on content of
sulphur-containing amino-acids in grass

Importance of amino-acids containing the sulphur atom

Tmere are two sulphur-containing amino-acids, namely methionine
and cysteine. By oxidation two molecules of cysteine forra a molecule
of cystine. (See formulas in Fig. 2 on p. 6.)

It seems that in grass and various forage plants the sulphur-con-
taining amino-acids constitute a limiting factor in the biological
value, that is to say, in the “actual nutritional”” value of the protein
of the plant.

Possible deficiency of sulphur

When basic slag, potassium chloride and nitrate of calcium are
regularly applied to grassland or cultivated crops, sulphur is omitted
and there is a risk that after some years there will be a deficiency of
sulphur.

We will show that this impoverishment of the soil in sulphur will
exercise a marked influence on the composition of the nitrogenous
matter of the plant.

The content of methionine in lucerne reaches a maximum

Table 4 on p. 11 shows the variations in the methionine content
of lucerne as a function of the sulphur content of the nutrient
solution (335).

We see that in the absence of sulphur in the nutritive solution a
gram of lucerne dry matter contains 1-96 mg. of methionine. For 64
parts per million of sulphur in the solution, the lucerne contains
the maximum of 5-37 mg. methionine per g. of dry matter or more
than double. But if we comtinue to increase the comtent of sulphate
ions in the solwtion, the comtemt of methionine in the lucerne
diminishes very considerably.

10
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Tasnue 4
Influence aff silfpnate trovs aon the matniomine aorteertt aff hucome

Pars :mlllm:ﬁfsmhﬂw\ Widlfigpramss off imestiiowiine

i ethe rivetiernd soltut e e @iy noveetteer
L.ucamne

b0
450
501
537
461
270

B22nse

From Sheldon {335).

This is an example of the universal law of nature: all extreme is
harmful; esther too much or toa little is injurious.

Lucerne which s poorest in nitrogen is richest in methionine
and cystine

Table 5, below, shows (371) the variations of the content of the
lueetne IA:
Nitrogen
Methionine
Cystine

TABLE 5

Ihiflisnce of the concentration of sulphate tons in the mutrient
solution on tihe content of total mithagem, cystive and metttitmine

of the cerne

Coneentiall )
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in relation to the sulphate ion content of the nutrient solution. I
extract from the table the following figures:

Lucerne
504 ions per Nitrogen
1000 parts in the % of the dry Methionine Cystine
solution matter
Milligram per gram of nitrogen
0 ‘ 396 281 27-8
9 2-88 56-4 67-3
27 300 54'1 66:0

It will be seen, as in the preceding case, that there is a maximum
content of methionine of 564 mg. and of cystine 67-3 mg,/g. of
niteogen for a concentration of 9 parts per million of sulphate ions in
the solution.

When the content of sulphate ions is nil, the contents of methionine
and cystine are respectively 28-:1 and 27-8 mg., or approximately
half.

For concentrations of S04 in the nutrient solution higher than 9
parts per million, the methionine and cystine content drops again.

Now it is remarkable that the content in nitrogen of the lucerne is a
minimum, namely, 2:88 per cent, when the concentration of sulphate
ions allows the maximum content of sulphur-containing amino-
acids.

On the contrary, the nitrogen content is a maximum, 3-96 per cent,
when this nitrogenous part is the poorest in methionine and cystine
(no concentration of sulphate ions in the solution}.

The usual analysis would have chosen the lucerne with the
nltrogenous matter having the lowest nutritional value

Suppese that with the methods actually used for the usual analysis
of plants and food one had made a test on the variations of “crude
protein” content of lucerne in relation to the application of sulphur,
the conclusion of the experiment would have been to advise the
application of the quantity of sulphur which furnishes lucerne with
the highest content of crude protein which is, according to our actual
analytical conception, the best.

In other words, one would choose a lucerne of which the nitro-
genous matter had a biological value approximately half that which
the necessary application of sulphur would allow.



Influence &t suljphur off the sail 13

Metthionine 2s an element in tie normal fumctioning of e
Ofg@tikeim

This poverty in methionine of the mitrogenous matter of the plamt
does not show iitselff merely by a desser mutritionad value. That is
serious enough, but it is worse—infiinitely worse—that the health off
the animal may be in danger.

The lack of methionine in the plant or in the ration may be one of
the causes of certain metabolic troubles in the animal (199, 200, 201).

We know, on the other hand, that methionine cam *‘neutralise”
certain unfavourable effiects caused by an excess of molybdenum in
the plant. Such an excess can have—as we can see later—grave
consequences: directly, it can result in diareheea; or, indirectly, in
copper deficiency, which may, for example, lead to bone fractures or a
low fertility of the animal,

We see appearing a first example of the possible outbreak of a
disease, namely a disorder of the metabolism of the animal cells,
following from a deficiency of the soil in a mineral element, which in
this case is sulphuk.



CHAPTER 4

The dead mineral matter of the soil creates
the vitamin, an element essential to life

Complete fertiliser increases the carotene content of tomatoes
and carrots

ScHupHan (323) (*) grew tomatoes and carrots on soil receiving either
manure (**) alone or manure plus a complete mineral fertiliser
(nitrogen, phosphorus, potash). On investitating the influence of
these two treatments on the carotene content of the crops it was
found (see Table 6, p. 15) that the supplementary dressing of com-
plete fertiliser had increased the carotene content of the tomatoes by
58 per cent and that of the carrots by 23 per cent.

Vitamin A content of blood serum is higher in infants fed on
vegetables which have received a complete mineral fertiliser

Schuphan pursued his studies still further, feeding infants on the
vegetables produced in the above trial. He established that the
vitamin A content of the blood serum of these fed on vegetables
grown with complete fertiliser dressings was four times as high as
that of infants receiving produce grown without such dressings
(Table 6, p. 15). The difference was clearly shown in the weight
increases of the babies: the daily growth of the group receiving the
vegetables grown with mineral fertiliser was 28 per cent higher.

Grass that has received a complete fertiliser dressing Is richer
in carotene

Reference will be made again later to goitre in the Bavarian village
of Riegsee, when it will be seen how local conditions, as a result of
the shortage of carotene (provitamin A) in the pasture herbage, assisted
the development of a deficiency of vitamin A. A contributory factor

(™) See alse p. 191 concerning other functions and works of Schuphan.
(*#) Well-rotted in every instance.

14
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of equal importance, however, was the absence of fertilisers in this
period of poverty (see p. 211).

T able 6

Influence of a complete mineral fertiliser on the carotene content of
vegetables and vitamin A content of the blood serinn of infants fed
on these vegetables

Mg. Vitamin A per
Mg. carotene per 100 cm.3blood serum
100 g. fresh matter of infants receiving

these vegetables Weight
Fertiliser applied gain (ing.)
to soil At per infant
commence- Atend of per day
Tomatoes Carrots ment of experi-
experi- ment
ment
Manure 0-42 S-40 0-111 0-114 11-90
Manure + complete
mineral fertiliser
(NPK) 0-66 6-64 0-101 0-405 15-27

N.B. (1) Carotene or provitamin A is the precursor of vitamin A.
(2) NPK = nitrogen + phosphoric acid + potash.

From Schuphan (323), pp. 101-102,

Table 7, below, shows the carotene contents of three plants on

T able 7

Influence of complete mineralfertiliser dressings on the carotene
content of three herbage plants

Carotene content of the fresh
Plant plant material
(Mathematical unit)

: Organic 4-
English name Latin name fcé:g?iglecr com?éitﬁigﬂéirneral
Cocksfoot Dactylis glomerata 950 1,141
White clover Trifolium repetis 850 1,539
Cow-parsnip Heracleum 690 735

N.B. (1) Organic fertiliser = manure + liquid manure.
(2) Complete fertiliser = nitrogen + phosphoric acid + potash.
(3) The two fields involved in the experiment were contiguous.
(4) Assessments made in August 1949.

From Haubold (150), p. 174.
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two contiguous Riegsee pastures, one of which received only organic
fertiliser (manure and liquid manure), the other organic fertiliserplus
a complete mineral fertiliser. The application of mineral fertiliser has
clearly increased the carotene content, almost doubling it in the case
of white clover.

Phosphate applied to the soil increases the thiamine
content of grain

Scharrer (311) of the Justus Liebig Institute (Giessen, Germany)
has studied the influence of various fertilisers on the content of
thiamine (*) (vitamin B”, one of the most important vitamins, since,

Table 8

Influence of phosphate application to the soil on the thiamine
content of oats and millet

Phosphoric acid

Thiamine content Grain yield content
Micro- One part
grammes - pejative Gb(ﬂer Relative , P2 . Relative
"
(1) Oats (grown on acid sandy
soll, very poor in
nlutritive fertiliser
ts):
elements) 357 100 1-48 100 5-56 100
NK 553 155 1-94 131 5481 105
NK and superphosphate 712 199 30-65 2070 7-20 130
(2) Millet (grown on heavy
soil, acid-neutral, poor
in phosphorus) :
Without fertiliser 559 100 7*12 100 9-16 100
NK 659 11S 15-50 2(8 9-53 104
NK - basic slag 717 128 19*39 272 8*41 92
NK mmsuperphosphate 768 137 23*62 332 8*92 98

2) Phosphoric acid * . .
3) The trial in question svos a pot experiment.

I'rom Scharrer (311).

N.B. gli NK = nitrogen -f cltgssium.

according to Terroine’s (241) description, “it superintends the utilisa-
tion of the glucides”. Table 8, above, shows that basic slag or super-
phosphates (combined with nitrogen and potash) increase by 28-37
per cent the thiamine content of millet grown on heavy soils, while
it is as much as doubled in the case of oats grown on a poor, sandy
soil.

(*) Aiso called aneurin. Its phosphoric ester or co-earboxylase plays an im-
portant part in the metabolism of the fatty acids and glucides.
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The “living” action of phosphotie aeid, a “dead” dust

This influence of the phosphoric acid of the soil on the grain’s con-
tent of one of the most important vitamins is much more important
than an increase in the crop’s content of phosphoric acid, an element
generally measured to estimate the improvement in quality due to the
application of phosphatic fertilisers to the soil.

Albrecht has described as the “Ash Mentality” (p. 5) the belief
that a mineral element in the soil can exert its influence only on the
same mineral element in the plant. We opposed the “living utiliz-
ation theory”, which claims and proves that the “dusts” in the soil
control the synthesis of organic matter by the living cell.

Application of phosphate to the soll may considerably increase
the thiamine content of the grain without altering its
phosphate content

Scharrer’s results provide excellent ammunition with which te
oppose these two theories. According to Table 8 (p. 16) the applica-
tion of superphosphate (combined with nitrogen and potash dressings)
doubles the thiamine content of oats, whereas the content of phos-
phoric acid is increased by only 30 per cent. The example of millet is
even more striking: application of superphosphate to the soil increases
the grain’s content of thiamine by 37 per cent, but its content of
phosphoric acid remains the same and even shows a slight tendency
to decrease.

With the analytical methods in current use and the “Ash Mental-
ity” the conclusion in this case would have been that the application
of superphosphate to the soil did not improve the quality of the
millet even though its higher thiamine content clearly makes it a
better product.(*)

Phosphatic fertilisers are among the prificipal factors
governing improved quantity and quality of agricultural
produects

Application of phosphatic fertilisers to the soil, which is rightly
recommended, has effected a considerable improvement in the quality
of foodstuffs, whether destined for animals or for Man. Unfortu-
nately it has too often been imagined that this improvement stems

(*) Bains (25) on the other hand, at the Punjab College of Agriculture, India,
found that superphesphate, sulphate of ammonia and potassium nitrate did not
increase the thiamine content of wheat.
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solely from the increased phosphoric acid content of the foodstuffs in
question. Scharrer’s observations show how infinitely more impor-
tant the role of phosphatic fertilisers is: they modify fundamental
mechanisms of cell metabolism. In the present instance phosphatic
fertilisers have improved the functioning of the mechanism for syn-
thesising one of the most important vitamins in human nuteition.

It is often said (174, p.V1): “Phosphorus cccupies a unique position
in biochemistry. If carbon is the King, phosphorus is the Prime
Mimister without whom the king is powerless.” Scharrer’s experi-
ments admirably illustrate this réle of Prime Minister assumed by
phosphorus.

Type of potassium fertiliser used determines the increase of
thiamine content in the grain resulting from the application
of potash

Scharrer (311) has also shown that applicatiem of potash to the soil
can increase the thiamine (or vitamin B}) content of millet and peas.
But of particular significance is the fact that this result depends on
the form of potash used, although the latter hardly affects the grain
yield at all. What Table 9, below, shows is, in effect, that under the

TaB1rE 9
Inffuence of potassium fevitlisers on the thiamine content of millet
and peas
Microgramrnes
Graih yield of thiamine in
Fertiliser applied ) 100 g, dry
matter
(1) Millet (Panicum Fadictim):
Fertiliser (NP) 3-54 519
Fertiliser (NP) + sulphate of potash 12-37 536
Fertiliser (NP) -& muriate of potash 11-88 659
(2) Peas (Piram arvense):
Fertiliser (NP) 18-48 574
Fertiliser (NP) + sulphate of potash 22-98 517
Fertiliser (NP) + mutiate of potash 22-72 615

N.B. (1) G. per experimental pot.
(2) NP = nitrogen and phesphoric acid.

From Seharrer (311).

particular conditions of pot culture, potash application brings about
a considerable increase in yield, which is more or less the same for
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both muriate and sulphate of potash. On the other hand, sulphate of
potash has no effect worth mentioning on the thiamine content of
grain, any increase or decrease being but slight, but muriate of potash,
remarkably enough, increases the thiamine content of millet by 20
per cent and peas by 7 per cent.

Judiclous fertiliser application ean Inerease the thiamine
content of human milk

The favourable effect of fertilisers on the thiamine content of
foodstuffs is the more interesting, since thiamine, as stated above, is
one of the most important vitamins. But another fundamental fact
has made its appearance in recent years.

Although the vitamin B content of cow’s milk is more or less
constant, the thiamine content of human milk is a function of the
amount of this vitamin contained in the diet. This fact has been con-
firmed by many investigations (192, 217). One of the most interesting
studies, carried out in India in 1957, showed (290) that the inclusion
of thiamine in the diet could increase the thiamine content of human
milk by 50 per cent.

The objection may be raised that India is a country where polished
rice, which is deficient in thiamine (see p. 180), is a main feature of the
diet. But it is well to remember that white flour contains but half as
much thiamine as whole-meal flour (170, p. 53). It is important to
see that the foodstuffs one constmes contain as much of this vitamin
as possible.

Efifeet of the mineral elemmemts of the soil on plant enzyme
activity

The more progress that is made in biochemistry, the more vitamins
appeat as being almost always constituent elements of enzymes, and
therefore indispensable to the proper functioning of the latter.
Mineral elements, moreover, can directly influence the enzyme con-
tent of plants. As the immense part played by catalase (*) in micro-
bial diseases and cancer will frequently be referred to in the following
pages, an example of the influence of a mineral element in the scil on -
the catalase of plants may be of interest here.

Table 10 (p. 20) shows that, by adding suitable amounts of iron to
the nutrient solution, the catalase activity of a plant can be multiplied
by five—evidence of the influence of the “dusts™ of the soil on the
activity of the enzymes that regulate the functioning of the living cell.

(*) For the definition and funections of catalase, see p. 112.
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TabLe 10
Inftuence of iron in the nutrient solution on the catalase content of
sunflowers
P.p.m. iren in Iren (p.p.m.) in Nitrogen (N) in Catalase activity
the solutien dry matter dry matier as % In dey matter
0-001 | 76-5 3-18 414
0-250 169-5 4-39 17-81
10-000 191-0 488 20-69

W.B. Catalase activity is measured with a matheraatie unit.
From Weinstein and Robbins (406).

According to their correct or incorrect use, mineral fertilisers
improve or reduce the quality of agrieultural produets

These few examples illustrate the beneficial influence that mineral
fertilisers in the soil can exert on the quality of the plant. What must
be stressed is that mineral fertilisers have not only considerably in-
creased the yields of agricultural crops: if correctly used, they can
clearly improve the quality. But, it must likewise be remembered
that the same fertilisers incorrectly applied reduce the quality of the
produce.

Schuphan’s study (324, pp. 81-82) on spinach demonstrates very
well the twofold action that mineral fertilisers can have on the quality
of a plant. Spinach contains a substance—oxalic acid—injurious te
human health. Dressings of nitrate increase the oxalic acid content,
while dressings of potash decrease it. Obviously, therefore, the appli-
cation of nitrate alone to spinach will lower its quality, and may even
have disastrous results. However, the injurious effect of nitrate can
be eliminated by the fawausaible effect of the application of judicious
quantities of potassium which will increase the yield of the spinach,
at the same time improving its quality.



CHAPTER 5

The soil malkes the animal and the mamn

From the soil to the man via the plant and the animal

As [ have stated at the beginning, our ancestors recognised districts
where a special soil type in certain climatic conditions resulted in a
breed of animal with marked qualities.
If we define the influence of the soil on the animal, we can make the
generalisation
the soil makes the grass
the grass makes the animal
and finally
the soil makes the man.

It has just been shown that the elements of the soil modify funda-
mentally the composition of the “crude” protein of the grass and, as
a result, enables a different animal to be evolved.

We will now try to relate the modification of this so-called protein
of the grass to the gain in weight and the general appearance of the
animal.

The application of mineral fertilisers to the soil makes
possible a higher gain in weight of the animal

Table 11 (p. 22) enables a comparison to be made between the
composition of lucerne and the gains in weight of rabbits fed with
this lucerne,

We see (335) that the application of magnesium and trace elements
slightly lowers the nitrogen comtent of the lucerne and increases
significantly its content of tryptophan and methionine.

This improvement of the “crude” protein, due to the application
of mineral fertilisers to the soil, results in improving the nutritional
value of the lucerne for rabbits. Those fed lucerne grown on the
control soil make a gain off only 740 g. At the same time the rabbits
fed wiith lucerne produced on the improved soil make a gain of 849 g.
or 15 per cent more. Now this 15 per cent greater gain in a steer oftten
represents the profit on the animal.

21
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This gain has been obtained thanks to the application of complete
mineral fertilisers to the soil. Once again it is shown that mineral
fertilisers, correctly applied, can be a source of health and profit.

Tasre 11
Inffwence of trace elements in the soil on weight gains in rabbits
Seil
Application of
‘ Control magnesium and trace
elements

1
Contents of a gram of dry matter of lucerne
‘ grown on the corresponding soil

Milligrams of: \

Nitrogen 31-2 30-5
Tryptephan 1-86 2:52
Methionine 4-54 5-44

Mean weight gain in grams of
rabbits fed with corre-
sponding lucernes 740 849

From Sheldon (335)

The same plant grown on five Missouri soils produces vemy
different rabbits

Table 12 on p. 23 shows that five different soils in Missouri provide
a lespedeza (Korean legume) containing in each case different pro-
portion of amino-acids. It can also be seen that the application of
fertilisers modifies, and, in certain cases, improves the composition
of lespedeza in amino-acids. Fig. 4 (facing p. 22) (1,4) shows the ap-
pearance of rabbits produced on the five soils (not treated) of Missouri.
A considerable difference in appearance and in size between these
different rabbits can be noticed.

For certain soils the application of mineral fertilisers has resulted in
a considerable improvement in appearance and size (animals on the
right.

We have in this a good example of the statement “the soil makes the
animal”. We have besides a new proof that the judicious use of
mineral fertilisers can bring a considerable improvement in the
animal.

An unusual experiment carried out in that immense human labora-
tory, India, provides further evidence that soil makes Man.



Fig. 4. Different development of rabbits which have consumed
lespedeza grown on different soils, with or without fertiliser
applications.

No treatment = no fertiliser dressing.
Soil treatment = fertiliser applied to the soil.

The names indicate the soils.

See Table 12 on page 23 showing the amino-acid composition of
the lespedezas consumed.

From Albrecht (1, 4).
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Fig. 5. Comparison of different Hindu races and of the rats fed on the same
rations as those races. (Courtesy Faber & Faber Ltd.)

From McCarrison (237, p. 24).
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T able 12

Contents of certain amino-acids in the protein of a leguminous forage
(lespedeza) in relation to the soil where the plant isgrown and to the
application offertilisers to the soil

Tryptophan Lysine Methionine
Type of
yspoil Un- uUn- Un-
treated  Treated treated  Treated treated  Treated

soil soil soil
Eldon 0-205 0-294 0-943 0%992 0-086 0-092
Lintonia 0181 0-279 0-878 0-872 0-077 0-077
Putnam 0-227 0-244 1-007 0-894 0-080 0-084
Grundy 0-19S 0-196 0-938 0-797 0-082 0-079

Clarkesville 0-215 0-258 0-870 0-930 0-074 0076

See the photograph facing p. 23, which shows the appearance of the rabbits which
had consumed the different lespedezas.

From Albrecht (1, 4).

A great scientist’s nutritional experiments

Sir Robert McCarrison worked in India for thirty years as Head of
the Nutrition Research Services and finally as director of the Pasteur
Institute at Coonor in Southern India. In this enormous country of
many peoples and diverse soils McCarrison carried out innumerable
studies concerned with the influence of soil and nutrition on Man.
Only one of these will be referred to here, providing a striking
illustration of the relationship between soil, nutrition and the human
being.

The same feeding makes both rats and men strong or weak

The races constituting the 400 million inhabitants of India differ
greatly in their physical characteristics. Many of them have some-
times been settled on the same soil for centuries, with the result that
the cumulative effects of the soil (and the foodstuffs it produces) have
been able to make themselves clearly felt on the characteristics of the
race in question.

McCarrison had the idea of feeding rats with the food eaten by these
different peoples. Fig. 5 (facing p. 23) is an original photograph taken
by him (237, p. 24) and shows the physical appearance of nine differ-
ent races. Seven groups of identical rats were fed on the same rations
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CHAPTER 6

Man and the animal, not the chemist, are the
supreme judiyes off agronomiec methods

Limitations of the chemical analysis of foodstuffs, plants
and soil

ON the basis of the examples given above, attention should be drawn
at this point to a fundamental factor: the insufficiency of current
methods of chemical analysis.

It has been, and still is, imagined that chemical analysis as it is
carried out today reveals the true nature of soils and foodstuffs, and
will unfailingly provide warning of the dangers which might result
from the application of a deficient agronomic method. This is a great
illusion.

To turn to foodstuffs analysis: it must be remembered, and stressed,
that what is determined are “analytical groups” and not simple
chemical constituents. It might even be said that these groups are
“mere creations of the mind of the chemist”. What we call “crude
fibre” is in fact only the part that is insoluble under conditions deter-
mined by the analysis. The outstanding presumption in the analysis of
foodstuffs is, perhaps, the labelling as protein of what is only nitrogen
(estimated by the Kjeldahl method) multiplied by 6-20. Sometimes
(but not always) the analyst adds the qualification “crude” to the
word peotein. As has already been said (388, p. 96): “Such protein
is only ‘crude’ protein and certainly one all too crude to be taken as
the basis for complete nutrition.”

So, when a chemist worthy of the name, the 1952 Nobel prize
winner in Chemistey, R. L. M. Synge (365), considers the methods of
analysis of foods and grass he is simply shocked. This great scientist
makes the comment: “It is indeed a great presumption to give advice
to a farmer on the nutrition of his animals on the basis of the results
of tests on nitrogen content by the Kjeldahl method.”

It has been demonstrated (pp. 11-12) that in thus confusing
nitrogen and protein there was a danger of selecting a plant with true
protein of inferior biological value.

25
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e mniivesad] edberreerit off foad is ol camplidedly assitilkdbke

As far as miverad]l dimenis of food amd plhnis ae concamed, we
amallyse onlly tte totall of the: elemens, wihich giives us mo iimflonmatiom
om tfe propontion assimilkik. [h e o get accurate: knowledpe: om
the: “efficiency”’ of ttiese minenal] elemenis, it would bhe meeessany
kmow tie minenall or oigamic combinations wnder which tey awe
foundi, tite: propontion of the: different mineell elements among them-
selves, ete.

Chemical analysis of the soil indicates metely the total of the
elemmanils

Routine chemical analysis of soils, that is to say, that practised in
99 per cent of cases, can provide only very limited information; wotse
stilll, it can be responsible for serious errors.

This analysis in the case of the soil—as in the case of food—can
indicate precisely only the total of an element; it cannot give us in-
formation on the availability of this element.

Besides, ordinary soil analysis concerns only certain elements. In
a soil sample to be analysed the laboratory tells you that it contains
sufficient phosphate and calcium, and yet the animals on these soils
will be attacked by rickets and bone fractures because the soil is
deficient in copper—of this I shall quote an example from Florida
(pp. 32-34). The usual soil analyses do not deal with copper and if
that analysis were made it would concern only the total copper.

The analysis of available copper of the soil—even if it were possible
{and it is not possible) to carry it out in a precise manner—would still
give no mformation. The soil can contain suffidiant availkible copper
and yet we may have defiiciencies in copper in the animal if the soil
contains an excess of molybdenum, whikh is antegonistic to copper.
Such analysis for 2l the awaikdble trace-elements of the soil would
oot hhundreds off pounds and give liittle imfronmation.

The tiislkogiical dest allone czin enlighten ws
‘The Wiclogiedl tiest wiith e animall, whethar it ks wit mats, meblbis,
guimea pigs ar stieep, shows ws @t 2 glanee dhe gl jinfiluance of a0
tine edbaneantts «if titve ol aodl off tive ittt an the aimall @gratismn.
I crtioar wuarrdis, tihwe Wiiollogiiedl testt giives ws e iinfluanae aff Al tie
atemertts off tihe sail trough e piet on tie metEboliEm of dhe
aaminmed| gl
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Lady Eve Baftour (26) conttrithutes to this sulbject the statiements off
Abarestig off dive Universiity off Missauri:

“He says that, for ascaying food wvalwes, no imstrumentt 55 yett invented
by mam iis 0 delicatie and so perfiect 25 the livimg orgamism. That is winy
Ihe jis mot oentent with mmy analytical methods fior detemmining quality
tihat have not heen comfmmad by resdits off actuel feeding tests with emirmais™

The chemist and tive aniimal are not in agreement

I think that a personal reminiscence and a striking formula will
help to show that presemt ideas on chemical analysis do not give
satisfaction—to the animal.

At the beginning of 1957 the British Society of Animal Production
invited me to give a talk during which 1 discussed ideas similar to
those expressed here.

I underlined the great weakness and even the dangers of our actual
methods of analysis of feeds and in particular of grass.

Professor M. McG. Cooper, Dean of Agriculture, the University
of Durham, in the course of the discussion—the day following my
address—repeated my point of view threugh the following formula:

“As M. Vbisin has forcibly explained to us, a herbage which appears
idheal to the chemist as judiged by his analysis is not necessarily ideal for
the eaw.”

It would be difficult to put more clearly my view as a biochemist and
farmet.

Raising the status of chemical analysis

Chemical analysis, thanks to the biological test, may be raised in
status.

Im the soil, in the plant or in a living organ. chemical analysis cam
indicate in a precise manner—as [ have already said—only the sum
total of the element.

But when one measures tiis element in am orgam which is tmuily
“indiicative” this analysis can be very valuable, We may, for examplke.
analyse the mangarese content of the ovary in an autmysy (see p. 69)
or tthe copper content of tthe liver by biopsy.(*) (See p. 40.) We
wwilll lemem thus a thowsend times mote about the mareparese amd

sitamiss of thee seill tiamn by soill anedlsis.

Amedlygiis wiitth titee hellp of tthe il test cam teke monre refimed
flonmes. Wie mey detenmime, for examylle, the activity of a syesikl

£9) TRMihgz aweyy aa fiagmentt of am angam ffiom a lisig hedirg.
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enzyme in the blood, as, for example, catalase, and we can deduse
valuahle information em certain deficiencies of the: soil or of mutniiim
(see p. 114).

Raising the status of chemical anellysis is a primary condition of
progress in the sciences of life. Omlly when the ptesent conceptions of
such anallysis have been modiified will the influence of soil and feeding
on cell metafholism in animals and im Man be completely revealed.
Such a revelatiom, and the: knowledge it will bring in its ttaim, is
essential to the future creation of an efficient “protective” medicine.



CHAPTER 7

Deficiency of copper in the soil disturbs the
metabolism of certain cells in the animal

A soll deficieney modifies the metabolism of the cells in wool
formation

We are going to show how the mineral elements of the soil can
modify the metabolism of certain cells of the animal itself.

It has been observed in Australia that, on the soils of certain dis-
teicts, wool loses its crimp and takes on what is called a “steely”
appearance. The production per sheep is besides markedly diminished
and the strength of the fibre is much lower.

It has been shown that this arises from a copper deficiency and that
the application of sulphate of copper to the soil remedies the defect.

One can definitely show that in the case of individual sheep the
addition of a supplement of copper in the ration, or intravenous in-
jection of an isotonie (*) solution containing copper, supptesses the
faults in the wool.

Deranged mechanism of keratinisation

The formation of wool in the follicle can be considered (in a
simplified manner) as the transformation of pre-keratin protein into
keratin (**) protein.

From the biochemical point of view, this transformation is effected
by the closure of the sulphydryls (-StH) of the pre-keratin to the
disulphide (—S-S-} linkages of keratin (see Fig. 3 on p. 6).

The disulphide groups form cross-linkages which are considered
indispensable to give wool jts physical characteristics, in particular .
its crimp.

Now it is possible (226), thanks to a specific histochemical reac-
tion, to follow in the follicle the transformation of the sulphydryls into

{*) Isotoniec s the state of liquids having the same osmotic pressure.
{**) Keratin is scleroprotein characteristic of horn tissue, hair, wool, feathers,

etc.
29
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disulphidks, [n particular alkaline mitroprusside gives a deep punple
reaction with the sulphydyls, but not with the disulphide groups.
When this reagent is applied to the base of a notmal fibre (putied
out from the follicle) the colour reaction extends for a length of about
100 msicrens. Om the comtrary, wiith the wool of 2 sheep wihich has
been raised on a seil deficient in copper the colour reaction extends
over a length ten times as great—1000 microns. This shows that the
tramsformation of sulphydryls into disulphide groups is made imper-

féetly and slowly.

The copper supplement in the ration re-established within
ffouss howrs normal metabolism In the follicle

When a sheep suffering from copper deficiency receives a supple-
ment of copper—either orally or by intravenous injection—about
ffour hours afterwards the purple colour with nitroprusside assumes its
normal length of 100 microns (34).

This shows that the enzymes with copper, four hours after oral
administration of copper, catalyse the oxidative closure of the sulphy-
dryls and that kératinisation proceeds again normally. The wool
which emerges subsequently from the follicle has its crimp and its
other physical characteristics normal. Unfortumately, the wool
already formed, that is to say, having emerged from the follicle, has
suffered an irreversible lesion, and the application of copper in the
ration cannot improve it (57).

Damage to the soil creates in the animal proteins which are
of pathological character

This example of disturbance of the mechanism of kératinisation
arising from a deficiency in the soil shows us well how an unhealthy
soil can produce in the animal or in man an unhealthy protein.

As we will see later, the application of unbalanced fertilisers can
produce in the soil many deficiencies, and in particular a deficiency
of copper.

Therefore, if our farming methods are injurious to the soil, we in-
jure as well the animal and human organism, because we create
therein proteins of a pathological character which are manifested in
the cell through defective metabolic mechanisms and permit the cell
to be attacked by bacterial or virus infections.

Further, these deranged cells age more rapidly or may cause the
appearance of these diseases of metabolism which are called cancer
or thrombosis.
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Copper and sterility

There are many causes of sterility in animals. 1f we leave aside
microbial infections, nutrition is one of the principal factors.

I would like to examine three causes of sterility, namely, copper,
manganese and ogsirogens.

For the moment, I will consider only the relationship between
copper deficiency and sterility in cows. At the Veterinary Research
Centre of Weybridge, Hignett (157) has observed that districts with
copper deficiency are increasing in Great Britain, and that he has
never met a herd of cows suffering from copper deficiency in which
the percentage of fertility was satisfactory. He has shown, among
other things, that in such herds the simple administration of copper
to the animals led to a spectacular improvement in reproductive
efficiency.(*)

I have (**) very often obtained in this way a good result in treating
with copper cows in difficulty with pregnancy.

(*) Hignett’s Doses. The doses utilised by Hignett with cows were the following:

(a) 1 g. of sulphate of copper administered orally for a duration of one
month,
ot
(b) A single intravenous injection of 100/300 c.c. of an isotonic solution
containing 1 mg. of copper per c.c.

(**) Woisin’s Doses. Personally, 1 have utilised a dose of 2 g. of copper sulphate
per day and per cow In the following mannes:

When a cow comes into heat for the third time and is not affected by cysts or
infectious diseases, etc., I give, immediately the heat is observed, a drench of 2 g.
of sulphate of copper dissolved in a litre of water. The cow is not served until
eight heuts after this dese.

My reasoning is as follows: in the case of kératinisation, four hours after eral
admitnistration the enzymes with copper function netmally. I hope that it will be
the hsamrglfcr the enzymes with copper playing a rdle in reproduction, if they play
such a réle.

During the twenty following days I continue to give each day to the cow 2 g.
of sulphate of copper orally.



CHAPTHER 8

Copper considered as a cement to repail
bomes

The Everglades pastures of Flarida

There exists in Flotida, around Lake Okeechobee, a district called
the Everglades covering 700,000 actes of grassland on soils very rich
in organic matter, relatively little decomposed.

Themks to the very mild climate of Florida, it is possible to graze
all the year round. Tthe stocking in spring is about four beasts to the
acre, and in winter a little less than one beast per 2 acres.

The animals are therefore fed exclusively all the year round with
the grass which they graze. This enables observations to be made ina
complete and striking manner on the influence that the soil can exert on
the animal.

The soil was sufficiently rich in phosphorus and calejurn,
and yet bone fractures were frequent

Unfortunately livestock farming was rendered very difficult by
frequent bone fractures, which were observed in cattle grazing these
Everglades pastures. These animals showed all the signs of rickets.

One immediately thought of a lack of phosphorus and calcium in
the soil and in the grass, but all analyses confirmed that there was
no such deficiency (853, 195).

1t was then discovered that it was a question of a copper deficiency,
fior the application to the soil or the oral administration of that metal
prevented the ooourrences.

This further explzins my ideas zbowt the limits of our methods off
chemical analysis (see pp. 2%5-28) and the necessity of the rezl biological
testt; the mormal analysis off the svill @nd of the grass indicated oom-
tents largely adequate im phosphorus snd celdium and yet the
amimalls were stricken widh rickets and esteomalkacia (*)

T féactt, ewem refiined demicl amallysis dioes not alllow! nmeess orement

(*) Geanetdl softening of hones.
»
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to be made of the quantity of available copper in the soil, and this
determination, in a manner which is yet only approximate, can be
made only by an analysis which is hi fact a microbiological test. A
micro-organism called “Aspergillus Nigex™ is grown on a preparation
of the soil. But this Jong and complicated analysis does not give very
much information, while the biological test which consists in giving
copper to the animals of the Everglades was truly spectacular.

Copper repairs the broken bones

I think #t useful, among many experiments made in the Everglades,
to report one in some detail: a calf grazing had a fracture of both
shoulder-blades, and the vertebral column seemed to sink between
the fractured shoulder-blades. The calf was dosed with 3 g. of sul-
phate of copper every ten days. There was a rapid improvement.
The shoulder-blades united again and the vertebral column assumed
an almost normal position. Further, the staring coat again became
glossy.

As long as this calf received copper he made normal growth and his
health remained excellent.

After six months the feeding with copper was stopped. The calf
again assumed a miserable appearance and developed a fracture of
the humerus. The administration of copper was resumed and—a re-
markable fact—the fracture knit rapidly. Once more the calf took on
a healthy appearance and made normmal gains.

Copper permits the bone cell to “organise” phosphorus and
calcium

In other words, the metabolism of bone cells is disturbed by the
deficiency of copper (32), but in this case at least in a reversible
mannet. [ cannot pursue here the relationships between copper in
the ration and the alkaline pheosphatase of the bone which plays a
fundarmental réle in the metabolism of bone cells.

It would be equally desitable to examine the influence of copper in
the functioning of the parathyroid glands. I can merely diraw atten-
tion to these important points.

We ecan say sirply that ordinary rickets is due to an insufficient
deposit of phosphotus and (or) calcium in the bone cells because an
insufficient amount of these twe building materizls is available for
them. But the same rickets is produced in the presence of sufficient
quanfiies of phosphotus and calciumm which cannot be constructed
and “organised” because of distutihance in the enzyme mechamism
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which is controlled by copper. Here we find again the notion of a
trace element as afantor in the construction of iitvg organic matter.

We may say, taking another analogy, that a mason cannot build the
wall (bome cell) either because he lacks bricks (phosphorus and
calciumm) or because he lacks mortar (enzyme) to keep the bricks
together.

The first instance shows the classical rickets due to deficiency in
phesphorus and calcium, while in the second, rickets are due to
the deficiency of copper, and that is the case of the Everglades.

It is very probable that other elements besides copper are utilised
for the construction and metabelism of the bone cell: perhaps it
will be discovered in the future that bone fractures can equally be
due to other deficiencies.

Indirect deficlency of copper may cause bone fractures

Other forms of copper deficiency may cause bone fractures. The
soil and the plant may not lack copper, but they may contain too
much molybdenum, which is antagonistic to copper and causes
indirect deficiency of copper. The problem is rendered still more
complicated by the fact that other factors intervene to influence this
antagonism.

We recognise today one of these factors, namely, the sulphate ion,
and I will emphasise only that in the case of the Everglades
the application of sulphate of copper to the pastures (4% lb./acre *
[5 kg./ha.] and often more) enables healthy animals to be raised on most
of the pastures {195).

But in certain parts of the area—which are, however, relatively
small—bone fractures occur fairly often. Recent researches seem to
confirm that in these cases an excess of molybdenum in the soil is the
cause.



CHAPTER 9

Copper deficievicy caused by nitrogenous
ertiliders

The country where more nitrogenous fertilisers are applied
than anywhere else in the world

It was stated earlier that we are heading for deficiency diseases and,
indeed, that we have already entered that stage, because the yields of
our harvests have doubled or trebled. The consequence is that we
remove two or three times more elements from the soil and replace in
full only a limited number. (Phosphorus, calcium, potassium, etc.)

Holland is the country where for many years very great quantities
of nitrogenous fertilisers have been used. It is even perhaps the only
country in the world where great quantities of nitrogenous fertilisers
are applied to pastuves, and in certain districts for a considerable time.

It is evident that this use of very heavy dressings of nitrogenous
fertilisers for a considerable number of years has certain cumulative
effects, which, in the case of Holland, are disturbing.

Diminution of the copper content of blood serum in the
grazing animal

At the Research Centre of Wageningen (Holland) heifers have been
put to graze herbage which each year ffor sixteen years had received
heavy applications of about 72 and 180 Ib.facre [80 and 200 kg./ha.]
nitrogenous fertiliser (46, 47).

All these heifers had been suitably fed during the winter, and
when put to graze they had per litre of blood serum sufficient copper
—0-80 mg.—which is over the limit of safety, which the Dutch -
scientists estimate to be 0-65 mg. It is to be noted that this figure
in normal circumstances can be considered as correct, but that it is a
function of many factors. In this case we consider only the question
of total copper without taking into account the different forms in
which the copper is found in the blood.

Fig. 6 on p. 37 and Table 13 on p. 36 show the variations in the

35
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TasLE 13

Copper content of blood serum of heifers graring pastaves which
had recetved low and high guantities of nitregen

Number of March 31, July 2, August 31, QOctober 6,
the heifer 1954 1954 1954 1954
T ]
| Pasture which had recelved each year (*) 178 Ib./acre [200 kg./ha.]
of nitrogen
| 0'60 0-64 0-30 0-14
2 0786 0'57 0-19 0-14
3 0-99 0'60 0-23 0-10
4 0-83 0-56 0-50 0-21
5 0-84 0-45 0-231 0-08
6 0-70 0-52 ' 0-31 0-18
Mean 0-80 | 0-56 0-29 0-14
Pasture which had received each year (*) 71 1b.facre [S80 kg,(ha.]
of nitrogen
7 0-73 0-75 0-72 ‘ 0-49
8 0-93 0-75 0-79 0-63
9 0-69 0-75 0-58 0-40
10 0-69 0-67 0-50 0-28
n o 0-67 0-68 0-54
Mean 0-79 0-72 ‘ 0-65 ‘ 0-47

N.B. The figures indicate milligratns of copper per litte of blood serum.
(*) For 15 years.
From Bosch (47).

copper content of the serum of each of the animals on pastures which
had received during the preceding fifteen years heavy applications
of nitrogenous fertilisers.

The condensed table set out below—taken from the table above
—shows the progressive decline of the copper content of the serum

Lb.facre [kg./ha.] of nitrogen applied annually
during fifteen years

Date
l 72 1b.facre [80 kg./ha] | 180 Ib./acre [200 kg.{ha.]
L Milligrarms of copper per litre of blood serum
Mareh 31, 1954 0-79 0-80
July 2, 1954 0-72 0-56
August 31, 1954 0-65 0-29
October 6, 1954 0-47 0-14
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in the course of the grazing season, the figures referring to the mean
of the respective groups of heifers.

It can be seen that on the pastures which had for fifteen years
received 72 lb.facre [80 kg./ha.] of nitrogen each year the copper

Annue! application for 1S years of
100

178 1b./acre {200 kg. ha ) Nitrogen 71 Ib. scre (80 kg tha ] Nitrogen
(6 heifers) (S heifers)

M. of capper par inse of serum
=)
8

020
o100}

DATES . 31 March 2hly M Aug.  60ct. i March 2uly 3l Aug.  6Oct

Fig. 6. Annual variations of the copper content of the serum of heifers
grazing pastures which had received low and high applications of
nitregen for fifteen years.

From Bosch (46).
(Drawing by Mavitle-Fasive Voisin.)

content of the serum is reduced to a mean of 0-47 mg./litre, which is
below the limit of safety.

With the pastures which had received 180 1b.facre [200 kg./ha.] of
nitrogen the fall in the copper content of the serum is catastrophic,
and this content reaches at the end of the season the extremely danger-
ous figure of a mean of 0-14 mg./litre.

Copper deficieney manifests itself in a fall in the output of
the animal

Even if we assume that the impoverishment in copper of the serum
is not sufficient to endanger the health of the animal, the output of the
animals will be seriously reduced.

The Dutch scientists have prepared diagrams and tables which
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show how the production of milk or the gain in weight dimimish as
the copper content of tie blood serum dectesses (Figy,. 7, hellomw)).

Simultaneous reproaches from two directions

The experiments and figures from Bosch seem to show that, with-
out drawing definite conclusions, the employment of heavy dressings
of nittegenous fertilisers for sixteen consecutive years to the pastures
caused, through cumulative effect, a serious deficiency of copper.
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Fig. 7. Average milk yields as a function of the copper comtent of the
blood serum. A diminished copper comtent of the blood serum
brings down milk yields.

From Deijs (87a).
(Drawing by Martie-Resine Noisin.)

In drawing attention to this fact one risks hearing en one side a
lowd cry: “you would have us believe that chemical fiertilisers are the
cause of zll owr misfotunes”. One zlso is likely to hear from the
other side velhement reproaches: “through fioolish statements you
sariowsly jmjure our commercial imterests”..
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We have as much need of nitrogenous fertilisers as we have
of automobiles

I think it necessary to approach this problem, which is extremely
serious not only for the animal but also for Man, with a marked
sense of realism.

It would be folly to give up the immense and immeasurable
benefits conferred by mineral fertilisers. On the other hand, we have
not the right to maintain silence, as we do, about the inconveniences
and dangers which they present and which, with further research,
could be overcome. Silence about “venereal diseases” never cured
them: it sometimes even helped to spread them.

If tomorrow it should unfortunately be proved that the exhaust
gases of our automobiles are a major factor in the development of
cancer of the respiratory tract, we would not suppress our auto-
mobiles, for we cannot do without themn. We would study methods
of absorption, of filtration, of neutralisation, etc., of exhaust gases,
and would make it compulsory to equip each automobile with the
necessary apparatus.

In the same way, if it is confirmed that the use of very great
quantities of nitrogenous fertilisers causes in the long run copper
deficiencies, with extremely grave consequences, we would not
suppress nitrogenous fertilisers, which we need still more than we
need automobiles, for it is not at all certain that to give up the use of
nitrogenous fertilisers would not result in famine.

It is necessary to extend our conception of basal
fertiliser applications

In the present case the remedy for this injurious cumulative effect
of nitrogenous fertilisers is extremely simple. It consists merely of
applying copper to the soil. Sixty years ago it was found necessary to
decide (not, unfortumately, without prolonged controversy) to em-
ploy phosphates and potash to “support” nitrogenous fertilisers. The
manufacturers of nitrogenous fertilisers in the end advised the simul-
taneous use of phosphate and potash, for without this support cereals
lodged, a phenomenon at once apparent and ruinous to the farmer.

The injurious effects caused by the exhaustion of teace elements in
the soil through prolonged use of large quantities of nitrogenous
fertilisers are less rapidly visible than in the case of the lodging of
cereals, and cause no apparent immediate loss of money. But these
effects are all the more serious in as much as they endanger the health
of animals and man.
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It is a question, theefore, of today extending the conception of
basal fettilliser application and of “supporting”™ nitegenous fertilisers
with mamy other elements besides phespheric acid and potasth.

We wiill find the remmedies oaly if we seakch for themn

The problems presented in the replacement of many elements tthat
we remowe in treblle guantities witthout replacing them are certainly very
delicate. The disequilibrium ot deficiencies which we create in this
way are probably much more complex than in the relatively simple
case of copper deficiency.

It is not a question for panic, but the Dutch experiments should
receive the attention of the manufacturers of nitregenous fertilisers
all over the world, so that collectively they might study, from now on,
the slow, cumulative effects of the use of nitrogenous fertilisets. If we
do not look for the remedies we will not find them, with the conse-
quent risk of terrible catastrophes, even if they have not already
begun, as shown in the statistics of Seekles in Holland.(*)

In Holland more than half the cows have an inadequate
copper reserve

Since the copper content of the blood is subject to enormous
fluctuations in pathological states (see pp. 120-123 and 129-134), it
has been thought that measuring the copper content of the liver,
the great copper reserve of the body, would give a better indication
of copper deficiency in the animal.

An investigation carried out in Holland into the copper comtent of
the liver of cattle produced the following alarming results. At the
Comparative Pathology Congress in Madrid in 1952 Seekles reported
that 51 per cent of the cows examined had the very low liver copper
content of 5-10 mg./kg. of dry matter, although the normal is around
70 mg. The Dutch scientist comcluded: “In the Netherlands the
reserve of copper in the Jiver is therefore inadeguate in MORE THAN
HallF the number of cous™

One cannot but fee) seriously alarmed at the infermation that in
this country, where more nitrogenous fertiliser is applied than any-
where else in the world, particularly to grasskand, more than half the
cows should be defiiciiant in copper.

(*) Hignett, & ssan sbove (p. 31), found copper defidiency 1o e inaressing iim
Grreart Britaiim s,



CHAPTER 1D

From molybdenum in the soil to molybdenum
in milk

“Teart” disease

THE word “teart” denotes a disease of cattle which occurs in certain
districts of Great Britain, especially in Somerset {112). It is charac-
terised by diarrihaea with fasves of yellow-green colour, full of bubbles,
and with an odour of putrefaction.

Red cattle take on a yellowish colour, and black cattle develop a
rust-coloured appearance. Sheep are less affected than cattle,
although their excrements are very soft. The animals most seriously
affected are milking cows and young calves.

Strange characteristics of “teart” disease
Tiis disease presents very curious features:

The diamtioea has a marked seasonal character.

After the first frosts in the autumn the grass loses its “teart”
charactet.

Hay, made from these pastunes, is perfectly healthy and does not
cause “teart”.

But the most disturbimg fact is that animals have often been affectesd
by the disease on a pasture, while on an adjacent pasture other
animzlis wete fize of it.

It is mut a question of a bacterial or parasitic disease
it appeared that bactetia or intens] pamsites could mot be the
priimeny cause: of tthe dizrives, for it apidly disappesred when the
amiimels wene remowed from the teart pretines.
The: dicinege of the pestues was satisfactony;, and e water con-
sunmed] fhy the: amimels shosed ne abromre chenscter.
44
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Ferguson, Lewis and Watson then decided to look for a trace ele-
ment in abnormal quantity (too low or too high) in the grass (112).

High molybdenum content of teart pastures

Spectrographic examination showed a constant difference between
the teart and non-teart grass, the molybdenum content being much
higher in the teart grass. The mean molybdenum content of the grass
in adozen localities affected by teart diarrhoea was 33 parts per million
in the dry matter in 1937 and 38 parts in 1938, The molybdenum
content of the grass from seven neighbouring non-teart localities was
respectively for these two years from 5 to 4 parts per million.

T able 14

Molybdenum content ofgrass from teart and non-teart pastures in
different localities

Pasture type

Year Locality
Teart Medium teart Non-teart

1937 W 51 — 4
Go 14 — 5
Gr — 14 —
Go 25 — 2
D — 12
K 20 4
Cd 52 4
Wh 40 - 6
M 30 - —
P 30 - 3
H - 24 —
Lu — 13 —

1938 W 59 — 4
Co 49 - 4
K 18 -— S
Wh 27 — 4

Mean,
1937 33 16 5
1938 38 4

N.B. The figures show the content in parts per million of dry matter.
From Ferguson (112).

Table 14, above, shows in detail the figures for each of these
localities. It has been shown that in Great Britain it was rare for the
molybdenum content of grass to exceed 7 parts per million, except
for some very exceptional cases, where 20 parts per million are found.
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Molybdienum seems to be the cause off teart

After the high molybdenum comtent of grass was proved, it was
natural to suppose that this element was the cause of the teart
diarrheea. This idea seemed to be rapidly confirmed, for when
molybdate of ammonium or sodium was administered orally to the
animals most of them were affiected with diarrheea, although the
degree of this diarrheea varied with the animal.

Furthermore, when sodium molybdate was applied as a fertidiser
to the non-teart pastures, it was found that:

(1) The molybdenum content of the grass increased consider-
ably.
(2) Cattle grazing this grass were affected with teart diarriieea.

The soil of teart pastures is abnermally rich in total
molybdenum

This experiment led to the idea that the soil of teart pastures was
too rich in molybdenum, and this was confirmed by analysis, at least
as far as total molybdenum was concerned.

The soils of teart pastures contain in the superficial layer about
20-100 parts per million, and the soils are either neutral or alkaline
(112), In contrast, soils of non-teart pastures contain only 1-4 parts
per million of molybdenura.

According to Ferguson, the molybdenum seems to be concentrated
in the clayey portion of the upper part of the lias.(*) Tihe chalk
itself contains little molybdenum.

Seasonal changes in the molybdenum content of the grass

These first observations seemed, them, to confirm the hypothesis
that too high a molybdenum content in the grass was the cause of
teart diarticea. But there still remained certain points to clarify.

The diamtioea had a very marked seasonal character, and was
especially severe at the beginning and at the end of the season.

The seasonal wariation in the molybdenum content of the grass
was then ascertained. [t was found that there are two seasonal maxi-
ma, which vary according to the climatic conditions of the year, but
occur, in general, in May-June and in August-Septemiber.

Layets of the lower part of the jurzssic formation. Amn old temm of Emplish
mngx?mm Sigmiifying m@ulafgtma of hard ehallkc.
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Grass subjected to a frost of as hay no longes causes teart
disease

As already statedl, grass which has been subjected to a frost, even
a light frost, does not cause teart disease. Neither does hay from grass
grown on these pastures cause the disease.

Tasle 15

Percentage of the molybdenum gresent which is sofuble in water,
in normal ffesh grass, in ffesh grass which has been subjected fo ffast

and tn hay
Percentage of molyb-
%‘mth of Nature of the grass denum present, which
€ year Is soluble In water
Pasture fhom locality W
e { B o -8
sh grass
September  { Standing grass, half dead 58
June Hay 38
December Grass that had been subjected te frost 13
Pasture firom locadity K
Fresh Grass 56
December  { Grass that had been subjected to frost 4

From Ferguson (112).

Ferguson (112) thought that the frost or the hay-making process
rendered the molybdenum insoluble in water, and consequently not
capable of being assimilated by the animal. This was confirmed
by measurements, the results of which are shown in Table 15
above.

We see, for example, that for the locality K, 56 per cent of the
molybdenum in fresh grass is soluble, while after a frost there is no
more than 4 per cent of this molybdenum soluble in water,

The total mineral element of the grass is of little significance

It is again apparent that the totel comtemt of the grass (or of any
food) in a mineral element has little significance. The fresh grass and
the frosted grass had exactly the same total molybdenum content,
but in the one 56 per cent was soluble in water, as against 4 per cemnt in
the other. The diffierence resulted i the first being extremely danger-
ous, while the secomd was harmless.
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Therapeutics of teart diaceheea

As it is known that copper and molybdenum are antagonistic, the
animals were treated with copper, orally or intravenously (112). In
addition, fertilisers containing copper were applied to the teart
pastures. These treatments of the animal and the soil proved in most
cases to be effective, but, however, not always. The exceptional
cases led to a closer study of the copper-molybdenuem antagonisem,
which is of great complexity, as already stated.

Higher content of molybdenum of the grass of young leys
in the first year

I have referred in my book Grass Productivity (388) to the fact that
in the grass of a young ley there is a disequilibrium in mineral
elements (Verdeyen) and that herds of cows grazing such leys
exclusively have a low fertility rate (Hignett) (156).

On the other hand, it is known that too high a molybdenum
content in the food may cause lesions of the reproductive organs,
resulting in a more or less marked degree of sterility.

In the University of California (28) it has been shown that the
grass of a young ley had a much higher molybdenum content in the

TaslE 16
Inffluemce of the age of the ley on the molybdenum content of plants
Designation of field A B C F H
Age of ley (veats) t2f1]2f1 31 ] 3|12
" ) J
Plant Mg. of molybdenum per kiz. of dry adattet
Ladino white clover 103 | 20 32, 8|56 30
Lucerne 21 6|17 7|14 5|17 | 8|30 | 15
Birdsfoot trefoil 105 | 48 | 90 | 67 | 55 | 26
White sweet elover 63 | 50 90 | 50
Rye-grass 201 7 7| 3

From Batshad (28).

ffirst year than in the ftlllowing years. This is shown in Table 16,
above, from which it is seen that in the second year the molyb-
denum content of the plant is sometimes three to five times lower
than that of the same plant in the first year of the ley.
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Thtee question anies as to whetiher tis aimormadlly High mollyi-
dienum contentt of te gess of a veny yaung: ey may e a comtnitbu-
tonyy canse of the steniiity notized by Higetit.

Whee B iim ettt melybdiemnim is antegamisic o copge, and
we iave allieady seen tthel copper deficiency may lead too stenillity im
CONS.

Enormaous variations in the molybdenuwh conitemnk of il

Miiilk is wery poor in coppet, and it is extiemely difficult to inorase
appreciaibly the: copper content of millk by increasing the copper con-
tent of tihe food.

On tihe other hand, if the melybdenum in e ration is raised, the
molybdenurm content of the milk of the cow can be considerably in-
creased, and even sometimes be multiplied by ten (73).

We may, therefore, accept the fact that cows grazing on soils with
a high molybdenurm content, or fed on the grass of very young leys,
will give a milk with a relatively high content of molybdenwm.

The question arises as to the effect on the baby, the man or the
calf of this milk with such a high molybdenum content.



CHAPTER 11

Disturbance of the equilibrium of the soil
similarly disturbs the equilibrium
of the blood

“Luxury consumption” of potash by the plant

WHEN potash is applied to grass (or to any other forage plant) it
gorges itself immediately and indulges in what the Americans call
“luxury consumption”. The result is that following the application
of potash fertiliser there is an enormous increase, of relatively short
duration, of the potash content of the plant.

For example, in the course of American experiments, a white
clover, on the soil which was being studied, had a content of 1-2 per
cent of potassium in the dry matter. Substantial applications of
potash fertiliser increased this content to 3 and even 4 per cent, that is
to say, more than treble (173, p. 60, and 384, pp. 51-53).

The application of potassie fertiliser to the soil may unbalance
the potassium-—magnésium relation of the grass

The application of potassic fertilisers to the soil has the effect
of tending to diminish at the same timne to a small extent the quantities
of magnesium and calcium absorbed. As Table 17 (p. 48) from
Klapp (189) shows, the result is a mineral disequilibrium of the

plant, the ratio E@—%&% being increased by 60 per cent. Some

of the consequences of this disequilibriur will be describe.

The figures contained in Table 18 on p. 48 were given (393) at the
Potassium Symposium organised in 1954 by the Imtemationzl Potash
Imstituite:. The study from which the figures are derived was umder-
taken in order to compare the: yields obtained and the increase in the
potassiumn content of the grass with increasing rates of potassium
fertiliser. The author concluded that when the dry matter of the grass
reached a content of 2-99 per cent potassium, there was no point in

& 47
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Table 17

Influence ofpotash fertiliser on the composition of grass

With fertiliser

Without fertilisers
P.O. + K.O N + PsO 6+ KsO

Relative variations

100 109 105
Kjo 100 135 125
CaO 100 100 90
MgO 100 90 78
K.O
N 0-71 0-82
CaO + MgO 0-50

From Klapp (189).

T able 18

Influence ofpotash application to the soil on the ratio of potassium
to magnesium in the plant

Composition of grass

Potash (KsO) Géass g

applied produce Potas- Mag-

Ib./acre [kg./ha.] Ib./acre [kg, /ha.] sium, nesium, KIMg
K (%) Mg (%)

0 6,900 [7,620] 100 0-85 1-18
57 [63 5,500 [6,100] 1-15 0-72 1-60
115 [127] 16,300 [j8,100] 1-16 0-62 1-88
230 [254] 21,000 [23,000] 2-99 041 7-30
570 [63S] 17,600 [19,500] 3-66 030 1210

N.B. (1) Although not stated, percentages of potassium and magnesium are
related to the dry matter,
(2) The K/Mg ratio was calculated by the author and does not appear in
the original article.

From Walsh (393).

applying supplementary dressings of potassium fertilisers, for the
yield not only did not increase, it diminished. This diminution in
yield he attributes to the fact that, beyond this point, supplementary
applications of potassium fertiliser give rise to symptoms of mag-
nesium deficiency in the plant.

It would have been very interesting, from my own point of view, if
he had studied the influence of potash on magnesium deficiency, not
only in plants but also in the animal consuming the plants.
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The danger becomes even more evident if, instead of examining
the two mineral elements separately, one studies their ratio. 1t will
be seen that potassium fertilisers have multiplied the potassium/mag-
nesium ratio by 7-00.

The many causes of giass tetany

Different aspects of grass tetany (*) were studied in Grass Produc-
tivity (388, pp. 123-128). There are many causes which may result
in an outbreak of grass tetany, but they all seem to amount to the
same thing, namely an ionic disequilibrium, with the result that in
the blood, relative to the magnesium ions, there is too strong a con-
centration of potassium ions, which causes a paralysing action on the
bulbar respiratory cenmtre,(*¥)

Dutch scientists have studied statistically the percentage of cases
of grass tetany as a function of the ratio in the grass

K or Potassium
Ca 4- Mg Calcium 4 Magnesium

a ratio which increases with the application of potash fertillsers to the
herbage.

Kemp’s (185) Table 19 on p. 50 shows that when this ratio is less
than 1-40 grass tetany is unknown. For ratios between 1-80 and 2:60
the percentage of tetany varies from 2 to 5, when the ratio exceeds
3-40 the percentage of animals affected by tetany exceeds the enorm-
ous figure of 17.

Excessive applications of potash fertilisers to the soil have
ultimately destroyed the equilibrium of the mineral
elemmemts of the blood

It must be emphasised that our excessive application of potash to
the soil has caused a disequilibrium in the soif, resulting finally
(through the intermediary of the grass) in a disequilibrium in the
elements of the bfood of the animal.

(®) Guass tetany is charactetised by sudden paralysis, reminiscent of that found
with milk fever. It has developed greatly in recent years in areas where ploughing
wp of permanent pasture has beem systematically practised. An intrememous
injection of magnesiurm salt often prodices a spectacular tecawvery.

(**) A question which, t me, seems not yet o have been dealt with, i i keow
if this disequilibtium between potissium and magnesiuen could affect the pata-
tiyneid glands, the emorel of which cawes convulbions and pasilysss.



50 SOIlL,, GRASE AND CANMCTER

One of Kemp's (135)) expetinments ait the Cenired] [rstibtute: of Agri-
cultued] Reseaich, Wageningsn, Hulland, effectively denmonstnates
titiss diient influenee of the clements of tie soil om elements of tthe Bllsod.
Eight cows grazed for a year gressiand tihat had received a monmeil
application of peotash, whille eight others grazed adijacent grassland
that had received heawy diessings of potash. [t was held that the

TasLE 19
Iiflience of mineral disequilibrium of grass on the ffequancy of
grass tetamy
Ratiio
K Peicentage of cattle
Ca + Mg affected by grass tetamy
Under 1701 0
1:01-1-40 ‘ 0
1:41-1-80 0-06
1-81-2-20 1-70
2+21-2:60 5-10
261300 6-80
3.01-3-40 17-40

N.B. The ratio ﬁ( Mg itseaopreaseel itnrmiillieemiivddensspperiey of fdhy rrmateet.
From Kemp (185).

average magnesium content of the blood serum was about 2-4 mg./
100 c.c. (considered a normal comtent in cows), while the magnesium
content of the serum of the secomd group (grazing grass heavily
dressed with potash) fell to about 1-4-1-8 mg. This represents a fall
of 30-40 per cemt of the magnesium comtent of the blood serum and
shows an important disequiliibrium of the mineral elements of the
blood, resulting ultimately in a deficiency of magnesium. The most
effiective treatment of grass tetany is an intravenous injection of
magnesium salt to the affiected animal. This has resulits as spectacular
@s those off calicium in milk fever.

It is not 2 case off abandening the appliication of potessinm
fertillisers, Ibut off aygpemtimmimng e dressings wisely

It iis mot fior one momant being suggested that the use of mineral
fetilisers showlld be sbandoned. Wit its essantikal is that thefir wse it
judicious.

A cousin off miine, in 1857, applied 15340 ith. jacre [[7500 kg jbha.)
potassicc slbgg ((withh 14 par cant potash) iin ane diressing and myareged to
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produce two cases of grass tetany im an area where this disease is prac-
tically unknown. His daring example is obviously not to be followed.

1 recently observed a very informative case in Upper Bavaria. In
this mountainous region, where the permanent pastures are hardly
ever ploughed up, grass tetany is extremely rare. However, with the
co-operation of the District Veterinary Director, 1 was able to visit a
farmer, one of whose cows had been attacked by tetany that very
morning.

The farmer and the veterinary surgeon, who was also present, were
firm in their assurances that this was the ffirst case of grass tetany on
that farm. It was pointed out to them that, if this was the case, some
change must have been introduced into the grassland-management
policy. The pastures had never been ploughed up, and so the ques-
tion of fertilisers was examined. It appeared that, ffor the first time,
the farmer had used a complete fertiliser with potash on his pasture.
The quantity applied (29 ib./acre [32 kg./ha.] KAD), however, did
not seem sufficient to start tetany. After further questioning I
learned that heavy applications of liquid manure (which is particu-
larly rich in potash) were also made each year at the beginning of
March. The deessing of potassium fertiliser had been applied at the
end of March, which meant that the grass had the potash of the liquid
manure and that of the mineral fertiliser simultaneously at its disposal.
The result was immediate “luxury consumption”, giving tise to
tetany in the animal.

The only advice that I could give to the farmer was to apply his
potassiurm raineral fertiliser fater in the season, in Jume, for example,
to give the potash in the liquid manure time to be consumed by the
grass. This would avoid excessive potash enrichment of the herbage
while allowing him to benefit from the increases in yield that stem
from the application of potassium fertilisers.

Enormous numbex of cases of grass tetany on certain English
farms

Four years ago I visited an English farm. Previously the farmer
had explained to me his methods of management—ne permanent
pastute and only young leys regulatly reseeded, pasture ratiomed
with a single wire, gtazing of hedbage always very yaung, considera-
tion of rest period completely ignored, enormous applications of
fertilisets, and particulaily of potash and nittegemn.

Thils Emglish farmer explained his anxiety, which is that of mamny
other Emglish farmers using the same methods, the frequemcy of grass
tetany on his farm.
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It was the month of July, and in a herd of 150 cattle he had had
since the beginning of the year twenty-one cases of grass tetany, of
which two were fatal.

By mere chance, during lunch, an animal was affected by grass
tetany. The wife of the farmer herself made the intravenous injection
of magnesium. The animal returned almost, but not quite, to normal.
As a result, the vet. was called.

Heal the soil so as not to have to heal the animal

When the vet. had finished his visit we had the opportunity for a
chat. I asked him what was, in his opinion, the cause of these many
cases of grass tetany on his client’s farms. He replied that he did not
know. I then put to him the question: “Doyou know to what extent your
client employs potash on his grassland?” The reply has remained
fixed in my memory: “This question concerns the farmer. My role
is to care for sick animals and to cure them.”

I think that it is exactly this idea which should not dominate
veterinary and medical science in the future. It is not merely a
question of healing the animal or Man stricken by disease, it is
necessary to heal the soil so as not to have to heal the animal or Man.

We concentrate our efforts on the results and neglect the causes.

Intravenous injection of magnesium salt is good, but if it is the
excess of potash fertilisers which causes grass tetany (there may be
many other causes) I prefer to reduce or space out these fertiliser
applications. It is more economic, and above all it safeguards the
health of the animals more certainly.

In examining (in the following chapters) the possible (if not
probable) réle of magnesium in the two most serious diseases of
civilisation, we will better grasp the imperative necessity of concen-
trating on the causes and not on the conseguences.

The ratio of potassium to magnesium is unbalanced in white
bread

Although the subject of this book is not the study of nutritional
questions in themselves, but solely in their relationship to the soil, a
fact to which I have never seen attention drawn should, I feel, be
emphasised: the potassium/magnesium ration in white flour is more
than double that existing in wholemeal flour (Table 20, p. 53).

Grass tetany has clearly revealed the serious disadvantages of such
an increase, and in the following chapters the consequences with
regard to cancer and thrombosis will be examined.
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Tabue 20
Mineral elements in wholevaeal flour and in white flour

% ex- |
Potas- | Mag-
tl . K .
t%i:g%% s(ilu(i? ﬂgﬁgl)‘n K/Mg gﬁlm Ca -f Mg | lron Copper| Zinc
if

100 | 361 \mm&o 341 35?‘ 255 | 305 | 065 | 316

85 179 350 | 512 24-5 301 222 | 0-36 77
80 151 240 | 6-30 21-5 332 1-65 0-27 1-30
75 118 168 | 7-03 19-2 3-28 1-35 0-22 102
70 111 139 | 800 189 329 | 130 | 022 097

N.B. (1) Contents are exptessed in mg/IU0 g. of flowr supposed to contain 15
per cent moisture.
w Tﬂewg/hxg{ﬂ 01_: RII/E ratios have been calculated by the author but
are not given in Horder’s beok.
From Horder (170, p. 53).

Mention should also be made of the fact that in those countries
where supplementation of white flour with certain vitamins and
mineral elements is obligatory (170, pp. 159-164) the only mineral
element involved is iron, due to the fear that scarcity of iron in white
flour is a cause of aneemia (see p. 115). The addition of calcium is
optional, and in no case is there any recommendation or obligation to
add any of the other mineral elements, magnesium in particular.

Low magnesium content in the blood causes convulsions in
hurhans

Thiis comparison of grass and bread acquires its full significance in
the light of a recent observation.

Flink (119), in 1956, in Mimmeapelis, U.S.A., confirmed convul-
sions and muscle twitching in patients with a low blood magnesium
content.(*) The pacrallelism between the causes of grass tetany in
cows and those of this type of convulsions in Man is teuly striking.

(*) It is still not possible to state the morinal magnhesium content of the bloed.
Thre figure depends very rmuch, among other things, on the method of analysis. [f
the methed of molybdodivanadate titiation is wsed, the notmmal eontent would be
1-91 emilli-equivalents/litree. If the titanium yellow method is used, the normmal
figure would be 2-27 n'nl]il-equwalents (119). This is further evidence of the limita-
tiens of chermical arallysis.



CHAPTER 12
From: grass tetany to cancer and thromidesis

Possible lessomns to be leacned from grass tetany

Grass tetany is one of the results of magnesium deficiency,(*) The
consequences which this deficiency, whether direct or indirect, may
have with regard to two of the greatest scourges of humanity will be
examined in the following pages.

Magnesium and eancer

The question of the relationship between magnesium and cancer is
a vast one, and gives rise to heated arguments, which, unfortunatefy,
are not always disinterested in the opinions expressed.

More than thirty years ago the French doctor Delbet pointed out
that dietary deficiencies of magnesium appeared to cause cancer;
and the use of potassium fertilisers, in so far as these are
antagonists of magnesium, apparently favoured its development.
After protracted study of the work of Delbet (89-90) and his co-
workers (301-302), 1 must say in all sincerity that, although certain
of the observations made are indeed disquieting, I failed to find

convincing proof for such conclusions.
However, the Dutch workers Tromp and Diehl (94, 373-376),
in 1956, stated that the low magnesium comtent of certain water,(**)

{") The weord “deficiancy™ is to be understood neot in the absshute but in the
relative sense. The “absohuie™ amouint of maghesium present may appear to be
suffiiciant, but an excess of potassium may create a deficiency.

In the interests off simplicity the potassium imagnesivim ratio has been singled
out, but it must not be forgoiten that this egquiliibrium is dependent on many other
equilibria, among them the calldium/magnesium ratio. Many workers (270) have
shown that = ration very rich in calldiun can prevent the sibsorption of magmeshum,
Ansdier imparntant ratio is that of potassium/sedium, which plays a fundamental
part i cardiac and vesoular diseases. Heve again dhe golden rule of eguilibrium
helds. ‘Too kigh 2 canaeiration of potasdium (249, p. 937) has 2 paralysing efffsat
o) the myocardingm ;; imverselly, exeess sodium, wiich oreaies an indirect
off potassim, cavses lesions off the myseadium (345). The fumdamental rble of
[PotEssium iim musmhmeﬂaboﬂmm i general should bhe berne i miind (L9).

{**) See Tromp and Didhils meps (. 257) fiar the geagashicsl dhmwim
aff cremeer iim $iolfkamd.

B
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particularly of purified river water (16) (the source of drinking-water
in many of the spreading towns of today), seemed to be one cause of
the much higher mortality from cancer observed in suburbs and dis-
tricts where purified water of this nature is drunk (see pp. 247-249).

But, I believe that the outstanding discovery of properdine reveals
in a new light the action of magnesium in cancer.

Properdine is active only in the presence of magnesiurm

Details will be given later (see pp. 104-106) concerning properdine,
which was discovered some four years ago by Pillemer (282-285).
Properdine plays a part in the composition of what is known as the
“properdine system”, thanks to which the human or animal
organism possesses a non-specific power of resistance against
attacks by infectious (*) agents. Essential to the functioning of this
system are the magnesium ions, without whose presence it is completely
inactive,

In 1957 the most daring experiment ever undertaken in inoculating
humans with cancer revealed the réle of the “properdine system” in
protecting Man against this dread disease.

Convicts, the guinea pigs of cancer

Southam, Moore and Rhoads (343, 344) of the Sloan Kettering
Cancer Institute (New York, U.S.A.) asked the Columbus Peni-
tentiary for volunteers for grafting with cancerous human cells.(**)
The aim of the experiment was to compare the development of these
grafted cancerous cells: (a) in normal subjects, and (b) in subjects
suffering from cancerous tumours. In this way it was hoped to study,
and perhaps to determine, factors contributing to the prevention of
the development of grafted cancerous cells in certain subjects.

The following facts were established:

Grafted cancerous cells develop much more quickly and much
more obviously in sufferers from cancerous tumours than in normal
subjects. In two of the former group the development of the grafted
cells was unlimited and continuous throughout the whole period of
survival (six to nine weeks): in one of these cases the grafted cells
gave rise to metastasis in the local lymph glands.

By contrast, in the healthy subjects not suffering from cancerous

(*) Or pathegenic, i.e., capable of eausing disease.
(**) This involved homografts of cancerous human cells achieved by means of
subcutanedtis implantation.
-
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twmowrs the grafted cancerous cells retegmessed and then dis-
appeared.

The blood of a tumeut sufferer is low in the “properdine
system”

What was the: element that gave the healthy subject such a power of
resistance that the cancerous cells were unable to develop, and even
were destroyed? Up till now (#) only one element has been found,
but it is of remendous importance.

The subjects who most successfully resisted attack by the grafted
cancerous cells were those whese blood was richest in the ‘pmperd‘nm
systin’’. Conversely, the lowest contents of “properdine system'
were found in the blood of subjects in whom the development of the
graft had been so rapid that they died within six to nine weeks.

Low magnesium content of the blood favours cancer

It is possible that a low content of “properdine system” in the
blood was due to an insufficiency of properdine (**) itself.

But one thing is certain: whatever the quantity of properdine, its
activity and efficacy are governed by the amount of magnesium ions
present.(***) In other words, a direct or indirect (****) deficiency
of magnesium will reduce the activity of the properdine system, that
is to say, its content in the blood serum. It might even be said in
broader terms that with any disturbance in magnesium metabolism
there is the risk of a reduction in the activity of the “properdine
system”, an element of protection and defence against cancerous
cells,

These are hypotheses, it is true, but in view of the fundamental
and essential part played by magnesium (*#***) iin the functioning of
properdine, they merit all our attention.

€ With the techniques known o presemt it hias been impossible to establish the
formatiom of amtibodies ag}am gmlfmﬂl oells.

*) Or off

%:") 1t is not @ case oﬂ‘m ai&@llmte but of @ relative albundance, i.e., the eguili-
brium of magnesium i meﬁ@m@ﬁmsmmgmm such @ potassium.

(***#*) Hyperthyroidiam is always scoompanicd by a fll im the magnesiuws
oomtemt of the iblioad (119).

(*®ee*) The gsiliien ru e off equilkibiim applies o Mmagnesium @5 16 every ofher
faeriar: too miuch or too livte is harmful. Excess of magmesium in the muscles can
gilve gise tio seriimus trouble. Moreover, st the University of Duwblim fim 1957 Hingernty
(139) and Comey foud @ catsin parallclinm betwenn the efftatts of an cxoess of
mEgnesium iomes aed @n edirensl] defidancy.
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Thrembesis

Present-day statistics in all countries reveal a higher incidence of
thrombeosis, with greater frequency of embolism, despite the ever-
increasing use off so-called anti-coagulants.

The causes of thrombosis are still partly obscure, but it is known
that destruction of the thrombocytes (*) plays a decisive part in
intravascular thrombasis. To try to protect the thrombocytes against
such destruction is therefore logical.

Magmnesium hinders destruction of the thrambocytes

It has been successfully shown in witro (in the laboratory) that the
magnesium of the plasma stabilises thrormbocytes.

Voelkel (383) was able te confirm this finding in humans by means
of parenteral or oral administration of magnesium, whereupon
clear stabilisation of the thrombocytes was ascertained. It has been
concluded, therefore, that the magnesium of the blood serum is to be
regarded as a “physiological antithrombotic™ (physiologisches Anti-
thrombotikurm).

Preventive treatment of thrombosis by means of magnesium

In 1957 Schnitzler (316}, at the Gymaecological Clinic, Karlsruhe
(Germany), used magnesium (**) to prevent thromibasis in women
following childbirth. On the basis of eighteen months of experience
he estimated that preventive treatment by means of magnesium
was superior to the use of anticoagulants, and accompanied by much
less risk.

Spectacular cure of thrombosis using magnesiwm

At the Johannesburg Institute of Medical Research in 1956 some
South African doctors (40) found that parenteral injections of mag-
nesium sulphate produced a “dramatic clinical improvement” in
patients actually suffering from an attack of coronary thrembesis ot
whae had previously been the victims of such an attack. Continuing
their studiies in 1957 they observed that a low magnesium content
was afways accompanied by a high chelesterel content in the blood

(*) Thoniteoytes or platelets are small dise-shaped elements in the blood.
u%:ﬁ-.)) Magnesimm citrate: adeministration either otal, intivenous o intiamus-
eulat.
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serum. Tw better understand the importance of this inverse relation-
ship, it should be remembered that the cholesterol of the blood serum
is genetally admitted to play a fundamental réle in arterial diseases

(142).

Disequilibrium: of the mhinetal eleanents in the soil and the
diseases of civilisation

Thiis suewey of the importance of a deficiency (direct or indirect) of
magnesium in the diet and of a fall in the magnesium content of the
blood serum with regerd to the two main diseases afflicting civilisa-
tion is all too brief. But the importance of the title of the preceding
chapter will now be better undetstood. It may be developed as
follows: “In upsetting the equilibrium of the mineral elements in the
soil, we upset the equilibrium of the mineral elements in the bl
This latter disequilibrium, so far as magnesium is concerned, appar-
ently aids the development of cancer and thremibesis.



CHAPTER 13

Relatiomship between copper mvid magnesium
in the blood

N.B. This chapter may be omitted by non-specialist readeri
without prejudicing their comprehension of later chapiers.

Disturbance of copper and magnesium metabolism in cancer

Rererence will be made later to the many arguments which appear to
prove the existence of some copper metabolism disorder in all
sufferers from cancerous tumnours (see p. 199). The various factors
showing the réle which a disorder of magnesium metabolism can
play in cancer have just been examined. The guestion may therefore
be asked what relationship exists between these two metabolisms—a
question which, to my knowledge,(*) has nat so far been studied.

The milk-fed veal ealf is a deficient animal

A personal experiment may be of interest. 'The Central Veterinary
Laboratory at Weybridge was kind enough to send me Mrs. Ruth
Allcroft and to put its laboratory facilities at my disposal for studlyiimg
various questions concerned with trace elements in my own herd. ]
should like to take this opportunity of expressing my thanks to the
directors and workers of the Laboratory, and to Mrs. Allcroft in
particular.

As a secondary experiment we investigated the extent to which
milk-fed veal calves (%#) are deficient in copper. Milk (see pp. 113
and 118) is very low in copper, so much so, that when one
wants to create copper deficiency in adult rats or pigs, one feeds themm
exclusively on milk. It seemed logical therefore to think that the
white veal calves, fed solely on milk, that find their way into the
butcher”s shop must become progressively more deficient in copper.

(®) This does not mean that such a study does not exist.
(**) The calves in question are veal calves with white flesh that drink only milk
and arrive in the butcher’s at the age of six te eight weeks.

59
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[ another conmection Parr (Z77), at Weybtidipe, observed tetamy
amomng milk-fed veal calves caused by a deficiency of magnesium:
im gemenall, these were refatively old calves.

Parallel fall in copper and magnesiuin in the blood of millk-fed
veal calves

Mtz Alleroft, mmy own vetetinaty sutgeon, Dir. [ecomte, and I de-
cided to see whether the copper and magnesium contents of the
blood serum fell progressiwely as the age of the calves increased. [t
was obviously impassible to ask Mts. Allcroft to come to my farnm
every two or thiee weeks to follow the development of a particular
calf. Itwas decided therefore to take measurements from four milk-
fed veal calves that [ was in progess of fattening: the results are con-
tained in Table 21, below.

Tabie 21

Paralle! and progressive ffull in the copper and magnesium contents
of the blood and blood serum of the milk-fed veal calf

Mg. in 100 c.c. Mg, In 100 l Relative varlations in
Age of calf bleed serum c.c. bleed ‘ the content of
(in days) ‘

Calcium ,Magnesium | Copper lMagnesium { Copper

20 11:0 20 011 | 100 100

38 110 19 0-12 95 109

54 114 19 0-09 95 91

92 12-5 | 1-0 0-05 50 46

N.B. (1) The measurements were made on four different calves in the Voisin

herd.

(2) The 92-day-old calf went for slaughter the following day.

(3) The blood samples were taken by Dr. Lecomte,

(4) The measureiments were made by Mrs. Ruth Alloreft of the Central
Veterinary Laboratory, Weybridge (England).

It is indeed remarkable that, although these figures were not
obtained firom one calf, the copper and magnesium diminish im the
same proportion. This parallelism is striking and merits clarifiication
in the future.



CHAPTER 14

The cestrogens of grass

The cultivation of subterranean clover in Western Australla

A great part of Western Australia has succeeded in maintaining 2}
million sheep thanks to the introduction of subterranean clover, of
which—almost exclusively—a local early flowering variety is used,
namely, Trifolium Switerraneum, Var. Dwalganup.

Pastures which previously could carry only 0-50 sheep to the acre
could carry 1-0-2-0 to the acre after the introduction of subtertanean
clover, which develops perfectly provided that the soil receives regular
applications of superphosphate and, in some cases, zinc, a teace ele-
ment deficient in this region (80, 81).

Losses caused by subtefranean clover

Suddenly in 1941 there appeared sterility phenomena in the ewes
which grazed this clover. The pereentage of lambing fell to even less
than 10 per cent in some flocks. This sterility was accompanied by
certain anomalies of the reproductive organs, such as inertia and in-
version of the uterus, These complications resulted in the death of
almost 30 per cent of the ewes, and were accompanied by other
curious phenomena.

The udders of the ewes which were not pregnant developed and
they yielded milk.

The uro-genital organs of the castrated males were affected by
different malformations, which sometimes resulted in death.

It is to be remarked in passing that cattle and horses grazing this
subterranean clover reproduced normally and did not show any
anormaly.

Research on the estrogens of subterranean clover

It was evident that these phenomena of ewes and sheep recall these
which are produced when a pellet of a synthetic asstrogen, such as
stilbeestrol, is implanted under the skin of the animal. The Australian

61
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veterinatians and biochernists applied themselves to research on
cestrogens (ferale hormones) in the subterramean clover.

The work of identification was rendered difficult by the fact that
the oestrogens discovered up to then in plants were of the steroid
family. Many chemical techniques had to be modified in the course of
the research.

Anaslyses of green grass are only analyses of dried grass

It was made clear in a striking manner that analyses of so-called
green grass are only analyses of grass dried more or less rapidly at
ternpetatures more or less high. It was shown that this drying
destroyed the cestrogens (36, 37).

It was necessary, then, immediately after cutting to immerse the
clover in ethyl alcohol (81) or to extract the juice freshly pressed
which was treated and sterilised immediately (202).

I quete this analytical detail of the Australian experiments to
show a new aspect of the errors which are made in methods of grass
analyses. Actually 100 per cent of routine analyses and probably
99 per cent of research analyses are made with dried grass in which
the drying operation is performed after a journey of several hours or
mote. It is inaccurate and unseientific to call such an operation an
analysis of green grass.

Now, the osstrogens, as I have just said, are destroyed more or less
partially by drying, but many other bodies—known or unknown—
disappear with equal rapidity after the herbage is cut. That is true,
for example, in the case of the natural antibiotics (385).

The {soflavones as plant cesirogens

Finally, in 1951 the factor responsible for the assirogenic activity of
subterranean clover was successfully isolated. It was a known
substance, namely, genistein, which had already been found in the
form of glucoside in leaves and flowers of dyers” broom (Genista
Tinetoria), whence its name (81).

Genistein is the 5:7: 4'-trihyatoogyijoflavone. This osstrogen,
then, does not belong to the family of steroids, and there have since
been discovered several vegetable ossirogens of the family of iso-
flavones, for example, in red clover: biochanin (288) (5 :7-di-
hydroxy-4"-mettimsy~iiafiavone) (see formulze in Fig. 8, p. 63).
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The casualties disappeared without anyone knowing why

The discoveries were particularly interesting. However, in my
opinion their great lesson lies elsewhere.

Returning to the point from which we started—the sheep flocks
grazing the subterranean clover—what happened to them during
these ten years of research?
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Fig. 8. Formulas for flavone, itoflavone and genistein.

If the Australian farmers had been obliged to wait for the con-
clusions of their biochemists there would doubtless have been no
more sheep in Western Australia.

We come now to the curious fact that from 1943 on casualties be-
came less frequent in the flocks, and they disappeared proguressively. I
will not detail the devices which the farmers used to modify their

grazing methods in order to reduce the percentage of the subterranean
)
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clover, but it was evident that “something else” had intervened to
cause the disappearance of the terrible casualties which had been
experienced before.

New research towards the end of 1952 (6) revealed the real cause of
the increase in the oastrogen content of subterranean clover.

Insufficiency of the application of superphosphates was the
cause of the casualties in the sheep

During the first years of World War II Australian farmers were
short of superphosphate and could not make the customary applica-
tions to their pastures. It was shown that the deficiency in phosphate
(and perhaps in sulphur) in the soil leads to a very great increase in
the o=sfrogen content of subterranean clover. From 1943 the supply
of superphosphate became more normal, though it was some years
later that it became abundant. There lies the explanation of the
appearance and disappearance of the casualties. There also lies the
real lesson of the disaster which struck the sheep of Western Australia.

Do we employ too much or not enough mineral fertiliseres ?

Many would make mineral fertilisers responsible for the ills which
affect animal and Man and would wish that they should not be em-
ployed. We have shown (pp. 35-40) that the cumulative effects
resulting from the employment of nitrogenous fertilisers can bring
very serious deficiencies, of which the consequences are incalculable.
I have, however, been careful to emphasise that it is not a question
of prohibiting the use of mineral fertilisers, but of employing them
judicitously, because many deficiencies which are experienced arise
ffrom the fact that we do not employ enough mineral fentilisers: in the
case mentioned in Chapter 9 we neglected to utilise fertilisers con-
taining copper in order to replace this metal, which our trebled
harvest removed from the soil with cumulative effect.

I have in addition cited numerous examples proving that the judi-
cious application of the usual mineral fertilisers improves the quality
of the plant and enables the animal to make greater live-weight gains.

The Australian experience has revealed a still more refined aspect
of the consequences of insufficient applications of mineral fertilisers to
the soil. The lack of phosphate (and perhaps of sulphur) in the soil
has disturbed a metabolic mechanism in the cells of the subterranean
clover, with the result that they are led to manufacture excessive
quantities of the amttrogen called genistein.

The conclusion will again be : exeessive and unbalanced applications
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of mineral fertilisers are a danger for the animal and for Man, but
insufficient applications of these fertilisers are equally dangerous.

Spring grass exerclses a stimulating effeet on the production
of milk

In the course of these observations on the osstrogens of the sub-
terranean clover in Western Australia, attention was drawn to the
asstrogens of pastures.

Seasonal variations of the aestirogen content of grass were measured,
and it was shown that the high level in spring was probably the cause
of the high production of milk of cows grazing spring grass. On the
other hand, the very great poverty of the grass at certain times of the
year could partially explain the low capacity for milk production of
this grass.

Here again is the golden rule of the mean and the danger of too much
or too little in the case of the cestrogens contained in the pasture.

It also seems that almost always forage and herbage plants lack
aesrogens and that it is necessary to raise the content if one wishes to
stimulate milk production. A more exact method of estimating the
importance and kind of osstrogens in different plants is now required.

(Esttiggen content of grass and of various plants

In the last five years research on the cesirogens of grass has been
multiplied. Results are shown in Table 22, prepared in 1956 by
German veterinarians {317, 318, 319).

I would emphasise only the following point: the enormous richness
in cestrogen of the flowers (800 ME) and above all of the stems of the
flowers (1788 ME) of the dandelion (ME = mouse-unit per kg.
artificial unit).

Here is a remarkable fact: during the great frosts of the winter
1955/56 the pastures of the North-West of Europe had been invaded
by the dandelion.

It is the same in my pastures. I have found that each time I put
cows into a new paddoeck they eagerly consurae the dandelions and -
are particularly attracted by the stems of the flowers. The question
arises whether the cow, with its extraordinary instinct, seeks, in the
dandelion, asstirogens favourable to its health and milk production.

I have said in my book Grass Productivity (388, pp. 109, 116) what
an extraordinary gourmet the cow is. English experiments (where
they had no dandelion) show that the preference of the cows is for
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plantain (ribwort), which we know today to be one of the plants
richest in natural antibiotics (385).
It is unfortunate that these valuable plants are considered as

TaBLE 22
(Estvogen content of various plants
ME per kg. of
dey matter
(1) Grasses;
Meadew Fescue 1200
Smooth-stalked meadow grass 500
Yellow grass 3400
White Agrostis 1250
Tishothy 700
Cocksfoot 1600
Rye-grass—
L strain 700
O strain 7000
NFG strain 5600
(2) Different Plants:
Dandelion—
Before flowering 77
Flowers 800
Stems of flowers 1788
White Clover 83
Red Clover 2270
(3} Mixttures of Plants:
Grass from pasture (G) 5898
Grass from pasture (W) 922
i

ME = artifielal unit = MAuseeinheit ~ mouse-unit.
From Schoop and Klette (318).

“weeds” and farmers are advised to sow “simple” mixtures not con-
taining these so-called *“weeds’ which are not found to have such
remarkable qualities.

Sterility due to liquid manure

Traditional peasant experience is against the application of liquid
manure to pastures. It is often stated that this idea comes from the
fact that cows do not readily eat grass on which liquid manure has
been spread. This is true, but is only one of the reasons which has
led farmers all over the world, expecially in mountainous districts, to
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spread, for preference, their liquid manures on meadows and not on
pastures. '

It is, in fact, possible to graze animals on pastures which have
received liquid manure, after a sufficient inteeval when rain will have
soaked the liquid manure into the soil. Cows then eat this grass very
well, but it has been found that they are affected with sterility for
some months (317) (temporary sterility).

Veterinarians who have observed this fact have discovered that
grass sprinkled with liquid manure has much too high a content of
estrogens, which they attribute to the influence of the hormones
contained in the liquid manure.

These studies are insufficiently complete for definite conclusions to
be drawn. In view of the current tendency to spread liquid manure
on pastures, it is advisable to bear in mind the risks (not mentioning
the risk of grass tetamy).



CHAPTER 1S

The ifestilivy of tihe animal i3 afnction of the
fertiliry of the soil

Manganese deficiency and sterility in rats and pigs

I® has been observed for some fifteen years that rations with in-
sufficient manganese cause sterility in rats (49, 338) and pigs (178).

It is much more difficult to provide ruminants with rations de-
ficient in manganese because of the considerable weight of these
rations, but the problem has been approached in another manner in
the state of Wisconsin (U.S.A.).

Sterility in many herds of cows in Wisconsin

For a number of years there have existed in Wisconsin numerous
herds suffering from sterility which affected the males as well as the
females, but was obviously more apparent in the cows. It was a
persistent sterility recurring from one year to another on the same
farms.

Studies made in the University of Wisconsin (38) showed that this
sterility appeared in the districts where the total manganese content
of the fodder was particularly low, namely, less than 20 mg. of man-
ganese per kg. of dry matter, while it is generally in excess of S0mg.(*)
in districts where the fertility of the cows is normal.

Charactietistics of the organs of the cow on soils poor in
manganese

The manganese content of different organs of the cows were studied
in the normal districts and in the districts where the soil was lacking
in manganese and causing sterility.

Although the fiodders poor in manganese brought about abnormal
changes in the structure of the livers of the animals, no difference in

{*) With the reservation that the fotal conternt does not take into acsoumt those
forms where manganese iis found in the plant.

&8
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the manganese content of this organ was found. The conclusion was
drawn that the animals have a particular capacity—in very different
conditions—of maintaining constant the manganese content of the
liver (which is not the case with copper).

The Wisconsin scientists finally decided that there was only one
organ of the cow in which the manganese content was affected by the
richness of the ration in this element, namely, the ovary.

In the case of rations in the districts poor in manganese the ovary
of the sterile cow contained 0-65 mg., and even less, of manganese per
kg. of dry matter, while the ovaries of cows in the normal districts
contained 2 mg. of manganese per kg. of dry matter (38).

If this fact were confirmed, it would be of great importance and an
analysis in the abattoir of the manganese content of the ovaries of
sterile cows would perhaps provide information on the possible réle
of manganese in the sterility observed in certain regions.

The analysis of the total mineral element of an organ does not
indicate the available amount of this element in the soil

These observations, from the point of view of chemical analysis,
illustrate the change in status of analysis mentioned earlier. Analysis
can give us in a precise manner only the total quantity of a mineral
element, whether it is a question of the soil, of the plant or of an
organ.

It is possible that the manganese of the ovary is found under
several forms and combinations, not all exercising the same activity.

But if measurement of the total content of manganese in the soil
is not strictly significant there is reason to hope to find a marked
significance in the total content of manganese in an organ, especially if
the total content in the organ diminishes when physiological abnor-
malities appear.

Here, then, is a good example of the change in status of chemical
analysis which alone can render this analysis useful in the réle of the
biological test.

Identical calves can vary in fertility

Among the experiments of the University of Wisconsin there is
one which seems particularly interesting and rich in information.

Two groups of female calves (14) were raised on well-balanced
and identical rations, except that one of these rations was composed
of fodder and grains coming from one of the districts deficient in
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manganese and that the other group received the same foods produced
in normal districts.

The two groups developed in an identical manner and their state of
health was the same, and they were served at almost the same age.
The heifers brought up on rations from the districts poor in man-
ganese calved before time or produced dead or very weak calves,
while those on rations suitable from the point of view of manganese,
calved normally, giving healthy calves.

The same experiment was made with male calves. They developed
quite normally and uniformly in the two groups, but at the adult age
the bulls, raised on the ration poor in manganese, gave a sperm of very
low quality. These bulls seldom made cows pregnant. The bulls of
the other group reproduced perfectly.

In both cases the troubles disappeared when the ration of fodder
and grains of the soils poor in manganese was replaced by those
coming from normal soils.

Animals which appear well may be in a conditien of latent
ill-health

The above experience of the University of Wisconsin is a very
good illustration of what at sight appears a paradox and is yet a truth
—animals which appear well may be in a condition of latent ill-
health.

The male or female calves raised with the fodders and grains com-
ing from soils deficient in manganese have had exactly the same de-
velopment and the same appearance as the calves fed on the same
ration coming from normal soils. These calves have therefore an
identical “biography” and an identical appearance.

No stock farmer or veterinarian would have thought that the calves
were developing a fault in their functions of reproduction.

Here, then, is a typical example of the “subtle influence of a soil
element on the metabolism of the reproductive cells only while the
metabolism of all the other cells remains intact.

This disturbance of the metabolism of the reproductive cells while
all other cells function normally will not manifest itself by any
external sign so long as the demands of reproduction are not made on
the animal. Here were apparently healthy animals with disease
symptoms unrecognised.

If the male calves had been castrated and then fattened as steers
the defect would never have been discovered.
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Soil off mediocre fertility results in an enimal of mediocre
fertility

1t is logical that a deficiency in the soil insufficient to disturb the
metabolism of all the cells of the animal can, however, afffiect the more
delicate mechanism of the reproductive cells.
An American scientist reminds us (2):
“The greatest physiological burden that a cow endures is that of re-

production, The first injurious action resulting from soil deficiencies will
make itself felt in the processes of reproduction of the cow.”

I would state further that: “A mediocre fertility of the soil mani-
fests itself before everything else by a mediocre fertility of the cow.”



CHAPTER 16
Hgromomte original sin

Diet of the mother and malformation of the ehild

Deav Jomn B. Saumnvers of the Californian School of Medicine
recently emphasised that the absence of certain elements from the
diet of the mother during pregnancy was the cause of many malforma-
tions occurring in children. He added:

“Almost all the malformatiens observed in Man have been reproduced
in laboratory experiments with rats by altering the mother’s diet during
pregmamcy. A diet deficient in folic acid (¥) produced virtually all known
types of abnermality in the hearts, arteries and veins of baby rats.

“There is almost universal failure to appreciate that most defects and
malformations in children are not mutations resulting from demage to the
genes which do determmine potential growth of facial and other dimensions
of the child’s physical appearance. However, even this control is only
potential, and the potentiality may fail to express itself due to nutritional,
endocrine, toxic and other disorders.

“Billions of dollars are being poured inte funds purporting to research
the possibilities of alleviating an ever-growing list of conditions which
might never have existed, had good nuttition been the national heritage.”

Cell metabolism in the child may suffer irreparable damage

The feeding of the mother therefore leaves a permanent physical
mark on the child, in the same way as, in the opinion of the Church,
Original Sin leaves its permanent moral mark. This particular
Original Sin I have chosen to call “agronomic origived sin™ to em-
phasise its origin. It is an “agronomic influence” to which the mother
has been subjected while she bore her child, and which marks the
child forever through the creation of defective metabolism of
certain of its cells. That is the subject matter of this chapter. This
influence can equally be exercised through the intermediary of the
milk which the newborn drinks, a subject which 1 will treat in
Chapter 13.

{*) Allso callled pteroyl glutamic seid or vitamin B0 Occwrs in abundance in
green leaves, liver and yeast. Valuable in the comtre] of ansentia.
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Enzootic ataxia

There exist numerous regions of the world where lambs are affected
with a nervous disease which causes a lack of co-ordination in the
movements of the animals (34, 35, 36).

The names given to this disease are numerous—sway-back, swing-
back, gingin rickets, lamkruis, renguera, etc., ete. 1 think the most
appropriate is enzootic ataxia, and I shall use that name here.

The disease especially attacks lambs, but it appears sometimes in
calves and occasionally in kids. Generally, the symptoms appear
immediately after birth. It sometimes happens, however, that the
animal is not attacked until the age of two or three weeks.

The animals remain lying down, moving their heads and making
spasmodic efforts to rise in order to suck their mothers. When they
suecceed, it is only to fall back on their sides. Generally, they can
raise only the anterior part of their bodies, the hind limbs being too
weak. Those which can move around have badly co-ordinated move-
ments, tlying to balance themselves in movement and finally falling.

Destruction of the myelin

Enzootic ataxia is characterised by a demyelination, that is to say,
by destruction of the myelin.(*)

The demyelination of the central nervous system demonstrated in
enzootic ataxia develops symmetrically. It can appear only as little
nuclei in the white mass of the brain or may develop so as to extend
completely over the two cerebral hemispheres. In the latter case,
liquefaction may occur and symmetrical cavitation may be observed
filled with liquid or a clear jelly.

There is always produced secondary demyelination of the motor
nerves of the spinal marrow, especially of those controlling the
posterior limbs,

Demyelination starts in the foetus

It has been shown that the modifications of the myelin begin to
occur in the foetus six weeks before birth and that they continue to
develop to a greater or lesser extent until birth.

What is certain is that the demyelination begins always in the

(*) Myelin is the soft substance which is contained in the sheath of Schwann of
the nerves. It gives a white appearance to the nerves which distinguish them from
the cellular structure of the neurons, which are greyish.

Myelin is formed of neutral fats, cholesterol, lecithin and several brain lipids.
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feetus, If it is already advanced, the lamb is dead at birth or dies
almost immediately afterwards. In less-severe development, the lamb
will live some weeks after birth. If it is a question of a very weak
demyelination the lamb will live all its life more or less abnormal.

In the case where instead of a lamb it is a question of a human
being we may ask if the many forms of nervous diseases which
continually develop are not the consequence of a nutritional deficiency
in the mother when she is pregnant.

Oral administration of copper to the ewe prevents the ataxia
of the lamb

It was quickly observed that enzootic ataxia was not hereditary and
was not caused by bacteria, viruses or parasites.

It was found besides that the disease was localised in certain dis-
teicts and that ewes transferred to other pastures did not produce lambs
suffering ffrom ataxia. It was therefore concluded that the pastutres
were deficient, as a consequence of a deficiency of the soil.

Australian biochemists, able specialists in deficiency diseases, set
to work and found that one could prevent the disease by administer-
ing copper salts orally to the ewes. The same result was found in
England {10, 11).

In both countries the results were spectacular and the oral admini-
strations of copper to the ewes resulted in the almost complete dis-
appearance of the disease.

Lesions of the nerve eells of the lamb are irreversible

What is remarkable is the fact that the administration of copper to
the lamb was absolutely ineffective, which indicated that the meta-
bolic disturbance of the nerve cells which was produced in the foetus
are of an frreversible character, There is a question, then, of an
“original sin” which will follow the lamb all its life if it succeeds in
surviving.

Deficiency of copper in the soil is the cause of enzootic ataxia

In every case it was proved that this deficiency of the grass in
copper was caused by the soil because the application of copper to
the pasture resulted in the disappearance of ataxia in the lJambs. It is
once more to be emphasised that it is not a question of grass poor in
total copper. That was the case in Austealia, where the copper con-
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tent of the dry matter of the grass was from 2 to 4 parts per million (¥)
(that is to say, very low); but in Derbyshire (Great Britain) the grass
of the pasture causing ataxia is rich in copper and sometimes the
content is as high as 22 parts per million. In the latter case it seems
that it is molybdenum, which is antagonistic to copper, which in-
directly causes a deficiency of copper. I have emphasised already the
complexity of this antagonism, which I cannot unfortunately develop
further. However, it is certainly a deficiency direct or indirect of
copper in the soil which causes in the ewe disturbance of the metabol-
ism of the nerve cells of the ffietus.

The soll, through the mother, has permanently marked the
offspring

Here, then, is a typical case of “original sin” due to the influence
on the mother, in the course of gestation, of a soil deficiency.

It is known that such deficiencies can be of natural geological
origin, but that they can equally be caused by our agronomic methods.
We have seen, particularly in the case of copper, how, through
cumulative effect, nitrogen fertilisers cause a copper deficiency
(pp. 35-40).

It can therefore be said that ataxia is indeed an “original sin”,
which has its origin in the soil, naturally or because of our agronomic
methods.

From ataxia to “raide” of lambs

In certain districts in France lambs are affected by “raide” (stiffness),

which, indeed, would be more properly called *jfasque” (flabbiness)
64, 65).

( It is not a disease of grassland, but of sheep barns, that is to say, it is
caused by winter feeding. It would seem that in this winter food it is
wet sugar-beet pulp which is the principal cause.

In *raide” brain cavitation has never been proven. One must,
however, not forget that in enzootic ataxia resulting from copper
deficiency, cavitation does not afways occur. It is therefore possible
that it is a question of copper deficiency due to a real deficiency in the
ration of this element or caused indirectly by the pulp. Unfortumaitely,
no studies have been made concerning copper in the tissues, particu-
larly blood and liver, of the lambs affected by *‘raide” or of their
mothers.

(®) “Normal™ richness is from 10 to 12 parts per million, with the reservation on
this total content that copper may be found in available or non-available forms.
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Another important point in “raide” is that the nerwe cells of the
lamb are affected not only in the feetus but by the mother’s milk as
well. It is even considered that the milk of the ewe alone is respons-
ible and if the lamb receives cow’s milk it is not affected by “raide”.
This question is controversial, for the results are not always the same.
However that may be, it would seem that the milk plays a very im-
portant part in “raide”,

“Pulp milk”

This is not very surprtising since we know that “pulp milk” (or
silage milk), i.e., the milk of ewes or cows fed on pulp (or silage) has
certain deficiencies.

Up to the present, studies have been made only on aspects which
manifest themselves by a loss of money, namely the deficiencies of
this milk, which makes it impossible to manufacture hard cheeses.
I refer to my treatise on Binchemical Alspects of SiVage (385), where
one will see the immense studies which have led to the conclusion—
rightly or wrongly—that silage milk does not contain vitamin H'
(pazmamimobenzoic acid).

Unfortunately, as in many other cases, attention is concentrated on
questions where important financial interests are concerned, but
sufficient attention has hardly been given to the influence of silage
milk on the health of calves or babies.

That brings us to examine the form of “agronomic original sin”
which can be attributed to milk, At first we shall consider briefly
certain disturbing characteristics of the new selections of white
clover.



CHAPTER 17

New strains of white clover which cause bloat
and affect the thyroid gland

The new strains of white clover which cause bloat

Veterivarians are familiar with numerous accidents observed in
young reseeded pastures. Among these accidents, one of the most
common is bloat.

These cases of bloat are specially due to the new varieties of
white clover, of which the three most common are

New Zealand Strain Ne. 1
Aberystwyth Strain 5.100
Ladino

while the good common white clover of our pastures has never caused
bloat.

The selection of forage plants does not take account of
the animal

The cause of this disaster is that in the Centres of Plant Breeding
varieties of fodder plants have been selected without full considera-
tion of the animal. More exactly the feeling has been that sufficient
consideration is given to the animal when one analyses the so-called
protein, what is called fibre and the different *“extractives”, etc.

These new varieties of grass have been and are being selected from
experiments on tiny squares which are cut with the shears. There is
hardly any concern for the methods of practical management in
which these new varieties will have to “live”. But the most serious
matter which has not been—and is not being—considered is the
influence of these varieties on the production and health of the animal.

However, it must be said that the new varieties of white clover
cause a few other troubles. It has been found necessary to study the
question more closely, and recent observations are more than dis-
quieting.
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Selected white clover contains at the same time a
eyanogenetic glucoside and a hydrolysing enzyme

The new varieties of very productive white clover, with large leaves,
were first selected in New Zealand some twenty years ago. The
chemical characteristics which distinguish these selected varieties
feom ordinary varieties were investigated so as to facilitate the selec-
tion and to avoid frauds in the seed tradie.

It was found that the highly productive varieties were characterised
by the simultaneous presence of (75, 239, 240):

(1) A cyanogenetic glucoside (#) composed of 80 per cent
lotaustralin (**) and 20 per cent of linamarin.(***)

(2) An enzyme, linamarase, which can hydrolyse the cyano-
genetic glucoside, liberating hydrocyanic acid.

The New Zealand geneticists considered that these two characters
combined permitted the certification of varieties selected for high
production.

In fact, ordinary white clover, whether of the Dutch type (Dutch
white clover) or of the “common European cultivated type™, contains
neither glucoside nor enzyme. Only (****) Kentish wild white
clover, widely distributed in England, is slightly cyanogenetic.

The New Zealand geneticists were able to show that the presence
of cyanogenetic glucoside and of linamarase was under the strict
control of hereditary genes (78).

The two characteristics to which we have just referred helped in
the selection of highly productive varieties of white clover, since it was
noted that the yield of these white clovers is all the higher as their
content in cyanogenetic glucoside is greater.

According to the words of a New Zealand research worker in 1956:

“The agronomic merit of the strains is measured by their cyanide
content.”

It would seem, therefore, that there was every reason to be satisfied
with this criterion of selection of white clover.

{*) Glucose ether containing hydrecyanie aeid.

(**) The lotaustralin is composed of glucose, hydrocyanie acid and methyl
ethyl ketone,

(¢**) The linamarin is the lower homologue, where the methyl ethyl ketone is
replaced by acetone,

(****) We may recall that a New Zealand investigaior (79) staied in 1939 that
there existed in the West of Franee a wild white clover strongly cyanegenetic which
morphelogieally resembled New Zealand Strain No. 1.
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Can the hydrocyanic acid liberated in the selected varieties
of white clover be toxic to the animal ?

The question obviously arises as to whether hydrocyanic acid
eventually liberated by the linamarase in the course of digestion may
be toxic for the animal. At the end of experiments and calculations
the conclusion was reached that the hydrocyanic acid was present in
quantities too weak to exercise a toxic action on the sheep or even an
unfavourable action on its production.

However, it was necessary to accept the evidence that these selected
white clovers had a strong tendency to cause “bloat” in the animals.

In 1948 it was observed in England (15, 113) that the juice of these
selected white clovers inhibited, in iitro, peristaltic contractions of
intestines removed from rabbits.

It was found as well that this white clover juice inhibits in the live
sheep the movements of the rumen. The question then arose as to
whether the agent causing such paralysis might be the hydrocyanic
acid liberated from the glucoside (88).

In Wales it was found that a steer grazing S.100 white clover and
which showed the first symptoms of bloat had a blood content of 0-1
mg. of hydrocyanic acid per 100 cc., which is almost toxic.

Thiocyanate—goitrogen (¥) factor

In 1949 (76) two New Zealand scientists were able to prove that
if, in certain cases, the quantities of hydrocyanic acid absorbed by
the grazing animal could be raised and cause an increase of the blood
content of this acid the latter was rendered innocuous with sufficient
rapidity because it was transformed into thiocyanate.

One might therefore be reassured. Unfortunately different scien-
tists had observed that thiocyanate is a goitre-producing factor be-
cause it impedes the utilisation of iodine in the blood by the thyroid
(21, 22, 27, 53).

It was shown (120) in guirea pigs consuming different white clovers
that 100 cc. of their blood serum contain 6-4 mg. of thiocyanate
(SCN) in the case of ordinary white clover against 13-1 mg. in the
case of a selected variety of white clover, or more than double.

When sheep consumed the selected variety of white clover the
content of their serum, which was normally 2-32 mg. of thiocyanate
per 100 cc., increased to 8-3 mg. or almaost four times as much.

{*) Goitrogen: causing goitre.
G
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Goitre-producing effect of selected varieties of white clover

Experiments with guinea pigs and rats showed a clear-cut goitre-
producing effect in selected white clovers (120). In the case of guinea
pigs it was shown, for example, that with these consuming ordinary
white clover, their thyroid contained 0-86 fig. of iodine and that this
content fell to 0+33 fig. (or almost one-third less) when these animals
were fed a selected white clover.

Other observations confirmed these findings, and in 1956 the New
Zealand scientists (59, 177) concluded that the selected varieties of
white clover, containing high proportions of cyanogenetic glucoside,
possessed a marked goitre-producing character.

For the better understanding of all the serious consequences of
this goitre-producing factor in the new varieties of white clover we
will see later the influence that the presence of a goitre-producing
factor in any forage plant can exercise on the animal and then on
Mam, via milk.

But before that it seems to me important to emphasise once more
the limits of chemical analysis of our plants.

Goitre-producing white clover is particularly rich in iodine

It is very remarkable that the analysis of white clover shows that
the selected varieties are much richer in iodine than the ordinary white
clover.

It was found on the average that selected white clover contained
fourteen times more iodine than ordinary white clover (68-4 /ig. of
iodine per 100 g. of dry matter against 5-0 pg.) (120).

According to classical analysis one would have thought that the
new varieties of white clover were very favourable to the proper
functioning of the thyroid. That, however, became meaningless be-
cause this same clover produced in the blood a factor (thiocyanate)
which prevented utilisation of this iodine by the thyroid. That
was shown by the biological tests with guinea pigs and rats, but
which chemical analysis of the clover—especially routine analysis—
could not reveal.

We shall now see another aspect of the goitre-producing effect of
green forage fed to our cows.



CHAPTER 18
Milk which prodiwees idiots

Goitre-producing effect of marrow stem kale

At the Central Veterinary Laboratory in Weybridge (England)
it was shown (332) that marrow stem kale causes very serious in-
jurious effects on the fastus carried by ewes consuming considerable
quantities of this forage plant.

While the number of lambs born alive and normal was 1-25 per ewe
in the control group, the number was 0-5 or less than half of that in
the group consuming considerable quantities of marrow stem kale.

In the latter case a high percentage of the lambs were born dead
and had a thyroid of abnormal size. Exact measurements showed that
the thyroid of lambs born in the control group weighed about 2 g.,
while the thyroid of lambs born dead or weak coming from ewes
which had eaten considerable quantities of marrow stem kale was on
the average 22 g., or eleven times more. It was found that in the first
case 100 g. of fresh thyroid contained about 50 mg. of iodine, while
in the case of the lambs of the marrow stem kale group this content
was only 6 mg., or eight times less.

It was concluded that the marrow stem kale eaten by the sheep
contained a goitre-producing or anti-thyroid factor.

Variability of the goitre-producing factor of marrow stem kale

The experiments are complicated by two facts. It is not certain—
as indeed in the case of other crucifers—that the goitre-producing
factor has always the same chemical identity. It is probable (223,
224} that it is a thiouracil or derivative (366).

This chemical variability of the goitre-producing factor can even
cause it, under the influence of certain external conditions, to lose this
character. The result is—as the Weybridge researches have shown—
that if marrow stem kale wery often contains a goitre-producing factor
if does not always contain it or at the same level.

There are variations according to the soil and the chemical condi-
tions.

81



82 SOIL, GRASS AND CANCER

The goitre-producing factor is mare abundant wadetr
conditions of high rainfall

McCarrison observed in Indiia thirty years ago that the goitee-
producing factor is absent in cabbage during dey weather, and be-
comes very abundant during periods of high rainfall (235, 236).
It has been observed that the goitre-producing factor is destroyed
by cooking.

Ancient peasant wisdom
As one of the Weybridge scientists has recalled (332):

“Shepherds for generations krnow that it is dangerous to feed pregnant
ewes with large quantities of marrow stem kale. On the other hand, they
know well that it is an excellent food for fattening.”

Thaditional experience of shepherds is found in every country.
Tiey did not know that marrow stem kale contains an anti-thyroid
factor injurious to the fostus carried by the ewe and favourable to the
fattening of the animal at the end of its life, but they acted as if they
knew because, from father to son, they had observed the consequences
of the presence of this factor.

Events as dangerous as the hydrogen bomb

In 1956 in the Western and South-Western zone of the Pacific
several atomic and hydrogen bombs exploded with suitable sensation
and effects.

Events, almost equally frightening, have passed in another part of
the South-West Pacific, in the Island of Tasmanie, and yet few people
in the world seem to have heard of them.

Development of goitre in Tasmania

An enquiry in Tasmania (67) in 1949 showed that simple goitre
was extremely common there. The frequency varied according to
age and sex. The highest frequency was found among girls from 15
to 17 years, and reached the enermous figure of 23 per cent.

At the end of these observations, tablets of indine were administered
to all the children, and fiive years afterwards a new survey was under-
taken. The surprising result was that simple goitre had increased in
certain regions among boys as well as girls, while it had strongly
diminished in others.
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In particular, in two districts, in spite of the distribution of tablets
of iodine, goitre had considerably inereased. The conclusion was
reached that the food of the children of these districts must contain
an anti-thyroid factor.

Goitre in children increases in frequency with quantities
of marrow stem kale consumed by cows

As a result of patient research, and guided by the work at Wey-
bridge, the Tasmanian doctors (67) reached the conclusion that this
anti-thyroid factor was contained in the milk of the cows of these
districts.

These cows consumed during the winter very large quantities of
marrow stem kale. It could even be deduced that the percentage of
goitre of the children increased sharply and constantly in proportion
to the consumption of marrow stem kale by the cows.

The milk of cows fed with marrow stem kale contains an
anti-thyrold factor

In face of the gravity of such an observation it was decided to
study more closely the anti-thyroid factor in the milk of cows fed
on marrow stem kale. Experiments with rats and mice demonstrated
the anti-thyroid action of this milk. Students presented themselves
as volunteers and, thanks to radioactive iodine, it was proved that the
milk of these cows inhibited the absorption of iodine by the thyroid.

In every case—whether it was a question of Man, rats or mice—
care was taken that the control groups received milk from cows con-
suming ordinary grass. It was shown that this milk did not exercise
any anti-thyroid action.(*)

“Cretinism” caused by milk containing an anti-thyroid facter
Three groups of fundamental observations can be made:

(1) Twovaonumonorfofagagplaitntstheh menevatrafive nof ofofidaite
clover (recommended at present for sowing down new pastutes),
and marrow stem kale possess an anti-thyroid factor.

(") Two other observations of the Tasmanian scientists, one a blochemist and
the other a veterinarian, were:
(rt) the anti-thyroid activity is found localised in the part of the milk serum
which is seluble in alcohel;
(6) the thyroid gland of calves born of mothers fed on marrow stem kale
showed different abnormalities—diminution of eolloid, inerease of the helght of
the cells of the follicle, hyperplasic modifications, ete., ete.
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(2) This anti-thyroid factor passes into the milk of the cow.
(3) Simple goitre develops in children consuming such milk.

Cretinism is particularly developed in goitre districts, and the
disturbance of the metabolism of the thyroid is reflected in mental
capacity. It can be said, therefore, that the milk from cows fed on
certain fodders has been the cause of slowing down the intelligence
of the children who have consumed it.

There lies another and tragic form of “agronomic original sin”.

Agronomie original sin Is the principal eause of the mental
illness of our children

I attribute part of the cause to the hectic nature of modern life, to
the privations and shocks of the War, to the results of venereal
diseases, which had already markedly developed before 1939, etc.
But I remain convinced that what I call agronomic original sin
remains the principal cause of this bewildering number of backward
children which we know to exist in France (actually 750,000) and
other countries.

In face of the colossal sums dispensed for these unfortunate back-
ward children, how much do we apply to the study of the two ques-
tions (among so many others) to which I have referred as types of
“otiginal sin’ causing more or less disturbance of the nervous and
cerebral cells: the influence of copper deficiency (direct or indirect)
of the mother on the child and the presence of anti-thyroid factors
in the milk of cows fed on certain forage plants. &

I would like to be proven wrong and that it could be shown that
discreet research workers are engaged in studying these problems,
but I am very much afraid that my opinion will not be modified, and
that I have to remain with the sad conviction that no research funds
have been expended on the study of these two pessibilities, only too
real, of “agronomic original sin®.



CHAPTER 19

Zine metabolism disorders must be remedied if
protection is to be given against diabetes

Automatic device for controlling the sugar content of the
blood

Diasetes (diabetes mellitus) is characterised by the incapacity of the
tissues to oxidise carbohydrates at the normal speed. One of the
principal causes of this disorder is the insufficient secretion of insulin
by the pancreas. As a result, excessive amounts of sugar are found in
the blood (hyperglycemia) and sugar is present in the urine (glyco-
suria).

In normal healthy people an increase in the glucose content of the
blood has a stimulating effect on the pancreas, which secretes larger
quantities of insulin. Here, therefore, is an automatic device allowing
regulation of the sugar content of the blood.

Two types of cell in the islets of Langerhans

Insulin is produced in the islets of Langerhans of the pancreas.
Separation of the cells A and B (sometimes called alpha and beta) of
these islets of Langerhans has been achieved in recent years (114),
and it has been shown that they produce two different hormones with
antagonistic effiects:

(1) The A cells produce glucagon,(¥*) the antagonist of insulin
(127), which brings about an increase in the sugar of the blood
(hypetglycasmic effect).

(2) The B cells produce insulin, which diminishes the sugar
content of the blood (hypoglycsemic effect).

(*) Also called hypergliycaemic-glycogenolytic factor because it accelerates
degradation of the glycogen of the museles. Equally it increases the breakdown of
ketones by thin slices of the liver ir witro (in the laboratory).
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Insufficient production (#) of insulin by the B cells is one of the
causes of diabetes.

Both types of cell in the islets of Langerhans contain large amounts
of zinc.

Zine and insulin

The addition of zinc chloride to an insulin solution retards its
physiological action and allows the hypoglycemic effect of the hor-
mone, if it has been injected, to be prolonged.

Pure, amorphous solutions of insulin have been crystallised with
radio-active zinc salts, and it was found (70) that the crystals formed
contained about 0-31-0;36 per cent zinc.(**)

Under the conditions of the physiological pH, insulin, which is
readily soluble, forms with zinc alone (or with zinc and basic proteins)
insoluble complexes which, as will be seen, apparently assume an
important réle in the B cells of the islets of Langerhans.

Close relationship between zinc and insulin in the islets of
Langerhans

An increase in the sugar content of the blood leads automatically to
increased secretion of insulin by the B cells of the pancreatic islets
of Langerhans. The mechanism is unknown by which the B cells
are incited by this higher glucose content to react immediately, dis-
charging more insulin in such a way as to lower that content and
return it to its normal level.

It is known, however, that from the functional point of view a
close relationship exists in the islets of Langerhans between the move-
ments of insulin and the zinc (***) that is present.

(*) Very probably due te a disequilibrium in production between insulin and
glucagon. In healthy people the islets of Langerhans contain 20 per cent A cells
and 80 per cent B cells. The constaney of this proportion is remarkable, and any
modification signifies a disturbance in carbohydrate metabolism. It has been
established that the propertion is modified in faveur of the A cells in diabetes,
causing excessive production of glucagon relative to that of insulin.

(**) This has led to the supposition that zinc is an essential fraction of insulin, a
hypothesis which, however, does not appear very probable in view of the fact that
the meta? can be replaced by nickel, cobalt and cadmium.

Moreover, the amorphous form of insulin, which probably centains no zinc, has
a physiological activity equal to that of the form crystallised with zinc.

{***) Detected histochemically.
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The amount of zinc present in the islets of Langerhans is a
function of feeding

Okamoto (271) observed in the course of experiments in Japan
that the amount of zinc present in the islets of Langerhans was a
function of animal feeding. When the ration was very rich in carbo-
hydrates there was less zinc in the islets than when the animals had
fasted or had received a feed rich in lipids and proteins.

By means of prolonged and repeated increases in the glucese
content of the blood, Maske succeeded in ridding the islets almost
completely of zinc.

Another important observation made is that after a patient has
been treated with alloxan (*) or other substances causing diabetes,
the islets lose a large part of their physiological capacity for stocking
up zinc.

Insulin is deposited in the B cells in the form of an insoluble
combination with zine

All these, and other analogous observations, led Maske (232), of the
University of Munich, to conclude in 1955 that a very close relation-
ship exists in the B cells of the islets between zinc content and insulin
deposit.(**)

Zinc and insulin, with or without proteins, form an insoluble
complex. Under the influence of glucose (or one of the intermediate
products in its metabolism) this combination is split, the insulin
rendered soluble and subsequently discharged into the blood circuit.

All zinc metabolism disorders interfere with the functioning
of insulin

Zinc is therefore the basic element of the automatic device which
retains or liberates insulin, thus regulating the sugar content of the
blood. Naturally, this mechanism is thcown out of gear by any sub-
stance that upsets the metabolism of zine; this reveals the funda-
mental rdle of one of the “dusts” of the soil in diabetes.

(* Alloxan (mesoxalyl-urea) allows diabetes ta be produced experimentally (334),
since it destroys B cells selectively without touching A cells (127). Other sub-
stances, stich as dithizone (diphenylthiocarbazone), have the same effect, It has
been established that these substances combine with the zine of the B cells, which
is then excreted in the urine.

(**) Or at least the immediate precursor of insulin.
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The noraal function of the islets of Langeshans thust be
cesioeed

[ believe that the informmation to be detived from these obsetvations
goes even further. Ulp tilll mow, the reasoning that has ditected the
treatment of diabetes has been the following: the: B cells of the islets
of the pamcteas are no longer capable of producing insulin—the
missing hotnone must therfore be replaced by insulin injections.
Such therapy is based on the effect and pays no attention to the cause.
The following logic might equally well be employed: a disturhance i
the functioning of the B cells no longer allows them to ptoduce the
necessary insulin; is it not pessible to repair this “breakdown™ and
get the B cells of the islets back into working order?

It appears that a very probable cause of the disturbance is a zinc
metabolism disorder. It is not unteasonable to think that if the dam-
age to the B cells is not irreversible they may possibly be incited to
begin again their insulin production. This would liberate millions
of diabetics from the servitude and dangers of daily insulin injections.

Recent work, in 1955, by Okamoto (272) shows that different
substances forming certain combinations with zinc are capable of
exercising a protective effect against diabetes.

All this leads us to hope that restoration of zinc metabolism to
perfect working order will enable the islets of Langerhans to re-
commence insulin production.

Protective medicine must prevent zinc metabolism disorders,
a catse of diabetes

From the point of view of “protective” medicine, the above reason-
ing must be pursued still farther. Attempts must be made to prevent
zinc metabolism disorders and thereby aveid disturbances in the
functioning of the islets of Langerhans. This will necessitate con-
sidering all the elements in the diet and in the soil likely to cause a
metabolic disorder of this “dust™.

Such a venture would provide real protection agaimst diabetes, for
then we should be struggling wiith the causes and not merely palliating
the consequences.



CHAPTER 20

Zinc and premature ageing aoff the tissues of
the prostate gland

Ageing of a cell corresponds to the wearing out of an engine

WHat is ageing or senescence of a cell? The replies to this question
are as vague as they are many, and gerontology, the science of the
phenomena of senescence, is still unable to provide even an appraxi-
mate answer.

Though still somewhat vague, the following reply fits the mecha-
nised age in which we live: “The ageing of the cells of an organ
corresponds to the oval piston of an engine.” An engine wears out
either due to a faulty oil supply or because it has been revolving too
quickly. Similarly, it may be said that the cells of an organ have aged
prematurely because their nourishment has been defective or because
they have been abused.

But what is the reason for this premature wearing of certain cells?
Is it because the “dusts™ that were previously properly assembled
have become misplaced in the harmonious construction of the cell,
forming a carbon deposit similar to that found on an old engine?

The answer will be provided by an organ which frequently ages
prermatuiedly.

The prostate gland is an organ whose cells frequently age
too quickly

THiss is an organ which ages prematurelly in Man and may be con-
sidered as a sign of the over-rapid wearing out of his cells. Autopsy
has confirmed that in 25 per cent of men over sixty years of age the
prostate is no longer nomai and is im a pre-cancerous state. s
means that the metaibolism of the cells of the prostate gland in these
men is no longer nommal (349).
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The swollem gland is removed, but no attention is paid to the
causes of the swelllimg

As long as this abnormal metabolism is mot expressed in excessive
swelling and does not exert too much pressure on the bladder, little
attention is paid to the defect. But whenever the swelling becomes
painful there is only one solution: remeve the prostate gland, an
operation neither easy nor without complications.

An enormous amount of research has been directed towards im-
proving this operation and, feom a surgical point of view, the results
obtained have certainly been remarkable. Imwestigational work into
the causes of the over-rapid ageing of the cells of the prostate gland,
however, is almost completely non-existent—another striking example
of the ideas held by modern medicine; effort is concentrated on the
conseguences, that is, on the disease itself, but hardly any attention is
paid to the causes.

It was only in 1956 that some light was thrown on the imperfect
metabeolism of a mineral element in the prostate gland.

High zinc content of the prostate gland

In 1952 Mawson (234) showed that in the rat the dorsolateral
prostate contains more zinc per unit weight than any other tissue.
He established also that activity of the secretional functions of the
prostate was always associated with a high content of zinc in the
tissues of that gland. Moreover, the tissues of a cancerous prostate
gland always suffer from zinc impoverishment.

Drop ia zine content in hyperirophied or cancerous
prostaie glands

At the Winnipeg Hospital {Canada) in 1956, Hoare (162), using
more precise methods, studied the evolution of the zinc content of
the prostate as a function of its physiological state. Table 23 (p. 91)
shows that even mild hypertrophy of the gland is expressed in a 35
per cent reduction in its zinc content. Where a cancerous tumour is
present, the zinc content is reduced to one third of the normal.

Ageing of the prostate goes hand in hand with a disorder
in the metabaolliem off zine

A fundamental fact is thus revealed: hypertrophy, that is, prema-
ture ageing of the prostate gland, goes hand in hand with an upset in
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zinc metabolism, the exact nature of which will doubtless be estab-
lished by future research. For our present purpose, however, this
fact shows clearly the part played by a “dust” of the soil in the
premature ageing of the prostate cells. The disturbance in zinc

Tasire 23

Zinc content of the prostate gland, normal, hypertrophied and
cancerous

| Mierogrammes of zine
State of the prostate | per gram dry matter
| of the prostate

Notmal (ne hypertrophy or disease) ‘ 744
Mild hypertrophy 486
Chrenle prostatitis (*) 470
Adeno-carcinoma (**) 273

(*) Inflammation of the prostate gland.
(**) Cancerous tumour,

From Hoare (162).

metabolism may have its origin in zinc not being present in the soil
in optimum quantity. It may equally be due to the unbalance of
zine and its antagonists, at least two of which, calcium and copper,
are known to us.

Faust's dream will always be a dream

The example of the prostate directs our attention towards the
question of the ageing of cells. Unfortumately, it appears as if such
ageing represents an irreversible decline. Faust’s dream will there-
fore always remain a dream: a “young” cell can never be made from
an “‘old” one. There is always the hope of escaping cancer or throm-
bosis, but no one can escape senescence of his cells. All that one
can hope to do is to retard the process.

Protective medicine must therefore direct its efforts in the main to-
wards preventing the metabolic disorders which bring about this
premature and irreparable wearing out of the cells. Ageing of the
cells must be limited as far as is possible. In the case of the prastate
gland the aim will be to reduce the speed of breakdowns in the
metabolist of zinc as much as possible.



CHAPTER 21
Specific immunity

N.B. The non-specialist reader may avoid this chapter with-
out thereby ffivdlimy himself in difficulty with the subsequent
text. Im view of the fintdhmemtal importance of this question
of irmmumity, however, the chapter has been written in terms
sufficiently sirple ifor it to be understood by the average edu-

cated person.

Specific defence

Teie organism is able to defend itself against the attack of a particular
infectious agent by means of a specific defence mechanism against
that agent only. When a person is in possession of a defence mechan-
ism of this nature he is said to possess a specific imnmunity against the
infectious agent in question. This specific immunity may be present:

(a) naturally, following a primary attack (visible or otherwise)
by the infectious agent; (*)

(6) as a result of inoculation with a specific vaccine of the in-
fectious agent.

For example, a person vaccinated against typhoid fever can defend
himself specifically against the infectious agent known as Salmonella
Typhosa, or “germ” of typhoid fever.

Antigens and antibodies

Any substance that stimulates the production of antibodies and (or)
reacts with them is called an antigen. Anithodies are substances exist-
ing naturally or induced by the action of an antigen. They react with
the specific antigen that created them.

These definitions do not in any way specify the nature of antigens
and antibodies: they merely state their existence in their relationship

(") Tt appears that a specific immunity of this kind can be transmitted to the
fortus through the placenta or to the infamt through its mother™s milk,

92
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to one another. Such vagueness is demonstrative of the almost non-
existent state of our knowledge of the nature both of these attacking
elements and of our specific defence.

Reaction mechanisms of antigens with antibodies are unknown

When we say that the antigens of bacteria create antibodies in the
animal or human organism we are simply giving utterance te
words,(¥) But what phenomena lie hidden behind these words
antigen and antibody?

What is known is that the specific reaction of antigen and antibody
can take place only in the presence of what is described as the
complement.

The complement and its enzymatie charaeter

The complement (or alexin) is a substance contained in fresh blood
serum which combines with complexes of antibodies and antigens
(even in the absence of any visible reaction). Its characteristics are
those of an enzyme.

Like antibodies, the complement:

has the property, in specific defence, of destroying certain in-
fectious agents (pathegens);

reinforces the action of opsonin (**) in non-specific defence as
represented by the mechanism of phagocytosis.(***)

The four fractions of the complement

The complement has been fractionated into four component ele-
ments designated as C/, CZf C3' and C¢{. Despite the studies of
fifty years, the chemical nature of the complement or of its com-
ponents is still unknown. All that is known is that C/, C2 and C¢
are proteins, but the nature of C3 remains a mystery.

(*) I feel that little progress has been made beyond Ehrlich’s diagram of toxin
receptors (Toxinrezeptoren), which still provides the best expianation of the
combination of phenomena described by the tetm “immunity™.

(*% For opsonin see p. 104. It has sometimes been supposed that the complement
and opsonin are identical, in view of their thermolability. This, however, does not
seem highly probable.

(##*) Por phagoeytosls see p, 103,
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Thyroid and complement

Little is known of the influences that can vary the complement
content of the blood, and thereby the organism”s capacity for anti-
microbial defence, to vary. It has been established (248), however,
that hyperthyreosis (excessive thyroid activity) increases the activity
of the complement. No one will dispute that the soil, through food-
stuffs and drinking-water, exerts a profound influence on the
functioning of the thyroid (see pp. 109 and 218).

It is possible, therefore, that the future will see a very marked
influence by the soil on the complement which plays a very important
part in specific as well as in non-specific defence (see p. 105).



CHAPTER 22

The soil, through fGadbvuffs, can controlf
specific immunity

Diseases in poultry as a result of domestication

Trhe animals whose environment and genetic characters have been
most upset by Man are probably poultey. As a result, they are liable
to a magnificent variety of “civilisation’ diseases, but this situation
has at least the advantage of making it possible to study the influence
of feeding on their specific resistance to various bacteria, viruses
and parasites.

Vitamin A, defence weapon against certain bacteria

It has been seen (p. 15) that the carotene (provitamin A) content of
plants is governed by the mineral elements in the soil. Investigations
into poultry diseases have demonstrated the important réle of
vitamin A in specific resistance, thus revealing, through this par-
ticular vitamin, the influence of the soil on specific immunity.

One of the best-known examples is that of white scour or pullerosis
caused by Bacterium pullerosum, against which vitamin A has a
markedly anti-infectious effect (216). When a flock of birds infected
with pullerosis was divided into two groups it was found that the
development of the disease was greatly reduced in the group receiving
a diet rich in vitamin A, as compared with the group deprived of this
vitamin (390).

Rdle of amino-acids in specific resistance against certain
parasites

Many poultry infections are caused by worms such as the Ascarida:
{Ascaridia galli). It has been observed that the resistance of chickens
to these worms is considerably increased by an abundance in the
ration of such, amino-acids (*) as lysine and leucine (301).

(*) Elements constituting proteins.
H 95
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It is a well-known fact that skimmed milk increases the resistance
of chickens to parasites, and Hansen (144), in 1953, was able to show
that this was due to its content of the amino-acids lysine and tryto-
phan.(*)

Mineral elements in the soil determine the percentage of the various
amino-acids in the nitrogenous fraction of plants (see pp. 7-12).
That the phenomena observed in poultry will extend to other species
also is a justified assumption. It may be supposed, therefore, that the
“dusts” of the soil, in modifying the amino-acid composition of
vegetable foodstuffs, affect the specific resistance of the organism to
bacteria as well as to parasitic worms.

Corn (wheat) protects poultry and mice against typhus

One of the diseases that ravage breeding flocks of poultry is typhus,
caused by a microbe known as Salimonella Galinarum. Smith (342),
in 1954, established that the percentage of birds attacked was much
higher where birds were receiving a so-called normal, balanced ration
than where they were being fed a ration consisting of corn grains.
At the Rockefeller Institute (New York) in 1956 Schneider (315) con-
firmed this finding with mice, whose capacity for resisting typhus
microbe (Salwonella Typthtmuriam) is greatly increased by feeding
with whole corn. Schneider concluded that foodstuffs contain factors
“capable of enhancing natural resistance to infection”.

White flour does not contain the factor that protects
against typhus

What was the factor present in whole corn (*#) that conferred on
fowls and mice this resistance against infection by Salmonella?

Using refined chemical methods (which he has described in detail),
Schneider was able to extract from corn grains the factor enabling
mice to resist the typhus bacillus. In this way he obtained the anti-
typhus substance in a concentration one million times greater than it
occurs in corn. He has not, however, succeeded as yet in determining
its exact chemical nature.

What is of particular importance is the fact that this anti-typtus
faxttor is not contained in white flawr, and has been extracted only from
the bran, that is, from the part eliminated from white flour in the
milling process. Thhis is a serious matter, one among many that should

(*) See Fig. 2, p, 6.
(**) Up to the present Schneider has found this factor only in corn, commercial
dried white of egg and malted barley.
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attract the attention of all those responsible for white flour throughout
the world (see pp. 52, 53).

Methods of cultivation and specific resistance

These whose interests are directed to the soil believe that the main
task for the future must be to study the influence that methods of
cultivation may possibly exert on the presence of the factors of
specific defence in foodstuffs, and particularly in cereals. It would be
very surprising if the “dusts” of the soil do not have on these factors
the same effect as on amino-acids and vitamins.

The influence of manganese on specific immunity to Bang’s
bacillus seems to confirm this belief.



CHAPTER 23

The manganese of the soil and immunity of
the cow against Bang’s bacillus

Abortions caused by manganese deficiency are not
necessarily of an epizootic character

From the experiments of the University of Wisconsin, described on
pp. 68-71, it was proved that deficiency in soil manganese caused
defects in reproductive functions in cattle. Tthese defects often took
the form of abortions. One of these scientists, however, emphasised
the following point:

“We found numerous abortions in cows fed on foddets and grains pro-
duced on soils deficient in manganese, but 7o miero-organism of brucel-
losis (#) was found in the foetus of the cow, which indicates that these
abortions were not due to this epizootic disease' (36).

On the other hand, in cows affected by brucellesis, spectrophoto-
meteic analysis of the blood and of the pituitary gland showed re-
duced concentrations of manganese (as well as of copper and cobalt)

Q]'L‘z()ﬁsin«-,se observations led to the idea that supplements of manganese
salts in the ration could play a protective andfor curative réle in
epizootic abortion (63).

A mineral salt supplement of manganese in the ration
has fio effect on brucellosis

Research workers of the University of Wisconsin then undertook
trials to ascertain the influence of supplements in the ration of trace
elements, particularly of manganese, on bovine brucellosis (39).
They found that the percentage of epizootic abortion was the same

(™) Brucellosis is the name given to two diseases caused by bacteria called
brucellas: contagious abortion and Maltese fewar: Brucellze of epizootic abortion of
cattle is called Bamng's bacillus. For brucelke, see p. 155.
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in the control group of cows as in those receiving this supplement.
It was, therefore, concluded:

“It would seem that there is no justification for the claims which have
been made concerning the favourable praphylactic and therapeutic in-
fluences exercised by supplements of manganese salts in the ration on bovine
brucellosis.”

These conclusions are correct and yet other experiments in another
American University showed that manganese plays an important role
in brucellosis.

Manganese applied to the soil is effective against epizootic
abortion

At the University of Missouri two herds of cows were tested (26).
All were affected by epizootic abortion, and the production of milk
had fallen heavily. During the entire duration of the study tests were
made for Bang’s bacillus. One group of cows was fed only with feed
produced on a soil which had received suitable mineral supplements,
in particular several trace elements—including manganese. ‘The
trials lasted four years.

All the calves, which were born after their parents had received food
produced on the supplemented soil, were absolutely free from the
Bang’s bacillus, although being continually in contact with infected
animals. Having arrived at adult age, the females calved without
accident. Furthermore, the health of the group receiving this food
coming from the supplemented soil had its health restored at the end
of a certain time,(#) the percentage of normal calvings increased
considerably and production of milk increased.

Brucellosis, as all infectious diseases, is a biological accident
These experiments led Albrecht to conclude (5):

“Brucellosis suggests itself as an illustration of our undue emphasis on
symptoms and pathology, while neglecting causes.”

and he said earlier (3):

“Brucellosis is not an infectious disease in the strict sense of the word,
but in fact is a deficiency disease,”

(*) These observations have again been confirmed recently by Albrecht (5). It
would be interesting to see them repeated in different conditions, permitting better
conttol.



100 SOIL, GRASS AND CANCER

Personally, [ will add to this by claiming, as in a pteceding chapter:
“Brucellosis, as every infectious disease, is a biological aecident due
to a distuthbance of the metabolism of the cells, which has finally de-
ranged the system of defence enzymes.”

Having examined this point, let us compare the experiments of
Wisconsin and Missouri, and we shall note the appearance of another
fundamental fact.

The mineral element does not exercise the same influence when
it is applied to the soil as it does when added to the ration

At first sight these results of the University of Missouri appear to
contradict these of the University of Wisconsin, and there has been
much discussion between the research workers of the two Universi-
ties.

In the experiments of the University of Wisconsin it was shown that
the addition of supplements of manganese salts to the ratior exercised
no influence on brucellosis.(*)

On the other hand, in the University of Missouri experiments it
was shown that the application of manganese salts to the soil exercised
a profound influence on brucellosis.

The ‘“‘organisation” by the plant of the mineral element
of the soil

This shows that it is not the same thing to apply a trace element
to the animal directly in the form of a mineral salt or indirectly
through the intermediary of the plant.

As we have said, this trace element exercises a profound action on
the composition of the proteins of the plant; but, besides, using the
expression of Albrecht, the trace element of the soil is *“‘organised™
by the plant. Lady Eve Balfour (26) quotes the words of the
American scientist:

“The same fallacy, concerning the réle of minerals, he believes, is
shown by the mineral supplement practice in compounding animal
rations, which is based on the assumption that supplementing the ration
with lime or with phosphate brings the same improvement as putting
these through the plant. Such reasoning, he says, gives calcium and

{*) Recent laboratory siudies have seemed to eonfirm (109, 133) the nor-action
of supplements of mineral salts of manganese on bacteria. In fact, in 1958, Ger-
hardt, of the University of Michigan, has not been able to confirim any clear action
of manganese salts on brucelle cultures (bacteria of epizootic aboriion, see p. 155).
Unfoertunately he has net tried *‘organised” manganese, that is to say organic
combinations extracted from grass or any other plant.
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phosphorus put into the soil no other function than to be dragged into the
plant to occupy space therej to be thus transported into the animal’s
digestive tract as they would be if shovelled from the rock pile into the
ration.”

The mineral elements of the soil are in fact transformed by the
plant into organic compounds which have a dietetic value very differ-
ent from the same element under its mineral form.

It does not come to the same thing to add cobalt to the ration
as to add vitamin B2

It is well known that it is not the same to give cobalt and vita-
min Bia (which contains cobalt) to a pig or to a man.

Today vitamin Bj2 is manufactured from cobalt by an actinomycete
named Streptomyces Griseus.

We may say that this micro-plant has “organised” into vitamin B{3
the cobalt contained in the nutrient solution.

Returning to grass, we know that there exist in it chelates (*) of
copper much more effective than copper sulphate, which, however,
as we have seen, is effective when added in this form to the ration.

Tihese experiments of the University of Missouri confirm that a
mineral element of the soil contributes, in the cell of the animal, to the
creation of defence enzymes capable of resisting bacterial attack.

Another aspect of this conception will be shown later with a virus,
and then with another bacterium.

(*) Organic complexes of a metal.



CHAPTER 24

Réle of phhagoeytesis and propevdine in
non-specific immunity

Non-specific defence against microbial attacks

IT has just been seen that the organism possesses specific mechanisms,
particularly antibodies, to defend itself against a particular and
definite infectious agent. In addition, however, it possesses a defence
system of a general nature, which comprises 7ion-specific mechanisms
for anti-microbial defence, it being understood that the designation
“microbes” includes bacteria as well as viruses, protozoa, etc.

Fever, a nron-specific defence reaction

The most familiar mechanism of men-specific defence is fever. It
is more than two thousand years ago since Hippocrates said, “Fever
represents the effort of the organism to defend itself against a disease:
it purifies the body like a fire.” There was probably the same idea
behind the declaration of Chatles Nicolle, the French Nobel prize-
winner, that: “Infectious disease is the reaction of the human, animal
or plant organism against evil forces infinitely small in size.”

Hoff (164), Director of the Faculty of Medicine in the University
of Frankfurt, has made an important contribution to the better
understanding of the mechanisms of mow-specific defence in the
organism. He has frequently emphasised that there is too great a
tendency to confuse fever and disease: the former is only a noa-
specific defence reaction to the latter.

What are the metabolic mechanisms that acecompany fever?

It would be of the utmost interest to know what metabolic mechan-
isms, be they cause or effect, accompany fever. One might then be
capable of withstanding this general reaction of the organism, and
perhaps even of putting the defence it offers into effect while avoiding
some of the painful consequences of fever.
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The Greek philosopher Parmenides said, with confidence: “Give
me the power to create fever and I will cure all ills.” If he were alive
today, his philosophy tinged with biochemistry, Parmenides would
probably say: “Give me the power to reproduce the metabolic
phenomena that accompany fever and I will cure all ills.”

In this and in the following chapters some of the mechanisms that
accompany fever in »ey-specific defence will be examined.

Phagocytosis

From the scientific point of view the non-specific defence mechan-
ism that has been known longest is phagocytosis, in which certain
white blood corpuscles (phagocytes) attack and digest foreign
particles, particularly bacteria. Among the phagocytes are found
polymorphonuclear leucocytes (white corpuscles), also called granulo-
cytes.

It is now fifty years since Metchnikoff drew attention to the réle
played by phagocytes in the mwenspecific defence of the organism
against infectious agents. Nevertheless, practically nothing is known
at present (*) of the intracellular, biochemical mechanisms which
enable the phagocytes to destroy the foreign particles they have
digested. Allthat is known is that the micro-organisms that have been
“ingested” are “digested” in the cytoplasm of the phagocytes.

Catalase activity of leucocytes

This ignorance of the mechanisms of phagocytosis is the more
amazing since it was observed as far back as 1931 (175) that leucocytes
have a very vigorous catalase activity.(¥*) This question of catalase
in leucocytes, and particularly in phagocytes, has not been much
studied since that date,(*#*) a situation all the more regrettable in

(*) The few studies that have been made of the problem (308) indicate that it is
improbable that the micro-organisms are “‘killed’”” by the proteolytic enzymes of
the phagocytes, since living bacteria flourish in the presence of large numbers of
enzymes of this type.

Hirsch (161), who studied this question in 1956, came to the conclusion that the
cytoplasm of the polymorphonuclear leucocytes destroyed the micro-organisms
absorbed by means of three elemerits: (1) acids; (2) lysozyme, a protein of low
molecular weight, which enzymatically decomposes certain amino-polysaccharides;
(3) phagocytin, the nature and mode of action of which has not yet been deter-
mined, but which has ne relationship with properdine, since it acts in the absence
boﬂ} of the complement and of magnesium jons. Hirsch makes no mention of
catalase.

(*®) For the definition of catalase and its funetions, see pp. 112.

(***) [ only know a recent and short study of Frisch-Niggemeyer in Vienna.
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view of the fundamental part now known to be played by catalase (see
pp- 155-157) in the battle being waged among cells.(#)

Opsonin

Since 1895 it has appeared that phagocytes can implement their
defence action efficiently only if the bacteria have been previously
“prepared” by the action of a substance contained in blood serurm,
given the name “opsonin’. This substance is an element of now-
specific defence, but the quantity in which it is present in blood serum
is augmented as the result of immunisation with a vaccine.

There is a correlation here, therefore, between non-specific and
specific defence resulting from immunisation with vaccines.(**)

Properdine and the nen-specifie, bactericidal charaeter of
blood serura

In certain circumstances blood serum deprived of phagocytes
is known to have a truly bactericidal capacity. Study of this charac-
teristic of the blood was to lead to the most sensational fact discovered
in bacteriology in the course of the past four years.

In 1955 Pillemer, in the U.S.A., discovered in blood serum a pro-
tein previously unknown which was closely connected with the
serum”s capacity for nom-specific resistance and with its bactericidal
power.

When zymosan (***) is added to blood serum (at a temperature
above 10° C.) it forms an insoluble complex with properdine. A
serum thus deprived of its properdine loses its bactericidal character,
but regains it as soon as the properdine that has been removed is
replaced.

Properdiine’s mode of anti-bacterial defence is different from
that of antibodies

It was thought at first that this was a reaction of the antigen-anti-
body type (pp. 92-93) on the part of the polysaccharides of the

{*) It will be seen (p. 107) that cortisone, a hormone secreted by the adrenal
glands, diminishes the capacity of phagocytes to *‘digest™ the *“ingested’ bacilli,

(**) It was seen above, moreover (p. 93), that the “complement™ strengthens
the action of opsonin.

{***) Zymosan is a polysaccharide of the cellular membrane of yeast: it is the
Zisoillut;]e residue remaining after fresh yeast has been treated with trypsin and

cohol.

1t should be noted that properdine also combines with the polysaccharides of the
cellular membranes of bacteria in exactly the same way as with those of yeast.
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bacteria, on the one hand, and properdine, on the other. It quickly

became apparent, however, that the formation of complex sub-

stances by properdine and the substaneces of the membtanes of the

bacterial cells was quite different from the antigen-antibody reaction.
In fact:

(1) (a) The antigen-antibody reaction requires the presence of
the four component elements of the complement,(*) but not that
of magnesium ions.

(») This combination renders inactive elements C/, C2 and C/,
but not element C3 of the complement.

(2) (a) Properdine can effect its bactericidal action in the
presence not only of the four component elements of the com-
plement but also in the presence of magnesium ions.

{b) This reaction renders only element C3 of the complement
inactive.

These biochemical characteristics thus clearly express the difference
between: (a) the reaction of specific antibody-antigen defence, and
(b) the reaction of wmmizsgpecific defence by properdine with the
cellular membranes of the bacteria.

Relations between specific and non-specific defence

The complement obviously creates a bond between specific
(antigen-antibody) and no®j-specific (properdine) defence. From this
it is to be assumed (**) that there is a close relationship between the
two types of anti-microbial defence.

It would appear that the two types of defence, at least at the be-
ginning of a bacterial attack, are not simultaneous but develop suc-
cessively. Properdine assures the immediate and urgent defence of
the organism against all bacterial attacks. It is only after a certain
period of time that specific antibodies are formed under the stimulat-
ing influence of the antigens.

Properdine, a defensive enzyme

Pillemer stated that properdine functions as a defence enzyme,
although the nature of the enzyme has not yet been able to be defined.
Reference will be made later (pp. 155-157) to the enormous part

(*) See p. 93.

(**) Other phenomena which cannot be dealt with here appear to confirm this.
What will be seen is that catalase appears te play a large part in speeific as well as in
Bov-specific defence.
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played by another defemce emzyme, catalase, mot only in the anti-
microbial defence of the organistm but also more generally in the
battle between living cells, whether it is a case of two bacteria
struggling against each other or one bacteriwm waging war against
a cell of the human lumng.

Through the medium of magnesium the soil controls the
organism’s capacity for non-specific resistance

The name “properdine system™ is given to the combination con-
stituted by:

(1) The protein,(*} i.e., the properdine itself.
(2) The four elements of the complement.
(3) The magnesium ions.

The magnesium of the properdine system can be replaced neither
by sodium nor by calcium (17), with the result that, under present
conditions, magresium plays a fandiamental part in the mechanisms of
NOW-specific defence of the organism against infectious agents.

It has also been seen (pp. 56) that the properdine system, and
in consequence the magnesium ions, appear to assume a fundamental
role in the defence of the organism against cancer: grafted cancerous
cells developed only in patients whose blood was low in the proper-
dine system. It is known, moreover (p. 47-52), that the magnesium
of the blood is subject to strict comtrol by the “dusts” of the soil. Thus is
revealed, in striking relief, the role which the soil plays in the non-
specific defence of the organism, whether against microbes or against
cancer.

This role will become even more apparent (p. 120-127) in dealing
with the importance of copper in »or-specific defence.

(%) An eugtobulin of which human blood serum contains 0'002 per cent, that
is, less than 0-03 per cent of total protein in the serum.



CHAPTER 25
Rdle of hormones in non-speeific defence

N.B. Non-specialist readers reay omit this chapter without
thereby ineurring difficulty with suceeeding ehapters.

Stress

The idea of *“stress™ is the creation of Selye (330) of the University
of Montreal. By it he understands not only the attack suffered by
the organism but also the latter’s reaction to that attack. The great
merit of Selye and his co-workers is that they revealed the importance
of the hormones of the pituitary-adrenal system in the complex of
non-specific defence.(*) Their work has helped to show that in
addition to acquired specific immunity there are many non-specific
mechanisms capable of modifying the resistance offered by the tissues
to pathogenic agents. As Dubes (99) of the Rockefeller Institute so
admirably puts it:

“The results of studies undertaken by several research workers operating
separately have clearly proved that the susceptibility of animals to a
bacterial infection can be medified at will by a certain number of non-
specific, physielegical and biochemmical disordets. These observations
imply that the relationship between the organism and the pathegenic
agent are markedly modified by a certain number of processes ichich are
independent of these operating in acquired sPecIFIC immunity.”

Some of the hormonal mechanisms that participate in the non-
specific defence of the organism will now be examined briefly.

Cortisone reduces the ability of the phagocytes to digest the
ingested miceobes

Emphasis was placed above (p. 103) on the fundamental rdle of
certain blood corpuscles kmown as phagocytes in the fzem-specific
defence of the organism: the cytoplasm of these cells “ingests” and
then “digests™ the microbe.

(*) My idea of non-specific defence correspends with Selye’s “adaptation™ and
Hoff’s “unspezifischer Bgmeﬁmmng" (164, p. 37).

o7
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The work done by Selye and his co-workers has demonstrated
clearly that injections of cortisone (*) reduce the organism’s capacity
to resist attack by many pathogenic agents. Confirmation of this has
been obtained particularly in the case of the tubetcwlosis bacillus
(see p. 150), research carried out at the University of Pennsylvania
(215) having shown that in this instance the hormone exercises a
general influence on the phagocytes, shock troops in the defence forces
of the organism. The extraordinary fact emerged that the phagocytes
continued to “ingest” the pathegenic bacillus noremally in their
cytoplasm but were no longer able to “digest”, that is to say, to
destroy it.

It has been agreed, therefore, that certain of the enzymatic
mechanisms of the phagocytes were thrown out of gear by this
cortisone. Unfortumately it is not known whether this is a case of the
hormone influencing the catalase,(**) an enzyme which assumes a
fundamental réle in the struggle between living cells (see p. 155).

This leads to an examination of the relationship between the
thyroid and the pituitary-adrenal system, the réle of which, as our
knowledge of the subject increases, becomes more and more obviously
fundamental in the specific and non-specific defence of the organism.

The pituitary and the thyroid are linked by an automatic
device

The endocrine glands contrel and maintein the general metabolic
equilibriuen. By means of a perfect, automatic mechanism any
slight variation in the amount of hormone secreted by one of them
sets in motion modifications in the secretion of the antagonistic
hormones produced by the others.

The reciprocal relationship between thyroid and pituitary is so
well known that mention need only be made here of the fact that the
pituitary secretes a hormone known as thyrotropin which stimu-
lates the production of thyroid hormone (or thyroxine) by the
thyroid. As the amount of thyroid hormone in the blood diminishes,
the secretion of thyrotropin by the pituitary inereases. This auto-
matic device stimulates the activity of the thyroid, which sets about
secreting more thyroxine. Conversely, if the thyroxine in the blood

(*) Steroid hormone secieted by the coriex of the adrenal glands. The steroids
embrace many substances, such as the sterols, the acids of the bile, certain cardiac
poisons, the sex hormones, etc.

(*%) It is noteweorthy here that in yitro observations (160) have shown cortisone
to reduee the production of lactic acid by the leucocytes. One may wonder whether
lactic acid is not the element, or at least one of the elements, which, in the phago-
cytes, destroys the ingested bacillus,
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increases to any great extent, the production of thyrotropin dim-
inishes.

Direct relations between the thyroid and adrenal glands

The close connection between thyroid and adrenal glands is less
well known.{*) This relationship is made clear by recent investiga-
tions, For example, the main clinical and histological confirmation is
to be found in the fact that absence of the steroids produced by the
adrenal cortex brings about hypertrophy of the thyroid (193). Con-
versely, thyroid secretion directly influences the adrenal glands. As
was shown by Jeanne Raynaud (293) of the Pasteur Institute, Paris,
in 1957, administration of thyroxine to mice gives rise to intensive
cortisone secretion by the adrenal glands.

Negative correlation between secretions of cortico-stimulin
and thyrotropin by the pituitary

It has been successfully demonstrated (54) that there is often an in-
verse relationship between amounts of cortico-stimulin (A.C.T.H.J(**)
and amounts of thyrotropin (T.S.H.), both of which are liberated
into the blood by the pituitary. fadirectly, then, a relationship is re-
vealed between the thyroid and adrenal glands, because when the
activity of the thyroid is stimulated by increased quantities of thyro-
tropin the adrenal glands become less active due to the reduced
production of A.C.T.H. by the pituitaty.

The soll, through the thyrold, plays a part in “stress”

Mention was made above of Selye’s idea of “stress” and of the
fundamental rdle which this Canadian worker attributes to the
pituitary-adremal system in the wor-specific defence of the organism
against any aggression it may encounter, whether in the form of
trawmatismn or of an infectious agent. The relationship of the thyroid
with the pituitary and adrenal glands illustrates clearly the réle of the
former in the 2ion-specific defence mechanisms of the organism.

Up till now no clear and direct influence of the soil on the pituitary
and adremal glands has been discernible, although it does seem prob-
able that such a relationship exists. What is known, however, is that

Hhé?:)l The adremal glands ate two glands with endocrine function situated above

(**) Hommnene of the pituitary which stimubites the secretion of certain sterwiids
by the adiemal bodiks.
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CHAPTER 26

Copper deficiency upsets the synthesis
of catafase

The two vulnerable fractions of the defence enzyme

Berore dealing with catalase, the fundamental defence enzyme, atten-
tion should be given to the constitution of enzymes and how they are
governed by the “dusts™ of the soil. In ultra-simple terms it may be
said that an enzyme is made up of:

a protein fraction (apoenzyme);
a prosthetic group (coenzyme) (which generally inecludes a
mineral element).

The same is true of defence enzymes. If one or other fraction of the
enzyme is “broken down”, or the binding between the two parts is
broken, there is the risk not only of cell metabolism being disrupted,
but also the fear that the mechanisms of defence against attacks by
microbes and their toxins will not function properly, or even may not
funetion at all.

The mineral elemments in ithe soil eontrol the twe fractions
of the defence enzyme

The mineral elements in the soil, particularly the trace elements,
control the defence enzymes in two ways.

(1) The trace element alters the constitution of the protein of the
living cell, that is, the first half of the defence enzyme (as seen
above, pp. 7-9 and 14-19).

(2) The trace element intervenes in the synthesis of the pros-
thetic group, the second half of the defence enzyme. It may even
be an integral part of the prosthetic group.

It is understandable, therefore, that a slight variation in the content
of a trace element in the soil is sufficient to reduce the capacity of the
animal or human organism to resist microbial attacks.

1 111



112 SOIL, GRASS AND CANCER

The effect which the copper in the soil exercises on catalase, the
fundarmental defence enzyme of living cells, will now be examined in
the light of these few general observations.

Catalase

Catalase appears more and more as the enzyme that plays the
decisive réle wherever two cells are struggling for life. It must be
remembered that catalase is an enzyme (ferment) having a protein
as apo-enzyme and a heme as prosthetic group.(*) This heme is
made up of iron and porphyrin (**) and is similar to, if not identiical
with, the same radical of hazmoglobin.

The function of catalase in the cell is to destroy immediately any
hydrogen peroxide (oxygenated water) that may form there:

2H02—> 2HD # 02

the formation of this hydrogen peroxide being brought about by
certain of the respiratory mechanisms of the cell. If there is a de-
ficiency of catalase, therefore, the hydrogen peroxide is able to exer-
cise its very serious toxic effects on the cell.

Recent research (369), moreover, appears to show that the function
of catalase is not solely to destroy immediately the hydrogen peroxide
produced in the cell, but that catalase, in dilute solution, thanks to
the oxidative coupling, is capable of oxidising a large variety of
heavy molecules in the presence of hydrogen peroxide.

Iron deficiency and catalase

Since iron enters into the composition of the heme which forms the
co-enzyme of catalase, a deficiency of this metal can reduce the
activity of catalase, as was seen above in the case of plants (Table 10,
p. 20), There it was a case of a direct deficiency due to the absence in
the soil of one of the elements involved in the constitution of the
molecule. The main comcern here, however, is with indirect de-
ficiency resulting from the fact that, as will be seen, copper is indis-
pensable to the synthesis of the heme. This phenomenon will also help
the reader to understand better the influence of copper in the soil on
the defence mechanisms of the cell, in which catalase plays a
dominant part.

(*) Or av-enzyime; also callled hematin.
{**) Containing feour pyrrole rings.
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Caopper deficiency reduces the activity of catalase in the liver

Schultze (322), in 1941, studied the effiect of copper deficiency on
various tissues, particularly those of the liver and blood. The de-
ficiency was produced by feeding rats with cow’s milk (*) to which a
few mineral salts had been added. Table 24 shows the resulting
variations in the catalase of the liver of male or female rats (the activity
varies with the sex). It will be seen that copper deficiency causes the
activity of liver catalase to fall sharply, reducing it to half the normal.
What is particularly striking is that supplementation of the milk with
0-1 mg. copper per rat per day made the activity increase again very
rapidly. This influence of copper was already being felt after amly TWO

days.

TabLE 24
Variations in the catalase content of the liver of rats
deficient in copper
Catalase activity
Male ‘ Female
Notmal ration 260 ’ 143
Ratlen deficient in copper | 102 74
Abeve ration supplemented with 01 mg. eopper per
day for a periad of:
2 days 123 93
5 days 215 . 203

W.B. Catalase activity is measured by an attificial mathermatical unit.
Fromm Schultze (322),

Catalase in the blood

The catalase of the blood is known to be very active: It is concen-
trated mainly in the white and red corpuscles.(**) It should be noted
that haemoglobin has no catalase activity in itself.(***)

(#) Which is very low in coppet.

(®*) It has alre been moted (p. 103) that leucocytes (white corpuselles)
appear te have a catal activity.

(**%) Angemia is associated with reduced activity of the bloed catalase. Con-
wetsely, ah ineiease il the haemoglobin content and i the number of red cotpusiks
wvery often coincides with increased blood ecatzlase activity. Howewer, catalase
activity and haemoglobin (or red corpussik) content do mot always operate together.
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Reduced activity of bloed catalase im eases of cupper
deficiency

Schullize: (321), in tfhe course: of his experiments with rats suffering
feom copper deficiency as a result of being fed cow's millk, also studird
the watiation in the catalase activity in the blood. Some of tihe
results he obtained are presented (graphically) im Fig. 9 below. [t is
evident that a diet deficient in copper piogressively dimimishes the

12}
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Weeks from wieoning
Fig. 9. Influence of copper deficiency on the activity of catalase in the
blood of rats.

1. The rats previously fed with a ration deficient in copper were given
a supplement of 0:-1 mg. of copper per rat per day from the sixth week
(indicated by the arrow),

2. Catalase activity is measured in millimolecules of hydrogen peroxide
{HAD) decomposed per cubic centimetre of blood in two minutes.

From Schultze (321).
(Drawing by Marthe-Rosine Noisin.)

activity off blood catalase, reducing it to at Jeast halff the normal. 1f
the diiet is supplemented wiith copper, blood catalase activity imcreases,
although relatively less rapidly than that off the catalase in the liver
under analogous conditions. Nevertheless, less than three weeks affier

copper supplements were added to the ration, the activity of the
catalase im the hllood was iback to normal.



CHAPTER 27

The organism can utilise iron only in the
presence of copper

Copper is essential for synihesis of the heme

As crystallised catalase contains no copper, Scliuitze was of the
opinion that copper deficiency exerts a similar action on:

the activity of catalase in the blood and livar;
the formation of haamoglobin.

Since a heme is synthesised in both instances, the American worker
felt justified in concluding that synthesis of the heme is suppressed,
or at least very much slowed down, in the absence of adequate quantities
of copper in the animal organis.

Synthesis of haamoglobin is possible only in the presence
of copper

A similar result was obtained some thirty years ago in the case of
htemoglobin. As far back as 1928, Waddell (389) and his co-workers
showed that if young rats had been rendered anaemic as the result of a
milk diet,(*) it was not sufficient metely te add iron salts te the milk.
Small amounts of copper salts had to be added at the same time, and them
the ansemia was rapidly cured (145). These workers concluded that,
inditectly, copper is indispensable to the synthesis of hasmoglobin.

Anasimia caused by lack of copper is almost identical with that
caused by icon

Amzemia caused by lack of copper was considered by research
workers in general as very similar to, if not identical with, amzemia
caused by lack of iron (32, 415). This analogy therefore came to be
interpreted as indicating that one single phenomenon was at work in
both cases: & deficiency of irom, not necessarilly due to a lack of irom

(*) Wihich prodires copper deficiency due to the wery low copper content of millk,
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ibutt tw the fact that in the case of copper deficiency e mechanisms o
widisiing Whis ivom fior syntifesis of the hemes ave mo lomger ffirotioming
mormally.

Copper is essential if the organism is to be able to utilise iron

These experimental resufts were largely confirmed from the thera-
peutiic standipoint. (m 1957, in Basle, Undritz (378) demonstrated tiie
necessity for copper being present if haemoglobin was to be synthesised
and if certain forms of anaemia were to be treated in human beings, or
experimentzily in animals.

Physiological aniemia (physiclagiscite Ahiinie) in infants and young
babies can be reproduced in laboratory animals by creating de-
ficiencies in their diet. \ron treatment may improve the condition of
the animals to a certain extent, as has been confirmed in the case of
babies. But iron does not have a stimulating effect (Reizuiitfutig) on
erythropoiesis: (*) eopper must be administered if normal haemo-
globin formation is to take place.(**)

Nothing is known of the mechanism by which copper
intervenes in the synthesis of the heme

Despite the agreement evident in all these results, we have still,
after thirty years, not the slightest idea of the biochemical mechanism
by which copper governs the metabolism of iron and, more particu-
larly, the synthesis of the hemes.

In 1956 Underwood, the great Australian specialist in deficiency
diseases, concluded (377, pp. 93-94):

“The fact that copper influences iron metabolism, at least in pigs and
rats, in such diverse sites as the mucosal cell, the liver and the bone
marrow suggests that copper may, in some basic manner, be concerned
wherever and whenever iron moves, Knowledge is also lacking of the
stage of erythrogenesis at which copper exerts its action. It is apparently
not necessary for the synthesis of protoporphyrin. It seems more likely
to be concerned with the incorporation of iron imto protoporphyrin (***)
to form heme.”

In other waords, in 1956, despite all the work that has been done,

no one is capable off telling how copper deficiency impedes synthesis
off the heme.

(.{Exyﬂlropolesns iis the fommeatiion of red compuscles.
) Simee csivall has @20 egqually Eevourdblle efffant on the fonmattion of haems-
gjhﬂnmmmmumﬁmhmmmmmﬂndmmmﬁkmmmmmﬁ
oganic oemibimations of jinom, opppar and ozl
((‘“))qulwmhmmmmmm



CHAPTER 28

No attention is paid to the origin of the milk
used in experiments

N.B. This chapter may be omitted by the non-specialist
reader.

Contradiictory results obtained by great scientists

I¥ all research workers were agreed that copper is indispensabie to the
synthesis of the hemes, many different opinions were to be expressed
regarding the influence of copper deficiency on catalase, particularly
the catalase of the liver.

In the course of renewed experiments with pigs the American
Wintrobe-Cartwright group (141, 198) had observed no drop in the
catalase of the liver. There was a tendency to think that the pheno-
menon observed by Schultze was peculiar to rats and did not take
place in pigs. This reasoning appeared to me to be even less well
founded when in 1956 Gallacher (128) failed to observe any reduction
in the catalase of the liver of rats deficient in copper. It should be
said in all fairness that these authors always had the delicacy not to
cast doubts on Schultze’s results.

I muuvsdatmibabdt felfesommmdrhat ahehmeneyoyf aheheleetements,
especially as this work had been done by eminent Nobel Prize-
winners. Suddenly, however, in 1957, the Wintrobe-Cartwright
group (141) published a paper declaring that copper deficiency in
pigs brings about an obvious reduction in catalase activity in the
liver. To their credit these scientists openly acknowledged that
their present results were at variance with those they bad previously
obtained. They did not, however, discuss the possible sources of this
contradiction.

The origin of the elemenis used is overlooked
In spite of repeated and attemtiive reading of the experimental

records, no definite statesment can be made as to the origin of the
117
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errot. I can, however, say that there was one factor which certainly
could have caused it. A few words on this matter are of interest because
it shows the mistakes that biclegists, veterinarians and doctors can
make by overlooking (as is almost always the case) the agronomic
and pedological (*) origin of the foodstuffs used in their experiments
or prescribed for their patients. The matter about to be discussed is,
in my opinion at least, of fundamental importamce.

What foodstuffs were fed to the cows producing the millk
used and what soil produced these foodstuffs?

It was stated in the preceding chapter that the method generally
adopted to create a copper deficiency in animals is to feed them a
ration composed almost exclusively of cow’s milk.

What milk was used by the Wintrobe-Cartwright group, for
example, in their experiments? In the 1952 series (198) powdkvec!
milk dissolved in water from the town supply (*%) was used. In 1957
(141) the basal ration consisted of evaporated milk diluted in its own
volume of water. Wot a single word is said about the nature of the
liguid milk from which the powdered or evaporated milks were made.
What were the cows fed on that produced the milk : grass, beet, silage,
ete.? It should be remnembered (see Voisin 385) that milk from cows
fed on silage (**#) lacks a fundamental element which makes it
unsuitable for the manufacture of hard cheeses like Gruyére.

What kind of soil did the grass grow on that provided the food for
the cows that produced this milk? It was seen above (p. 46) that the
molybdenum (antagonistic to copper) content of milk could vary
from one to ten according to the nature of the soil on which the grass
had grown.

Is it permissible, thetefore, to think that the evaporated milk used
in these experiments with pigs will have the same effect on the cata-
lase of the liver whether it contains molybdenum in amounts equal to
one or ten?

Variations with age in the biolegical value of the protein
of powdered milk

But even leaving aside the nature of the grass consumed by the
cows producing the milk, or the nature of the soil that grew the grass,

{*) Pertaining to the soil.
. tg") The nature of this water does not appear io have attracted any attention
either.
(***) With the exception of A.L.V. (virtanen) silage. (See page 76.)
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there are many other points to examine, Can the influences of pow-
dered and condensed milk on copper deficiency be considered as
identical? Were the preparation methods used for these milks always
the same?

Mention need only be made in this connection of the work of that
outstanding scientist, Kléare Schiller (299, 312, 313) on the variations
in the biological value of the casein of powdered milk. After twelve
months” storage under normal conditions the biological value of the
protein fell from 83 to 51 (313). It may be noted in passing that chem-
ical analysis here again failed to point out any change in the com-
position of this stored milk powder. Very complicated analyses and a
great scientific flair were required to show that, in the course of the
ageing process, an essential amino-acid had been inhibited.

Attention must always be paid to the origin of milk used in
experiments or prescribed in diets

All these observations serve to illustrate how very different results
can be obtained from trials based on a foodstuff so variable, although
identical in appearance. It cannot be stated too often, nor sufficiently
sti‘essed, that the progress of biological and medical sciences must
necessarily be slow so long as no consideration is given, either in
experimentation or in dietetics, to the pedoiogical and agronomic
origin of the foodstuffs employed.



CHAPTER 29

Inevease in the copper content of blood serum
in all infeetrous diseases

Fever is always accommpanied by an inerease in the copper
content of blood serum

It was stated above (p. 102) that fever is a general defence reaction on
the part of the organism and that an effort should be made to under-
stand better the metabolic reactions that accompany it. There might
then be some hope of improving the defence potentialities of our
cells.

One modification in the composition of blood serum that always
accompanies fever is an increase in the copper content above nor-
mal{*) There is, however, another reaction that almost always
accompanies fever: diminution below normal of the iron content.
This is shown very clearly by Table 25 (facing) drawn up some
twenty years ago by Heilmeyer (153) at the University of Freiburg-in-
Breisgau. Unfortunately tables of this nature record only general
average contents with which one has to compare the levels of the
individual patient suffering from the infectious disease.

A common cold alters the copper content of blood serum

The well-known common cold provides an admirable illustration
of the increase that takes place in the copper content of the blood of a
patient, mild though the infection may be (Table 26, p. 122).

The work carried out by Wintrobe and Cartwright {411) in 1953
confirmed Heilmeyer’s results. Improved analytical techniques and
the progress that had been made in knowledge of the forms of copper
in blood serum were to allow Markowitz (225) (a member of the
Wintrobe-Cartwright group) to go even farther and clear up, in 1955,
a very important point.

(*) An increase in the copper content of blood serum is also found in certain
physiolegical conditions (pregnancy) or as the result of hasvgrrhage.
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Tapne 25
Copper and iron contents of blood serum in acute infectious
diseases
Microgrammes
Age in 100 ee,
Sex (yegrs) Disease serum Notes
Copper| Iron
F 41 | Searlet fever:
Acute stage 218 68 | 3rd day of disease, tempera-
3 days later 218 100 ture 101-8° F. (38-8° C.)
6 days later 210 146
M 20 | Scarlet fever with | 163 58 | 3rd day of disease, tempera-
tonsillitis ture 102:9° F. {394° C.)
M 25 | Diphthetia 251 47 | 8th day of disease, tempera-
ture '100° F. (37-8°C.)
F | 27 |Typhoid fever | 258 41 | Temperature 101-1° F.
(38:4°C)
F 30 | Simple pneumonia:
Aciite stage 190 60 | Temperature 102!5° F.
(39'3° C.)
10 days later 126 81 | Notrmal temperature
M| 33 |Abscess on right| 239 46 | Very serious: died 2 months
lung later
M | 34 |Abscess on testicles | 252 73 | Temperature 104-2° F.
(40:1° C.)
M 63 | Abscess on prostate | 215 63 | Temmperature 104-0° F.
(40° C.)
F 28 | Endecarditis 263 52 | Temperature 102:6° F,
(39:2° C)

N.B. (1) Normal mean copper content is 110-120 pg/I0ID ce. sefur.
(2) Normmal mean iron content is 125 fg. in males and 100 jig. in ferales

pet 100 cc. serum.

From Heilraeyer (153, pp. 52 and 55).
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Tas1e 26
Copper content of blood serum in cases of slight colds

Micregrsimmes copper ift
100 ce. serum
Number Variations
Before onset | After onset (%)
of cold of cold
1 93 153 +64
2 82 149 480
3 91 125 + 37
4 108 136 +75
5 128 125 — 4

From Heilmeyer {153, p. 57).

Caruloplzsmin of blood serum

Eatlier, in 1947, the Swedes Holmberg and Laurell {167) had
found that in blood serum 90 per cent (and even more) of the copper
existed in the form of a combination with a protein. They named the
substance cemmuloplasmin, because of its blue colour. It seems im-
probable that this protein may be of use for transporting copper.
Moreover, in 1951 the Swedish workers were able to show (168, 169)
that this casmboplasmin fulfilled active functions and that it was a true
oxydase.(¥*)

It has not been possible to determine the physiological réle of
caaulloplasmin, but this oxydase helps to complete the picture of
copper-molybdenum antagonism whish was revealed so clearly in
the scouring on the *“teart” pastures of Somerset (see p. 41). In fact,
in 1956 Scaife (309) observed in New Zealand that melybdenum
(ammonium molybdate) had an inhibitory effect on the oxydase
function of caamlloplasmin.

The ceatllgpllesmin of blood serum increases during
infectious diseases

During different infectious diseases Markowitz (225) carried out
parallel measurements of the variations in total copper and casnulo-
plasmin contents of blood serum, in addition to measuring oxydase
activity. Some of the results obtained are contained in Table 27
(p- 123).

(*) Oxydases are enzyrmes capable of achieving oxidation enly in the presenece of
oxygen.
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Table 27

Content of copper and caenidoplasmin in blood serum and oxydase
activity in the case of infectious diseases

. Micro-
Miero-
grammes
. grammes . . Oxydase
Disease eopper In cn?;xlia&}agznm activity
100 ece. serum s .
erum
Tulteculesis 178 63 | 81
172 60 87
154 60 7-2
Pheummonia 200 72 7-7
219 75 9-3
Staphylocoeceal abacess 219 83 80
Sinusitis 203 61 7'6
Mean for these diseases 192 68 ’ 81
Nerrmal level in healthy patients 110-120 34 ‘ 39

N.B. Oxydase activity is measured with a mathematical unit.
From Markewitz (225).

On the average of the seven cases he examined, the following in-
creases above normal were established:

Total copper TRS e ceatt
Casnulloplasmin 100D (par eaitt
Oxydase activity TS par st

Central position of copper and iron in non-specific, anti-
microbial defence

The fundamental réle of the two soil “dusts™, iron and copper, in
non-specific, anti-microbial defence is therefore obvious.
Twenty years ago Heilmeyer was writing (153, p. 115):

“An increase in the copper content of the serum, coupled with a
simultanecus reduction in the iron content, is the regular expression of
processes of defence against infectious diseases and toxic substamces.
These variations appear in all clinical and experimental cases of infections
or poisoning sufficiently serious to give rise to a defence reaction in the
organism. These two metals therefore occupy a fundamental place in the
defence processes of the organism.”
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But how do these two metals interwene in the gemersl defence
mechamism of the orgamism? Heilmeyer's reply (153, p. 115) is as
follows:

*[t is probablle that this defene process consists in impeding the toxins
and imhibiting certzin of the enzymes of the bacteria simultaneously with
catalytic acceleration of celll activity.”

An attempt will now be made in the light of recent observations tm
understand more clearly why these two metals, especially copper,
occupy such an important position in K®iKsgpecific defence.



CHAPTER 30

‘“General mobilisation’’ of copper in anti-
microbial defence

N.B. This chapter may be omitted by the non-specialist
reader.

Causes of the higher copper content of blood sefum in
infectious diseases

In 1950 Cartwright (62, p. 294) confirmed the higher copper level in
blood serum during infectious diseases and underlined the import-
ance of this phenomenon. He concluded: “This phase of copper
metabolism is extremely important and deserves intensive study.”

Unfortunately the phenomenon has hardly been studied at all, and
indeed has been overlooked to a large extent. My two hypotheses will
now be advanced in an attempt to explain it.

Does the oxydase actlvity of caanullspitesmin represent a defence
process ?

The first hypothesis assumes that this “mobilisation” of forces is
going to allow the content of caanlloplasmin to be increased, as was
seen above in Table 27 (p. 123). Its oxydase activity would play a
part in the general defence mechanisms. This hypothesis, however,
would not explain the redueed iron content of the blood serum.

“General mobilisation” of copper is destined to accelefate
synthesis of catalase, the defence enzyme against mierobes

The tremendous part played by catalase in wewsgpecific anti-
microbial defence will be referred to later (p. 155).

This enzyme contains a heme with iron. It contains no copper, but
copper is indispensable to the synthesis of the heme (see pp. 111-114).
In consequence, I submit the hypothesis that, in the case of infectious
diseases, “general mobilisation™ of copper must necessarily accelerate

125
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synthesis of the hemes of catalase, a fundamentat defence enzyme.
This acceleration leads to a greater consumption of iron (used in the
construction of hemes) and consequently to the blood being im-
poverished of that element.

This second hypothesis does not exclude the possibility of the
parallel mechanism of the first hypothesis.

The necessity for “general mobilisation™ of copper to defend the
organism under attack and to accelerate synthesis of the heme of
catalase seems to be confirmed by observations made on an analogous
mobilisation carried out to speed up synthesis of the heme of hasmo-
globin.

To accelerate synthesis of the heme copper is mobilised
in the blood

Twenty years ago Potter (289) made dogs anjemic by feeding them
on a ration deficient in iron and copper, thus considerably lowering
the copper content of their serumn. Administration of copper alone
increased the copper content of the serum: a normal finding. But an
unsuspected fact emerged: administration of iron alone increased the
copper content of the blood serum equally rapidly. The American
worker concluded from this that the dosing with iron had accelerated
the synthesis of the blood corpuscles (erythropoiesis), with the result
that copper had been mobilised by the blood which extract it from
the tissues where it was stored.

This is in agreement with the observation frequently made that,
following a haemeorrhage, the copper content of the blood is increased
to allow for rapid reconstitution of the red corpuscles lost and thus
speed up synthesis of the indispensable hemes.

Copper deficiency reduces the life span of red corpuscles
to one-fifth of the normal

Potter’s observation was to be confirmed in 1956 by similar findings
in Britain and America. In the U.S.A. the Wintrobe-Cartwright
group (58) established that in the case of copper deficiency in pigs the
average life span of the red corpuscles was reduced from 63 to 13
days (that is, one-fifth) and that the rate of turnover of iron in the
red corpuscles was doubled, The Americans concluded that the
anaemia that occurs with copper deficiency is due both to a shorter
life-span of the red corpuscles and to a reduced capacity on the part of
the bone marrow to produce these corpuscles.

In the same year in London Gallacher (128) found that in rats
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deficient in copper the rate of synthesis of the heme of hesmaglobin is
reduced by half.

Synthesis of the heme of catalase is accelerated by copper
mobilisation

These various observations show the necessity for ‘““general mo-
bilisation” of copper if quicker synthesis of the heme of hameglobin
is to take place. It seems prohable, therefore, that in the case of
infectious disease we may find ourselves faced with an analogous
mobilisation similarly aimed at speeding up synthesis of the heme of
catalase, the fundamental defence enzyme.(*)

Before going on to variations in the copper content of the blood of
a patient suffering from a cancerous tumour, it seems expedient to
deal with an important point which might give rise to confusion.

Scarcity of copper makes its “general mobilisation™
difficult

One must be careful to distinguish between:

a permanent decline in the copper content of blood serum as the
result of a general scarcity of copper; (*#) and

a sudden increase in the copper content of the blood serum as
part of the wonspecific defence against microbial infection.

The question which arouses both interest and anxiety is: what is
the result of a scarcity of copper in an animal or human being when
attacked by a pathogenic microbe? Will the mechanism for mobilising
copper be able to function satisfactorily and efficiently in such a
deficient organism ?

It seems logical to assume that the *“general mobilisation” of
copper in the blood will be lower in an organism lacking in copper,
whether it is a case of actual impoverishment or of obstructed copper
movement (effect of molybdenum and of sulphate). As a result,

(*) It is probable, however, that if it is a matter of one and the same synthesis,
two different phenomena are involved. Cartwright (62, p. 293) has in fact found
that the increase in copper content of the blood serum in infectious diseases is not
accompanied by any observable alteration in erythropeiesis (red-corpusele
formation),

(**) It should be borne in mind that a reduetion in the copper content of the
blood is not always apparent in cases of copper deficiency (following the combined
action of molybdenum and sulphate, for example), but a permanent, considerable
drop in the copper content of the bleod always tesults from a deficieney.

#
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deficiency of copper (direct or indireet) in the soil will reduce “non-
specific immunity” both in animals and in Man,

The importance of this very serious conclusion will become even
more apparent on examination of the variations that occur in the
copper of the blood serum of a patient suffering from a cancerous

turmour.



CHAPTER 31

Increase in the copper content of the blood of a
patient suffering ffieom a cancerous tumour

Defence mechanisms set in motion by the cancerous tumour

Henmeyer (153) of the University of Freiburg-im-Breisgau put for-
ward the thesis as far back as 1940—and many specialists still agree
with him today—that cancerous tumours start up within the organism
defence mechanisms analogous to these set in motion by infectious
diseases. This point of view seems even more logical today, for it is
notnow held to be impossible (see pp. 175-177) for a close relationship
to exist between cancer and viruses. Moreover, there is no doubt that
certain forms of cancer, particularly leukemia, can be transmitted by
viruses (or at least by particles that behave like viruses).

The copper content of the blood serum of a cancer sufferer
may be trebled

Some of the results published by Heilmeyer in 1941 (153) are con-
tained in Table 28 (p. 130). They seemed to attract little attention
until 1952, when Pirrie (286), of the University of Glasgow, published
results on which Table 29 (p. 130) is based. Analogous findings
appeared from Wintrobe and Cartwright (411) in the U.S.A. in 1953,
and in the same year Keiderling (183), a co-worker of Heilmeyer,
published results from which the very characteristic and telling graph
reproduced in Fig. 10 (p. 131) is extracted.

One fact emerges very plainly from all these observations made by
different research workers in different countries, namely, that the
amount of copper in the blood serum of every tumour sufferer in-
creases considerably, and may even reach three times the normal level.
Here, then, is a reaction parallel to that observed with infectious
diseases and fever, although the increase is generally more marked in
the case of cancer.

So far as iron is concerned, there is an obvious difference between
cancer and infectious diseases. While in the latter instance there is

129
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T able 28

Copper and iron contents of the blood serum of patients suffering
from cancerous tumours

Microgrammes
in 100 cc. serum

Age Sex Cancer of

Copper Iron
68 M Bronchi 224 44
53 M Gall-bladder (with metastasis of liver) 144 131
65 M (Esophagus 145 —
49 M Pancreas (with severe jaundice and general 237 62

metastasis)

54 F Stomach (with severe anasmia) 164 41
69 F Pancreas (with ansemia) 233 —
74 M Rectum 210 107
53 M Liver 262 102
51 F Stomach and anus 213 47

N.B. (1) Normal mean copper content is 110-120 fig./100 cc. serum,
(2) Normal mean iron content is 125 jj.g. in males and 100 M. in females
per 100 cc. serum.

From Heilmeyer (153, pp. 92-93).
T able 29

Contents of iron and copper in the blood of sufferersfrom
cancerous tumours

Microgrammes
in 100 cc. serum

Age Sex Cancerous tumour
Copper | Iron
54 M Carcinoma of lungs 184 73
61 M > » 325 40
62 M 211 96
38 M 326 65
39 M » » 178 57
43 M 211 57
67 M 311 43
35 M Sarcoma of femur 262 56
69 M Carcinoma of prostate 174 95
71 M 1 » 193 81
58 M # > 138 105
67 M Carcinoma of tongue 178 43
71 M Carcinoma of penis 124 105
59 M Carcinoma of oesophagus 263 30
67 F Carcinoma of breast 213 74
58 F it ti 293 40
38 = n n 245 50

N.B. (1) Normal mean copper content is 110-120 fig./100 cc. serum,
(2) Normal mean iron content is 125 fxg. in males and 100 (ig. in females
per 100 cc. serum.

From Pirrie (2S6).
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almost always a reduction in the iron content of the blood serum, this
phenomenon occurs frequently but guite irregularly in the sufferer

COPPER
IN THE SERUM

onmal
average value
—

IRON
IN THE SERWWM

ormmal
t average value

1L - NOFRWWALL o e e

2 - HENMIOBLASTOSIS
8 Polycythemia ... ....................
b Erythroleukemia .
€ Acute leukemia .
d. Chrenie leukemia L . .
e Plasmoeytorsa . ...
L. Lymphogranuloma .,

* MALIGNANT TUMOURS OF

3 “THE EPITHELIUM
i Respirgtory system .. .. ...._.........].....

b Digestive traed. . .. ..... ........ ...,
¢ Cystie canal . .-
d. Various tumours of the epithelium .........

4 . MALIGNANT TUMOURS OF THE
MESENCHYME

[ vio [1a0] 50 ) . 50 [ 120 106 200
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Micragéarms in 100 cm) of blood terivm

Fig. 10. Iron and copper contents in the blood serum of patients with
various cancerous tumouts.
From Keiderling (183).
(Dratcing by MavttieFasine Voisin.)

from a cancerous tumour. There are even a few cases, although these
are not common, where the iron content increases above the normral
level.

When the cancerous tumour disappears, the copper content
of the blood serum returns to normal

When the tumour disappears (surgical removal or destruction by
radiation), the copper content of the blood serum tends to diminish
and return to normal, where it remains so long as there is no recut-
rence of the tumour. This form of “reversible variation™ in coppet
content is also observed under the influence of certain “anti-cancer
substances”.

But except in cases of disappearance (unfortunately often tempoz-
ary) of the tumour, the increase in the copper content of the blood of
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a cancer patient must be looked upon as semi-permanent, whereas in
the case of infectious diseases this increase was seen to be sudden and
of short duratiorn.

In ihe leukemia sufferer increase in the copper content of the
blood serum is the expression of the temporary effectiveness
of a treatment

An excellent experiment carried out by the American Wintrobe-
Cartwright group admirably reveals the parallelism existing between
the gravity of a tumour and the copper content of the blood serum.
In 1949 Pearson (278) discovered the spectacular effect (unfortun-
ately soon followed by a relapse) of A.C.T.H. (cortico-stimulin} (*) on
acute leukemia (351). Cartwright (62, p. 295) established that the
improvement effected by A.C.T.H. in cases of acute leukemia is
accompanied by a return to almost normal levels of copper in the
blood serum. When the relapse takes place, however, the copper
content of the serum rises once more, as is clearly illustrated in Fig.
11 (p. 133). Beflore treatment the copper comtent of the patient is
seen to have been above 320 f:g. per cent.(**) Treatraent commenced
on the sixth day, and within a very short space of time, towards the
fifteenth day, the patient, on the basis of the disease symptoms
(volume of red and white corpuscles, etc.), was regarded as cured.
This cure was accompanied by a rapid fall in the copper content of
the blood, which on the twentieth day was already almost normal
(110-120 jug. per cent).

The doses of A.C.T.H. were progressively reduced and finally
stopped on the forty-fifth day. By this time, however, signs of a
relapse were already obvious and the copper content of the serum
was beginning to rise again. Administration of A.C.T.H. was re-
sumed, but with no effect. The relapse was final, and parallel to the
rapid aggravation of the patient’s condition the copper content of
the serum never stopped increasing.

Variations in the copper of the blood cannot be used for diagnosing
cancerous tumours because similar increases are met with in all
infectious diseases and even in certain non-pathelogical conditions,
such as pregnancy. But Cartwright’s experiment justifies the hope
that this variation in the copper content of blood serum will aid
assessment of the effectiveness and persistency of treatment for cancer,
whether by radiation or by means of an anti-mitotic substance.(#*#)

(*) Or corticotropic hormone secreted by the anterior pituitary gland (see p.
109

(*") Le., almost thrice norrmal.
(***) Arrests cell multiplication.
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Wiy does the bllood serum of tihe cancer patient become
richer in copper?

The same questions as were asked in the case of infectious diseases
may be repeated in this context also.

(1) Whyhgoenahehbldudostemninf ahehearoancqrapatie ritetxeneme
richer in copper and remain so as long as the presence of the
tumour continues?

I Treatment begins—l

320t
280}
M fcopper )|
icragrams off copper Rel
per 100 enmhof biood 200[ elapse |
serum 1160}
m 3
B0
100
Milligrams of
ACTH
Administered 0

Days 18 20 30 40 50 &0 70

Fig. 11. Modifications in the copper content of the blood serum of a

patient suffering from acute leukemia and being treated with eortice-
stiemufin (A-C.T.HL).

(W.B. The patient in question was male, 26 years of age.)
From Cartwright (62, p. 297).
(Draveing By Menthe-HRnihe Voisti.)
(2) Whvhywhehenhtheutmonoudishipppasar§susgigitatemeovalabr or

treatrment of some kind), does the copper content return to notmal,
only to increase again immediately a relapse sets in?

Fundamental réle of catalase in cancetr

Within an earlier hypothesis above [ assumed that, in the case of
infectious diseases, this sudden “mobilisation™’ of the copper in the:
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blood was necessary to accelerate the synthesis of catalase, an instru-
ment of defence against microbial attacks. Surprisingly enough, the
same hypothesis can be advanced in the case of cancet.

It will be seen later that in a patient suffering from a cancerous
turnour there is a diminution in the catalase content of cancerous
cells (p, 170) and of certain organs, such as the liver (see pp. 163—
164). Surgical removal of a turmour has a twofold effect;

a reduction in the abnoremally high copper content of the blood

serum;
an irerease in the abnoremally fow content of catalase in the liver,

Such a parallelism as this cannot but strike one.

It will be assumed once more, thetefore, that the “general mobilisa-
tion™ of copper in the blood serum of the cancer patient is aimed at
speeding up synthesis of the heme of catalase, which also seems to
play a decisive rdle against cancer.



CHAPTER 32

Comparison of the variatioms in copper and
properdine in blood serum

N.B. This chapter may be omitted by the non-specialist
reader.

The three known mechanisms of ren-specific defence

THREE important mechanisms (*) for the non-specific defence of the
organism have already been referred to:

(1) Phagocytosis.
(2) Properdine system.
(3) Copper (i.e. probably catalase).

Phagocytosis, of which nothing is known so far as cancer is
concerned, will be left aside while the other two mechanisms are
compared in infectious diseases and in cancer.

The reciprocal variations of properdine and copper in
serum differ between infectious diseases and cancer

Both with infectious diseases and with cancer, the copper level
in the blood serum always rises. By contrast, the variations in the
properdine content are far from being homogeneous and regular in
these two types of disease. Although these are not absolute rules, the
properdine level increases in the case of fever and infectious diseases
but decreases in the case of cancerous turmours (*¥*) (see p. 56).

These contrary variations of copper and properdine in the two
types of disease in question were confirmed by observations recently
made (in 1957). It was found (55) that in the majority of infectious
diseases involving inflammation there is a simultameous inerease in

(*) Fever is considered as a defence reaction accompanied by certain defejice
mechanisms which include the three listed.

(**) If cancer is caused by a pathogenic agent this in itself constitutes a difference
between cancer and infectious disease that must be borne in mind.
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properdine (*) and copper in the blood serum. In the case of
cancerous tumours, on the other hand, an inverse relationship is
observed: the properdine content of the blood serum diminishing
while the copper content increases.

“General moblilisation™ of copper for the purposes of non-
specific defence is universal

“General mobilisation” of copper as a mechanism of non-specific
defence appears to be more universal in occurrence, or at least more
regular, than the mechanism involving properdine. Consequently,
particular attention must be paid to maintaining conditions as
favourable as possible to this “general mobilisation” process. This is
one of the main objectives of “protective” medicine. The aim must
be above all to maintain that non-specific immunity which has been
described as natural immunity. It is more than twenty years since
Alexis Carrel, the French Nobel Prize-winner, wrote:

“From now on medical science should be directed towards re-
search into the various factors involved in ratural immunity.”

His cry seems hardly to have been heard and can only be repeated
today. The important point is that it is becoming more and more
clear, particularly in the case of copper, that this natural or non-
specific immunity is strictly regulated by nutrition and by the soil.

(*) IL.e., propecdine system.



CHAPTER 33

From the soil to virus diseasestvia catalase

Virus—fugitive and variable elememt

One cannot honestly say that vaccination against foot-and-mouth
disease has given complete satisfaction. I believe that one could
express the same opinion about Man in relation to Asian flu or,
indeed, to a simple head cold.

When I hear it said, “Vitus A had become Virus C; now it has
become Virus O; we must modify the vaccine in consequence”, I get
the impression that these viruses are mischievous gnomes playing
abominable tricks on us.

From nuclea-protein to the molecule of virus

I think it is necessary, as for the other infectious diseases, to give
more and more attention to the disturbance of certain metabolic
mechanisms which render the cell open to the attack of these viruses.
This is all the more necessary, as it is not certain, as we shall see, that
the nucleo-proteins of the cells, of which the metabolism is disturbed,
cannot themselves give birth to viruses (77).

The German Nobel Prize-winner, Butenandt, states:

“There exists a continuous chain coming from the molecules of
protein to the normal molecules of viruses.”

The most remarkable biological characteristic of virus is that they
are without life, in the true sense of the word: they can live and re-
produce only in a living organism.

Many researches of the Japanese scientist Yamafuji (417-426) and
his colleagues have shown how a disturbance of the metabolism can
cause the transformation of the nucleo-protein of the cell to the
virus molecule.

These results seem to have received little attention and it therefore
seems advisable to give a short résumé of them.

137
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Catalase protects the silk-worm against the polyedric virus

Yamafuji showed that the juice pressed from leaves of tohacco
infeeted by mosaic virus had a lower content of catalase than the juice
of healthy leaves.

The Japanese scientist made a similar observation on silk-worms
affected by polyedric virus. Me then made the following teuly remark-
able experiment: he added to a polyedric virus a certain quantity of
catalase extracted from beef liver and he spread the virus (either pure
or so treated) on the mulberry leaves which were eaten by two differ-
ent groups of silk-worms. The number of worms infected by the
vitus was about 50 per cent in the group which had consumed the
vitus to which catalase had been added, relative to the number of
worms affected in the group on the mulberry leaves with pure virus.

Hydrogen peroxide ean transform molecules of the
aucleo-proteins into viruses

Yamafuji therefore came to the conclusion that the virus molecule
represents a pathogenic phenomenon due to a disturbance in the pro-
tein metabolism, generally resulting from penetration of the virus
molecule into the living cell. It is equally possible, however, for a
vitus to appear natutally or artificially under the influence of factors
that upset the metabelism of the proteins in the cell.

Yamafuji assumed the existence of a relationship between the
physiological formation of hydrogen peroxide (*¥) and the polymerisa-
tion (or denaturation) of normal nucleo-proteins of low molecular
weight, leading to the formation and multiplication of viruses.

Catizlase activity Is diminished in tissues infected by virus

In the course of the processes of biological oxidations certain
amounts of hydrogen peroxide, a violent poison of the tissues, are
always formed. It is immediately dissociated, however, in water and
oxygen (**) by the enzyme catalase, which is widely distributed in
the tissues. If, for some reason or other, catalase is not present or is
inhibited, the result is faitly large quantities of hydrogen peroxide in
the tissues.

Yamafuji studied the influence of viruses on catalase activity, and
found that it was reduced in the following instances, for example:

{*} Or oxygenated water.
{**) See p. 112,
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sugar-cane attacked by mosaic virus;
silk-worms affected by the polyedric virus;
tobacco leaves with mosaic virus.

To achieve the deficiency which will allow it to multiply, the virus
“encloses” the catalase in its molecule, thus rendering the enzyme
inactive.(*) If, thanks to this mechanism, the catalase is sufficiently
reduced, then excessive production of hydrogen peroxide will take
place in the cells.

Creation of virus experimentally by means of hydrogen
peroxide

It remained to prove whether hydrogen peroxide could bring about
the presence of a virus. Yamafuji (419) treated tobacco leaves with
hydrogen peroxide and succeeded in creating a virus which was
transmissible by inoculation. Another virus also developed (420)
which was transmissible to silk-worms by feeding them with barium
peroxide.

Hydroxylamine is known to be a powerful inhibitor of catalase and
should therefore be able to bring about the presence of hydrogen
peroxide in cells. Yamafuji succeeded in creating, experimentally,
mosaic virus in healthy tobacco plants that he had treated with this
chemical (419). Silk-worms receiving hydroxylamine in their food
were attacked by polyedric virus disease (417).

Analogous results were obtained (421) with acetoxime, a condensa-
tion product of hydroxylamine and acetone. Potassium nitrite
(KNOg), which brings about an increase in the oxime content of the
organism, can likewise start up virus diseases in silk-worms (422,
423, 424).

Yamafuji's results

The great volume of work carried out by Yamafuji and his co-
workers over a period of more than twenty years has therefore shown
that:

a virus disease reduces catalase content of the cells;

hydrogen peroxide can create viruses artificiallly;

catalase inhibitors, such as hydroxylamine, acetoxime and
mineral nitrites, can likewise lead to virus formation.

(® Yamafuji and his co-workers have unfortumately given ne information
regarding the mechanism by which the vitus “eneclases” ot inhibits catalase.
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Catalase and the virus of foot-and-mouth disease

Having studied Yamafuji’s work, two Swiss veterinarians (347), in
1949, evolved the following argument: curious at first sight, it is true,
but nevertheless not devoid of common sense.

The difference is smaller between a silk-worm and a cow, on the
one hand, than between a silk-worm and a tobacco leaf, on the other.
In other words, the difference between two individuals in the animal
kingdom: is less than between one individual in the animal and another
in the plant kingdom. In the case of one virus disease in silk-worms
and another in tobacco a diminution of catafase in certain cells was
noticed. What is the effect of the virus of foot-and-mouth disease on
the catalase in the blood of cattle? The Swiss workers injected foot-
and-mouth disease virus into twelve cows. In only one animal was
no reduction in the catalase activity of the blood observed; in all the
others the diminutions in catalase varied between 109 and 53-8 per
cent, with a mean of 24-8 per cent.

Due to experimental difficulties, the results obtained were unfortu-
nately not always so clear-cut, (*) and the work, to my knowledge, was
not continued.

Siliceous and granitic soils are unfavourable to
foot-and-mouth disease

It is far from certain that the virus of foot-and-mouth disease re-
duces catalase activity in the blood. It is strange, however, to relate
that, if reduction of catalase in the cells favours foot-and-mouth
disease, this phenomenon would explain certain observations that
have been made regarding the geographical distribution of the
disease.

It was stated above (pp. 113-114) that copper deficiencies in the
diet (and therefore in the soil) brought about catalase deficiencies in
the blood or liver of animals.

In 1939 the German veterinarian Peters (281) presented to the
Veterinary Association of Stuttgart a report on the geographical
distribution of foot-and-mouth disease in Wiirtemburg. He stated
that on sandy, granitic, gneissic soils, etc., the percentage of animals
attacked by foot-and-mouth disease did not exceed 10 per cent;

{*) These results are not clearly established because in Switzerland Moosbrugger
{255, 256) later found different results.

On the other hand the numerous and repeated results of Yamafuji stand and his
theory coiitinues to be confirmed by recent work., However, a distinction must be
made between catalase in the cell jtself and in the blood.
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whereas on soils with a fairly high content of lime the percentage was
35-40 per cent, sometimes even reaching 70-80 per cent in certain
districts.

Equally interesting is the fact that the Assistant Director of Agri-
cultural Services in the Loir-et-Cher region very recently told me
that foot-and-mouth disease did not develop to any great extent on
certain sandy soils in the Sologne area (centre of France). On the
other hand, in maps of foot-and-mouth disease in France, the
Finistére region, where granitic soils are widespread, is generally
blank.

It is indeed remarkable that copper deficiencies are rather rare (¥)
on siliceous soils (180) and, to go back to the hypotheses previously
advanced, it is possible that these soils do not cause catalase im-
poverishment and that animals consequently can resist attack by the
foot-and-mouth disease virus.

The soil as a prophylactic elemnent in virus diseases

All these studies and hypotheses open up horizons revealing great
hopes for Man’s prophylactic struggle against virus diseases. This
prophylaxis is becoming all the more essential in view of the multi-
plication and constant self-modification of viruses and because the
preventive (vaccines) or therapeutic (serum) methods available seem
in some cases to diminish rather than increase in efficiency. “Pro-
tective medicine” is the answer if the fight against viruses is to
progress.

(*) This, however, Is not an absohite rule,



CHAPTER 34

Catalase, a weapon of specific defence against
Stregicneecus heemolyticus

Catalase in specific defence

€ataLase appears not only to play a umiversal part in xow-specific
defence: its role in the face of certain, definite, infectious agents can
equally well be demomstrated. Before examining in detail the part
played by this enzyme in tuberculosis, its participation in a special
disease will be considered.

Periodie oral uleeration

An almost tragic incident, which occurred recently in a surgical
operating-theatre in Japan, demonstrates the protective rdle of
catalase against certain specific bacterial attacks.

In order that the implication of this incident may be understood it
is first necessary to explain a special disease. There are few diseases
more mysterious and more resistant to treatment than periodic oral
ulcerations (ulcerative stomatitis). They may even become gangren-
ous, then penetrate to the nose and maxillary sinuses. Local applica-
tions of antibiotics are ineffective. The micro-organism predominant
in these oral lesions is Sthegttmoccus heemelyticus (or Stepthroecus
pyogenes), which produces hydrogen peroxide. This bacterium
occurs in the normal oral bacterial flora.

In the case of normal persons the hydrogen peroxide produced by
this bacterium is destrayed by the catalase of the blood, and it cannot
develop.

The catalase of the blood and the action of hydrogen
peroxide

The catalase, as we know, decomposes the hydrogen peroxide.(*)
If hydrogen peroxide is added to normal blood there is an emission
{*) See p, 170,
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of oxygen, and the colour of the blood remains normal. But if the
blood is very impoverished in catalase, and a fittle hydrogen peroxide
is added, its colour becomes brownish-black and there is no emission
of oxygen. This coloration is due to the formation of methsemo-
globin.(*)

If to this blood impoverished in catalase a considerabfe amount of
hydrogen peroxide is added, the blood eventually becomes colourless.
If to this colourless blood there is added a reducing agent, such as
dithionate of sodium, a rose-coloured substance is formed called
“pentdyopent” by the German scientist Bingold (43).

These indispensable preliminary ideas lead to the unexpected
incident which occurred in the course of a surgical operation on oral
ulceration.

Oxygenated water darkens the oral tissues of patients
suffering from ulcerations

At the University of Okayama (Japan), Professor Takahara (367)
operated on an oral ulceration in a young girl of eleven years. Her
condition had become acute, the right nasal cavity contained a tumour
and tissues in a state of putrefaction. The Japanese surgeon removed
the tumour and asked his assistant to pass him the oxygenated water
to wash the cavity. He was aghast at seeing the tissues become brown-
black and cried: “You have given me silver nitrate instead of oxy-
genated water.” The assistant hurried to identify the bottle. It was,
indeed, oxygenated water. The evidence had to be accepted; the
oral tissues of the young patient assumed a brown-black colour under
the action of the oxygenated water,

Marked poverty in catalase of the blood of patients
suffering from oral ulcerations

The studies then undertaken by Takahara demonstrated that the
blood of patients suffering from these oral ulcerations was very poor
in catalase, and sometimes even completely devoid of it.

The Japanese investigator showed that blood taken from the ear of
these patients became blackish when a small quantity of hydrogen
peroxide was added, and that there was no emission of oxygen.
Takahara was able to reproduce the pentdyopent reaction of
Bingold.

(*) Colouring matter arising from the action of oxidising substances on
oxyhaimoglobin.
1
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The lack of catalase in the blood and tissues allows a common
bacterium to become pathiogenic

The case of the oral ulcerations demonstrates a very important
lesson. A common and harmless bacterium becomes pathogenic
because the blood and the tissues have been impoverished in an
enzyme, which is a means of defence against this bacterium.

The great merit of these Japanese observations is that they reveal
the fundamental réle of hydrogen peroxide and catalase in the struggle
of the cells of the organism against a pathogenic agent, streptococcus
hesmolyticus. So long as the cells of the body ate sufficiently rich in
catalase, they can destroy the hydrogen peroxide “sprinkled” over
them by the bacterium. If their catalase supply is impoverished, due,
for example, to a copper deficiency in the soil (p. 114), they will
succumb to the bacterial attack.

A study of tubetculesis will reveal even more plainly the réle
assumed by catalase in the struggle for life between cells, whatever
their nature.



CHAPTER 35

The great illusion of bovine tuberculosis
eradication by tubereulin testing

Tuberculln

TuBerewniN is an extract from a culture of the bacillus of
tuberculosis discovered in 1890 by Robert Koch. Its history begins
with disaster: Robert Koch believed that he had discovered a specific
cure for tuberculesis, and this scientific error led to many deaths.

Tuberculin testing

Tubetrculin testing consists of injecting a cow with tuberculin. It
is believed that if the animal is tuberculous the injection will bring
about a reaction, either local or general, depending on the method of
inoculation used. If the animal reacts it is considered to be infected
with the bacillus of tuberculosis.(*)

Milk from cows reacting to tuberculin

It was considered that milk from tuberculous cows could com-
municate tubercular infection to human beings: an infection generally
expressed in extra-pulmonary forms, such as tubercular meningitis.
Since, on the other hand, cows reacting to tuberculin are believed to
be infected with the tuberculosis bacillus, it has been deduced that
the milk from such cows could constitute a danger to Man.(¥#) On
the basis of these conclusions many countries subscribe to the elimina-
tion and slaughter of tuberculin reactors. Such a policy has cost
Great Britain £3fm. In the five years between 1951 and 1956
Holland spent £6fm. in slaughtering 400,000 cows that were

(*) This assumption has given, and still gives, rise to much controversy (410),

but all are agreed that animals in an advanced state of tuberculosis do not react to
tubereulin.

(**) These conelusions are far from being generally accepted. Lung specialists,
such as Rieckeniberg (300), even go so far as to claim that milk from cows reacting
to tubereulin confers on those whe drink it a certain immunity to tuberculosis (243).
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tuberculin reactors. This is what is ksnown as systematic eradication
of cows reacting to tuberculin.(*)

Tuberculosis, like all bacterial diseases, is a biological
accident

It will be assumed here (**) that every cow that reacts to tuber-
culin is tuberculous, and that the milk from such cows can transmit
tuberculosis to whoever drinks it. But even if these facts were true,
and even if, by spending many thousands of pounds, one could suc-
ceed in eliminating tuberculin reactors, one still would not have
progressed very far, in my opinion, towards a solution to the problem:.

It is “environment” that makes animals tuberculous

If there is a high percentage of tuberculous animals on one farm
and none at all on another, the reason is that the “enwvironment” in the
former case is favourable to the development of tuberculosis. The
tuberculous cows may be eliminated, but unless the conditions that are
famauring the development of tubereulosis are altered, a large proportion
of the healthy stock bought in to replace the slaughtered animals will
very shortly also fall victim to the disease.

In my capacity as President of the Federation of Dairy Farm
Co-operatives of my district, I have seen for myself that when 30 per
cent of a herd are revealed as reactors by tuberculin testing one may
rest assured that this is not mere chance, but the result of an *environ-
ment™ creating conditions favourable to the development of the
bacillus of tuberculesis. One can also be certain of what will happen
when the reactors have been eradicated: if the habitat, state of the
soil and feeding conditions are not changed a high percentage of
reactors will reappear in the herd, at 2 maximum, three years later.

Hartwig (146) has pointed out the same phenomenon in a herd
from which all the cows reacting to tuberculin had been eliminated
and replaced by non-reactors. Some months later a proportion of the
new animals was reacting also.(***)

(*) The slaughter of such a latge number ef cows, eften very high yielders,
obviously raises the question of their replacement: a problem not easily solved, as
the nurmber of cows of quality is limlited.

(**) But how many reservations should be made! 1 should like to see an accurate
scientifie experiment showing that a mouse or guinea-pig fed on milk from a cow
reacting to tubetculin had been attacked by tubeteullosis. If this were ttue for raw
milk, would it still be trwe for pasteurised enilk?

(***) Hartwig believes that this was due to the fact that the reeently introduced
animals were in fact tuberculous, although they did not react to tuherculin. I am
convinced that this is not the explanation; and it is better that it should not be so,
or what would really be the value of tubetculin testing?
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The two envitonmenial factors favouring tuberculosis

The envirommenizl] conditions om a farmn which give rise  the
development of tuthenauibsiis are mamy, but they can be classified in
two categories:

(1) Unihealthy living conditions.
(2) A diet deficient in quality and/ot in quantiiyy.

Tie first category will be dealt with btiefly below and the second in
the chapters that follow.

Unhealthy living conditions

Among unhealthy living conditions mention should be made
firstly (246) of overheated, badly lit, badly ventilated housing. I am
reminded here of a story often told by my old veterinary surgeon, the
late Dr. Boissifere:

Some forty years ago, after World War I, a rich industrialist in out
district decided to go in for cows. At this time the view was held that
if cows were to produce a lot of milk they must be housed in a fairly
warm atmosphere. The industrialist's advisers therefore had him
build a magnificent shed with little air, littfe light and a Iot of heat.
The herd consisted of bought-in cows, all of which, without exception,
were non-reactors to tuberculin. Two years later more than a third of
the cows were reacting and were sent for slaughter, being replaced
by a purchase of non-reactors. But every time a periodic check was
made, a high percentage of reacting cows was found, either among
the last lot bought in or among a previous lot.

Cow-sheds and tuberculosis

Ultimately, they had to stop deveting their attention exclusively
to the conseguences and turn to studying the causes. It was thought
that perhaps the housing conditions were not very hygienic, and so
these were altered, with happy consequences for the health of the -
herd.

It is to the crediit of the offficial French Vetteninary Services that they
have sllways wanted aproportion off the funds alllocated fortheeradica-
tion off cows reacting to tuberculin to be devoted, @s paut of a parallel
and simultaneous policy, to the improvement off standards of hygiene
om the fiarm,
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Tubercular homes

To turn to human housing. It is well known that there are such
things as unhealthy homes, true slums where whole families are
attacked by tuberculosis. The inhabitants are not tuberculin tested (*)
and the reactors sent to the slaughterhouse. The final result, however,
is the same: before long the whole family will go to the cemetery. A
new and healthy family takes up residence in the badly lit, badly
ventilated house. Within a short time, it too falls victim to tuber-
culosis.

Tuberculosis, a disease of poverty

Tubereulosis specialists have never stopped repeating: “Contagion
certainly does exist, but the fight against tuberculosis must not be
directed solely against the bacillus itself, but towards maintaining a
“terraiin?® resistant to the bacillus. Poverty, overwork, privation,
diabetes, etc., are rightly considered as predisposing towards tuber-
culosis.”

Unfortumately, the research work which has been undertaken up
till now has hardly been concerned at all with nutrition as a protec-
tion against tubetoulosis.

When one systematically eradicates tuberculous cows(**) from a
herd without paying any attention to the causes of the disease, one
puts oneself in the same position as the veterinary surgeon who
administers intravenous injections of magnesium to cows suffering
from grass tetany without botheting to look into the reasons for the
tetany (see p. 52), But if these causes are not eradicated, other cases
of grass tetany will follow on the same farm. Similarly, if the causes
of tubercuiosis, humnan or animal, are not eliminated, the disease will
continue to reappear.

The problem will probably be made more comprehensible by
asking the following question.

Why do peseceful tuberculosis bacilli become dangerous?

Thhe lungs of each one of us are inhabited by millions of tutbercullosis
bacilli, which we manage to accommodate quite well. They live

(*} Winnigstedt (410), a director of the Asseciation of Getman Animal Breedets,
writes: “As Professor Wistenberg has shown in human medicine, ‘tubetculasis’
must not be confused with “teacting to tuberculin’. Men would ttemible if they
kneww that everyone over fifty years of age teacts pesitively to wibetcwlin. But they
may be reassured: this deoes hot mwean that they ate tubeteulous.™

(**) [e., eactols 1o tubrncudlim.
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there very peacefully without delivering frenzied attacks against our
cells. Why, then, do they suddenly thrust themselves upon one of

our organs (most often the lungs) and make us into tuberculosis
sufferers?
As Kollath (191, p. 124} says:

“The bacillus does not explain tuberculosis. Almest everyone is in-
fected by the bacillus, but everyone does not suffer from tubercullsis.
The mest important tHing is not to know why people become tulberculous,
but to discover why those who are carriers of the bacillus are not tuberculous,”

Increased virulence or redticed powers of resistance ?

Thete are two hypotheses possible for explaining the fact that a
peaceful bacillus becomes dangerous:

1. The capacity for resistance of the cells has diminished.
2. The virulence (or pathogenic character) of the bacilli has
increased.

If the possibility of these two alterations, either separately or
simultaneously, is admitted, an explanation for them has still to be
found.

As has just been said, attention, as in other diseases, has been de-
voted mainly to the therapeutics of tuberculosis, that is, to the struggle
against the “consequences”.

The “preventive” battle against tubetculosis, as against all diseases,
has been conceived as early tracking down of tubetculesis lesions in
Man by means of X-ray, analyses, etc., and in animals by the reaction
to tuberculin testing. In other words, the aim has been to confirm
“failure” at a very early stage and prevent matters proceeding along
the road to bankruptcy.

The study of infectious diseases, so far as the chemical inter-
relationship between organism attacked and pathogenic agent is
concerned, is still in its infancy.

I am not certain that even a thousandth part of the funds, or a
fraction of the pages in the reviews and proceedings of congresses
on tuberculosis, are devoted to studying the two questions that have
just been asked. If an answer could be given to them, we should
perhaps be in a better position to develop “protective” medicine in
this sphere.

In the light of the most recent discoveries, an attempt will now be
made to understand these two phenomena, even if only in part.



CHAPTER 36

The endocrine system regulates an organism’s
capacity to resist tuberculosis

N.B. This chapter may be omitted by the non-speeialist
reader.

Hormones and resistance to tuberculosis

In studying some of the factors determining the s@b4spgenific immun-
ity of the organism mention was made (p. 107) of Selye’s work at the
University of Montreal (Canada) concerning the importance of the
pituitary-adrenal system in the general and B®joispecific defence
mechanisms of the organism. As Dubes (99) of the Rockefeller
Institute states, all recent study has shown that susceptibility and
resistance to infection by the bacillus of tuberculosis are liable, under
the influence of hormonal factors, to far-reaching changes which take
place rapidly and are easily reversible. Some of these hormonal
influences on tuberculesis will now be examined.

Somatotropin increases resistance to the baeillus of
tuberculosis

Selye (205, 329) has shown that cortisone (*) renders a normally
resistant species of rat (Allsimos Wistar) susceptible to infection by
tuberculosis. But simultaneous treatment of these rats with somato-
tropin (secreted by the pituitary) exercises a markedly protective
effect against tuberculosis, cancelling out the sensitizing influence
of cortisone. From this the Canadian worker concluded that resist-
ance of an animal to infection by the bacillus of tuberculosis is very
obviously a function of hormenal factors.

This was subsequently confirmed with mice that had been con-
taminated with human tuberculosis bacilli. The mice belonged to a
species particularly susceptible to the disease and had not been

(*) Steroid hormone secreted by the adrenal cortex.
150
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treated with cortisone to increase their susceptibility. The ffnding zvas
that somatotropin has a markedly protective effect apainst tuberculosis
(206, 207).

These investigations plainly demonstrate the protective role of
one particular hormone (somatotropin of the pituitary) in specific
defence against the bacillus of tuberculosis.

Professor Even’s prudent conclusion

These findings have been confirmed many times over, but they
have also been doubted: in Framee, for example (52, 107, 108). Pro-
fessor Even, of the Faculty of Medicine in Paris, however, has picked
out all the homogenous features from results that appear to be contra-
dictory. He writes:

“The diversity of experimental results obtained with somatotropin
may well be compared with that arising in the case of A.C.T.H. and corti-
sone. As with these hormones, moreover, reading of the records reveals
variations of some magnitude in the conditions under which the experi-
ments were carried out.

“The prudent conclusion, which appears to be legitimate in the present
state of affairs, is that somatotropin exerts an underiable influence over in-
flammatory reactions arising in the case of pulmonary tuberculosis: an
influence which in the end may be either favourable or injurious. This
property, and risk, is common to all the means of #ipti-gpecific stimulation
that have been applied in cases of tuberculosis.”

Stress will be placed here on Professor Even’s words: “Somato-
tropin has an undeniable influence on pulmonary tuberculosis,”

Two hormones appear to have a contrary action on
tuberculosis

But one fundamental piece of information emerges from what
sometimes appear contradictory observations: two hormones, soma-
totropin of the pituitary and cortisone from the adrenal cortex, have a
decisive influence on the resistance of the organism to tubetculosis.

On the whole and in the majority of cases it may be said that:

somatotropin faereases resistance to the bacillus of tuberculosis;
cortisone reduces resistance to the bacillus of tubercullosis.

It is possible that the latter is a case of a specific action. This, how-
ever, does not appear to be highly probable, as this actien on the part
of cortisone has been observed with many other bacteria (182), and
it has been seen (p. 107) that cortisone appears to considerably reduce
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the capacity of phagecytes to digest the microbes ingested. [t seems,
therefore, that this is a noK-specific actiom.

Through the thyroid, soil and nutrition affect the capacity
to resist tuberculosis

As stated above (p. 108), it is becoming more and more probable
that the horenones of the pituitary-adienal syster play an important
part in the defence of the organism against all kinds of extermal
attack. The close relationship between the thyroid and this system
was pointed out. It can thetefore be said that the thyroid (*) inter-
venes in the mechanism of defence against tubentenihsis.

As no one denies that the functioning of the thyroid is strictly con-
trolled by nutrition and by the soil, the conclusion may therefore be
reached that soil and nutrition play a decisive part in tubetculosis
resistance, even if only through the mediur of the thyroid which
exerts a profound influence over the hormonal secretions of the
pituitary and adrenal glands,

(*) It appears, moreover, that relations between thyrold and tuberculosis may
often be direct. In Poland in 1957 Maslinslg/ (233) drew attention te the rmany
reciproeal relations between the thyteid and tubetculosis, Hie established that
36-8 per cent of these suffering from pulmonary tubetculosis showed enlargement
of the thyroid, but was careful to emphasise that this petcentage varies with geo-
graphical region and other factors. Maslinsky believes that in the initial stage of
tubercutosis the baeilli emit toxic substances inio the blood which stimulate the
thyroid. In the case of chronie tubereulosis, growth of the connective tissue pre-
dominates, bringing about sclerosls of the thyrold (“‘ilberwiegt das Buadijeusebs-
wachstum im Svame einer Sikrosis der Schilddriise™).

The action of bacteriostatic substances (antibiotle and chemotherapeutie) used
against the bacillus of tubetculosis affect the meiabeolism of the hormones. They
affect the thyroid in particular. From this Maslinsky concluded that, through the
medium of fhe thyroid, different hormonal effects act on the developmental processes
off tuberculosis.
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Virulence of the baeillus of tubeveulosis is a
fumetvon of its catabase eontent

Variants of tuberculosis bacilli resistant to isoniazide

Of all the chemical substances used against the bacillus of tubercu-
losis, isoniazide (*) appears to have given most satisfaction in the
course of the last five years. It seems, however, that tubetculesis
bacilli are capable of forming variants (**) resistant to isoniazide.
Middlebrook and his co-workers in the Faculty of Medicine, Colorado
(U.S.A.), were the first to show, in 1954, that variants of tubet-
culosis bacilli resistant to isoniazide had lost a large part of their
catalase activity. For the most part the catalase activity of strains,
which resist large quantities (50 mg.) of isoniazide, is absolutely,
nil.(***)

The virulence of a tuberculosis bacillus augments with its
catalase content

In America (71) and in Japan (427) it was found that cultures of
tubercullosis bacilli resistant to isoniazide were not only low in cata-
lase, but were only slightly wirulent when injected into guinea-pigs
and mice.

At the Tubetrculosis Institute in Borstel (Schleswig-Holstein) in
1957, Meissner and Bonicke (238) studied systernatically the relation=-
ship between catalase activity in tubetculosis bacilli and their resist-
ance to isoniazide. They confirmed that there was a close correlation
between the sensitivity of the bacilli to isoniazide and their catalase
activity. The more resistant the bacteria to isoniazide, the lower
their catalase activity. The two German workers established the

(*) Hydrazide of ssonicotinic acid or rimifon.

(**) A variant is a colony of bacteria with qualities slightly different from these
of the original coleny from which it steramed.

(***) Analegous and on the whele fairly similar resulis have been ebtalned by
Desbordes (93) at the National Institute of Hygiene in Paris; Andrejew, Jacquet
and Gernez-Rieux (13) at the Pasteur Institute in Lille, and Viallier (380) at the
Pasteur Institute in Paris.
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evisiange of @ sttt paned I8t betuean e cathl hsr actvoly of diffénent
straing of tutienul s thacily and tiedr vidolénoe im the guinss-yig (%)
Al cultunes witth mo or litlk catelbse activity are atemoeted] in wioo-
lence. Wisne catalase activity & greater e dimulénoe of e swain &
lewise imoveased. i holds good for cultunes of tufienuibsis
eeiilllii im cattile as welll as huomeam beings.

Resistanee: to isoniazide, reduced catalase activity and diminuition
of vitullence are thnee hereditary characteristics of bacterim, but they
do not mecessarily always exist simultaneously. (##)

Reduced catalase activity in B.C.G. culltures

Cultures of B.C.G.(**#) tuthencuilosis bacilli also showed reduced
catalase activity, although the diminution is less marked tham in
cultures resistant to isoniazide. The important point, however, is
that the difference is much more qualitative than quantitatiive.

As was shown by Bonicke (45) in 1958, the cause of the drop in cata-
lase activity in cultures resistant to isoniazide is to be found in the fact
that they are no longer capable of manufacturing the protein (**#*#)
that supports the heme (***#%) of catalase, the protein and the heme
together constituting the enzyme (see p. 111 for the two fractions of
an enzyme). On the other hand, reduced catalase activity in B.C.G.
cultures is due not to an irregularity in the synthesis of the protein
supporting the heme, but to the fact that these colonies are no longer
capable of synthesising the heme. The diminution of virulence in
these two groups of cultures is due, therefore, to the destruction of
different portions of the catalase.

Why the pathogenic character of tuberculosis bacilli increases
simultaneously with their catalase content has still to be explained.
With this end in view the phenomenon will now be shown in a more
general light.,

(*) Note that culiures off tuberculosis bacilli resisiant to streptomyciin and_to
para-zminosalicylic acid (P.A.S.) have amormal catalase ectividy (210). {Nething
s said off their vinulence in guinea-pigs.) Mevertheless, in 11%8 Hatta (147) con-
fimmed thaet ceatelase activity of tuberculosis sputum alllows perfect renordiing of the
ffsntivensses off @ treztmanrt: iff the dreatment is efiantive, the catalase acfiviity of the

m decreases, but it remains unchanged iif the treatment iis 2 Esillure.

(**) Att the Pastmwr Institute iim Paris, in 1958, Liberman (209) studiied osmtain
aulbures resistant to isomikzide but mevsttheless virulkaitt iin dhe guines-mig and wikh
a llow catdlese adfivity. These appanent conradiciions resull, a5 Melssrar (238)
moted, fom 2 fallure to ohsarve dree conditions: (11) exaot defimiition of redistanse;
(2) divmiietiiom off =l sersitve el witthin the cuiltnres shudbiadl; ((3) s&ﬂa;mummﬁm
wied ) aiassem iineomelbt.

(=) BCG. = hadillus RIS Cakrete-Gudrim, 2 tuberculesis Hixaalllms off
thrwmezm;gm nexndiered inmeaumes iy werimns trestmeats and wesdl @s @ weadine.

((““ PRSI,
) @ crp-amzge wr o thetiic groyp.



CHAPTER 8
Catalase against hydrogen peroxide

Canrdlztion between the virullence of many bacteria and
their catalase content

THE relationship between bacterial virulence and catalase content is
not peculiar to the bacillus of tubereulosis.

As long ago as 1929, Nungester (268) published his observations on
the catalase activity of Baeillus anthraeis (the anthrax bacillus).
Rockenmacher (304), in 1949, found that virulence of Pasteurella
pestis (the bacillus of plague) is a function of its catalase activity.
Mention has been made earlier (p. 142) of the réle of catalase in the
periodic oral ulcerations caused by Siwgthmeccus hesmalyticus. But
the most extreme studies on this question have been undertaken in
connection with Brucella.

The higher its catalase content, the greater the virulence
of the baclilus of contagious abortion

Im 1938 Merz (242), in Zirich, observed considerable catalase
activity in the various types of Biugefla: the bacteria that give rise to
contagious abortion in animals and undulant (Malta) fever in hunmans.
The fact that the virulence of Bhucelss abortus increases with in-
ereasing catalase activity was confirmed by Hudiillksom (171) in 1943.
He found that the Ehuaellins abortus of vaccine S.19, that is, a culture
of very attenuated virulence, has a very low catalzse activity. Fimedlly,
in 1956 Niznansky (267), in Crecheslovakia, confirmed that the
higher tiheir catalkse activity, the mote wirulent the cultumes of
Brieclilis aboriis.

Two analogows phg&mm wﬂm:lh nevattheless appesr

(it apyyeenss, theoedfones, tiedt, for mamy bectenn, winllnee s @ fune-
titom of cataibse antiiiyy, T may pessibly evem be a gemenal mike.
1555
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Two symmetrical phenomena are thus present:

(1) Several (perhaps all) bacteria are more virulent, the higher
their catalase activity.

{(2) Diminution of the catalase content of the cells of a plant,
animal or human being is accompanied by a reduction in their
resistance to attacks by bacteria.(*)

Shell and armour

These two apparently contradictory phenomena require explana-
tion, but it is only very recently that they have been observed at all,
and so far as I am aware no written explanation of them is available
as yet. I therefore venture to put forward my own hypothesis.

Two adversaries stand face to face.

(1) They each fire the same shell—hydrogen peroxide.
(2) They each protect themselves with the same armour—catalase.

Both seem to be “sprinkled” with hydrogen peroxide. The one
who can produce the most hydrogen peroxide and at the same time
is in possession of the best armour (catalase) will be the victor.

This hypothesis seemed plausible to me in view of the fact that
leucocytes, the blood cells fighting against the bacterial cells, are known
(see p. 103) to possess marked catalase activity. Nevertheless, I
could not help regarding it as somewhat risky when one of my
colleagues at the Veterinary College drew my attention to work
which seemed to confirm the important réle of hydrogen peroxide in
the struggle for life between cells.

Hydroegen peroxide as an antibiotic

At the National Institute for Research in Dairying, Reading (Great
Britain), Dorothy Weather (404) had found that lactobacilli isolated
from Gruyére cheese produced a particularly powerful antibietic
which destroyed other bacteria in their vicinity. This antibiotic she
named Lactobacillin. Subsequent work, however, in 1952 (405) led
her to conclude that the substance was none other than hydregen
peroxide. (%#)

(®) Or by virus, as seen in the case of Yamafuji’s experiments (p. 138), ot by
cancer, as will be seen later (pp. 169-171),

(**) The strange thing is that the lactobaeilli used did not appear to possess any
catalase. Dr. Weather wondered why these bacilli were twenty-five times more
resistant to hydrogen peroxide than their adversary (StagHylénaceus aureus). The
English scientist assumed that lactobacilll were capable of destroying hydrogen



Catalase against hydrogen peroxide 157

Tthe primary biochemical mechanisms invented by Nature are
more or less the same in all living cells, whether bacterial or the cells
of a human organ. One may therefore suppose that, in the struggle
for life among cells, hydrogen peroxide represents the ordinary
offence weapon, while catalase is a sefect defence weapon.

peroxide by means of a particular mechanism, alfeady observed elsewhere In
Smeptaseecus fteealis: this organisra is eapable of utilislng hydrogen peroxide
through the medium of ribeflavin.

If this were confirmed, a new “armour” would come into being, allowing
bacteria (and, more generally, living cells) to defend themselves when “sprinkled™
with hydrogen peroxide. (For the catalase of lactobacillt see p, 169.)



CHAPTER 39

Soil copper controls the eataiase that plays
a fumdamental part in the struggle ffav
life between cells

Cataliase controls a eell’s capacity for defence and power to
attack

THE preceding chapters have illustrated the decisive rdle of catalase
in:

(1) Anbnspecific or specific defence of cells against microbial
attacks (bacteria, virus, protozoa etc.),

(2) Power of microbes to attack, their virulence apparently being
a function of their cataiase content.

The question arises why one cell fighting against another is richer in
catalase than its adversary, a fact which allows it to survive while the
adversary is destroyed.

One of the cells “neutralises” the catalase of the opposing cell

It has been seen that, in the case of viruses, Yamafuji (p. 139) sup-
posed that the virus “enclosed” and neutralised the catalase of the
host cell, thus preventing it from destroying the hydrogen peroxide.
The latter polymerised the nucleo-proteins, forming new viruses.

Unfortunately, no information is available as yet as to how the
virus “encloses” the catalase. But the fact that nothing at all is known
of these biochemical phenomena (*) does not prevent the suppesition
that an analogous mechanism is to be found in all cells. The hest cell
could “enclose” the catalase of the bacteria, thus preventing the latter
from becoming wirufent. Conversely, the bacteria would be capable
of “enclosing” the catalase of the host cell, depriving it of its capaecity
for defence.

(*) The large black circle of the unknown (see Fig. 1, p. 3) applies here.
158
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Impoverishment of the catalase in one of the cells to the benefit
of the opposing cell

It may equally be supposed that catalase, or the elements necessary
for its synthesis, is monopolised by one of the belligerent cells at the
expense of its adversary. Kreis and Joubioux (194), of the Faculty of
Medicine in Paris, emphasised in 1957, and with good reason, that the
bacilli of tubercullosis can only increase their catalase content if the
exterior milieu provides them either with the catalase or the elements
necessary ffor its syntitesis. It is possible, therefore, that this increase
in catalase on the part of the bacillus is achieved at the expense of the
catalase content of the host cell, or vice versa.

Copper regulates the catalase content of the cells

Light will be thrown on all these hypotheses in the future, and the
development of this disequilibrium between catalase content of the
cell of the attacking baeteria and that of the host cell, which is defend-
ing itself, will be explained.

Our business here is to find out how the soil influences the capacity
for resistance to microbial attacks of both Man and animals. It will
be remembered that synthesis of catalase is strictly regulated by
copper (see p. 111) and that iron enters into the composition of the
catalase molecule. It is also known that when the cells of the organ-
ism are attacked by microbes “general mobilisation” of the copper in
the blood ensues (see p. 125). The hypothesis was advanced that the
aim of this “mobilisation” is to allow increased and more rapid syn-
thesis of catalase from the iron, and consequently to strengthen the
capacity of the cells attacked to defend themselves,

A deficiency of copper in the soil gives rise to catalase impoverish-
ment of the cells of the organism (see Fig. 9, p. 114). Moreover,
it was shown that the amount of copper available in the soil is greatly
influenced by the agronomic methods employed (see pp. 35-38).

A “dusi” ia the soil plays a principal part in nor-specific
1A Mmunmity

To surarmatise, the copper in the soil exerts very strict control over
the guantities of catalase present in the cells, catalase being an ele-
ment whieh determines the virulence of the microbe or the capacity of
the organism for defence. Future research will show how a deficiency

M
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of copper (or iron) can favour catalase enrichment of the bacteria at
the expense of the host cell.
The following facts, however, are established:

(1) Catalase plays a fundamental part where mechanisms of
defence and attack in infectious diseases are concerned.
(2) Catalase is contreolled by the “dusts” of the soil, particularly

coppet.



CHAPTER 40

If bovine tubeveulosis eradication is to cease
to be an ilfusion

Why do the bacilli of tuberculosis become pathogenie ?

Arwer the general considerations of the preceding chapters one is
in a better position to answer the question asked at the end of
Chapter 35 (p. 148). “Why do the tuberculesis bacilli that used to
live peacefully in our lungs suddenly become a dangerous enemy,
turning us into tuberculosis sufferers?”” The question could equally
well be put in another form:

Why has the resistance of our cells diminished?
Why has the virulence of the tuberculosis bacilli increased?

The fundamental question which must ultimately be asked is
therefore:

What part do soil and nuteition play in this diminution of the
resistance of the organism or in this increase in the virulence of the
bacilli?

The three reasons why the bacillus of tuberculosis
becomes dangerous

It is now known that the bacillus of tuberculosis can become a
danger as a result of the following three circumstances:

(1) The hormones of the endocrine system (see p. 150) assume a
dominant r6le in the capacity of the organism to defend itself
against the tuberculosis bacillus. The activity of this system is
dependent on the functioning of the thyroid.

(2) The capacity of an animal (or human) cell for resistance is a
function of its catalase content, which depends on the mineral
matter in the soil and in the diet.

(3) Virulence of the tuberculosis bacillus is likewise a function
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off iits catallese comtent. Disequillibrivm between the cattalase com-
tent of the cell of the hacillus and that of the celll of the emiwa) (or
human being) can imitizte the disease.

Nutrition, and therefore the soil, comtrol the first phenomenon
through the medium of the thyroid,(*) and the last two phenomena
through sron @nd particularly through copper.(**)

Measures which must accompany the eradication of cows
reacting to tuberculin

In describing *“the great illusion of bovine tuberculosis eradication
by tuberculin testing” (see p. 145) some (though not many) of the
reasons why environment favours the onset of tuberculosis were dis-
cussed. We now understand that soil and nutrition can help to
reduce the cow’s capacity for defence or (and) increase the strength
of the attack by the bacillus. Systematic eradication of cows reacting
to tuberculin must therefore be accompanied by amelioration of living
conditions (see p. 147), but above all by i?pprovement of the diet and
of the soil. Deficiencies not only of phosphate and calcium (**¥)
but also of the trace elements must be systematically investigated.

As was stressed above (see p. 25) analyses of the soil and foodstuffs
alone will not provide the answer. It is of paramount importance
that the analyses relate to the animal: blood, skin, liver, urine, fasces,
hair, ete. Only on this condition will tuberculin testing and system-
atic eradication of reactors cease to be an illusion.

(*) Only this point is referted to, but it is probable that there are many other
diveet influences of feeding and the soil on the endecrine glands,

(™*) Not to mention the pessible influence of ather “dusts”,

(***) These are generally the only two deficiencies ever quoted.



CHAPTER 41
Cataliase, hemes and cancer

Catalase im the liver of patients wilth camcotious tushols

THe preceding chapters have demonsttated the fundamental réle of
catalase in the struggfe for life among cells. It is noteworthy that, in
the case of cancer, the catalase of one organ at least, the liver,(*) is
subject to variations parallel to the development of the tummour, what-
ever the organ affected by that tummout. This is shown in Tafble 30,
below, from which it will be seen that the catalase content of the

Tas1re 30
Variation in liver catalase with differejit kinds of tumour
Activity of the
gatalage ef
the liver
Normal liver 20-0
Hepatoma (primary cancerous tumour of Liver) 10
Transplanted tumour: }
Hepatoma 31 00
Jensen sarcoma 00
Epithelioma 60
Liver of rat sufffering from @ natural tumowr other ‘
than of the liver | 20

N.B. These are mathematical wnits.
From Greenstein (135, p. 350),

liwer iis extiremely low, or momn-existient, in the case off primary cameer
off the liver, or of tumowr of wy eongen, wihether transplemted or
matural. Suibssguent research was to confiinm this reduetion of the
cattalese 1im dhe linar i 2l sufffarars firom careamus tumouurs, wiatever
tihe tumaowr or wietever the angan #fffadtad Iy theatt tumour.

() Mt weary gty tioet of fortiear crgans wdis, mnd esgpasidlly it aff e canees-
s aedbs tiemseives (@ee pp. 1665-173)).
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The catalase activity of the liver returns to normal on
removal of the tumour

Two facts are particularly interesting:

(1) Diminution of the catalase activity of the liver proceeds
closely with the development of a tumour in some organ of the
body.

(2) The influence of the tumour js reversible. If the tumour is
eliminated, by surgical removal, for example, the catalase activity
of the liver returns to its normal level. If a new tumour develops,
the activity begins to diminish once more.

Tumours discharge into the blood the toxohormone that
reduces the catalase activity of the liver

Japanese research workers, in a group headed by Fukuoke and
Nakahara, have succeeded in extracting from tuemours in humans {or
in animals) a substance which, when injected into mice, causes the
catalase content of the liver to f&lV, in exactly the same way as if these
animals were suffering from a tumour (124). They have named the
product toxchormone and have proved that it is discharged into the
blood by the tumout.

The urine of tumour sufferers (262) also contains toxohormone.

The toxin excreted by a cancerous tumour can inhibit catalase
and heme enzymes in several organs

In a parallel study at the University of Vienna (Austria) in 1955,
Frisch-Niggemeyer (123) found that boiled tumour extract (Kochsaft)
taken from the Jensen sarcoma of the rat, exercised an inhibiting
action on the catalase of the red blood corpuscles of the horse as well
as on the catalase of the leucocytes in human blood. From this he
concluded that not only the catalase of the liver, but that of other
organs also, is sensitive to the toxin.(*)

Toxohormone Inhibits synthesis of catalase

Fukuoka (124) has stressed that the action of toxohormone on the
catalase of the liver is not direct, either by functional inhibition or by
destruction. The Japanese scientist was able to prove that toxo-

(*) Which is probably identical with the Japanese workers’ toxohotmone,
although this is not certain.
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hormone inhibited the syjithesis of catalase, probably by impeding
synthesis of the heme which conteins iron and forma the active
(prosthetic) group of this enzyme (see p. 112).

An attempt will now be made to examine more closely this mechan-
ism that has become disordered.

Porphyrin metabolism is disturbed in the patient with a
cancerous tumour

During the years 1956-57 Sugimura, Umeda and Ono (274, 275,
276, 360) pursued their investigations at the Cancer Institute in
Tokyo, greatly advancing the knowledge available on disturhamces
arising in the organism due to toxohormone secreted by every can-
cerous tumour. They found that the level of free porphyrin (*) in the
red blood corpuscles is higher in the patient with a cancerous tumour.
They also determined a considerable increase in the free proto-
porphyrin in the liver, indicating that this organ was no longer
capable of usage for synthesis of the heme. The conclusion reached
was that, in every sufferer from a cancerous tummour, there is a
“porphyric state” (**) particularly in the liver, due to secretion of
toxohormone by the tumour.

Catalase impoverishment of the liver of the cancer patient
is due to the breakdown of heme synthesis

These Japanese observations on the general disturbance of por-
phytin metabolism in the cancer sufferer developed and confirmed
certain earlier findings which had given an indication of this pheno-
menon.

In 1943 Auler (23) had noted increased porphyrin secretion in men
and animals suffering from cancerous tumours.

Bingold (44) in 1951 observed that cancerous tissues are very low!,
or even completely lacking, in porphyrins, from which he concluded
that the synthesis of tetrapyrrole rings (***) in such tissues is greatly
diminished. He was of the opinion, moreover, that the lack of por-
phyrin in the tissues of malignant tumours is in agreement with Von
Euler’s (105) finding of a reduction in the catalase content (****) of

(*) Organie element involved in the composition of the heme and consisting of
four pyrrole rings,

(**) Tn 1956 Ono (275), in the course of his investigations on the metabolism of
rats with tumouts, demonstrated a considerable increase in the excretion of copro-
porphyrin in the urine of these rats: this is adequate confirmation of their
“porphyrie state”,

(#*#) Prineipal fraction of the porphytins.

(**=*) Ag well as in the content of cytochrome ¢ (see pp. 180, 181),
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cancerous tissues. In Bingold’s opinion, as well as that of the Japanese
research workers, this catalase deficiency is due not to a lack of iron
or protein, but to a defect in thejfarmation of the heme molecule, resulting
from a disorder in the metabolism of the porphyrins.(¥)

These preliminary views on the disturbance of heme synthesis in
cancer sufferers will help the reader to understand better the abnormal
respiration mechanism of the cancerous cell.

(*) One must distinguish clearly between the distutbance of porphyrin meta-
bolism in the cancer sufferer and that occurring in diseases grouped together under
the name porphyrinutia. The latter is characterised not only by the excretion of
large quantities of porphyrins in the urine but alse by the formation of abnormal
isomeric porphyrins of Type I (normal porphyrins are of Type 1IL).

In the case of the cancer patient it is a matter not of abnormal synthesis but of
cessation (or slowing down) of the synthesis of the normal series III as well as of
the abnormal seties I (44).



CHAPTER 42

Special mode of respiration in the cancerous
eell

The respiration of the cancerous cell ceases to be normal

I sHeuLD have liked to go into detail about the admirable and unusual
work carried out by the Nobel Prize-winner Otto Warburg (394, 403)
on the respiratory mechanisms of the cancerous cell. For thirty
years this brilliant German scientist was constantly at work, perfect-
ing his theory with a continuity of ideas that is truly exceptional.

It is enough to say that, according to Warburg’s theory, cancer can
have thousands of causes: tars, X-rays, radio-activity, carcinogenic
substances in foodstuffs, pressure on the organs, ete. But all of these
end up in one final, primary action: the irreversible disturbance of cell
respiration.

The cell adopts a cancerous “way of life” in order that it may
survive

The cell whose normal respiratory mechanism has broken down
beyond repair will try, in order to survive, to create (%) a different
method of respiration, “lactic respiration™, also called “lactic fer-
mentation™ or glycolysis. By adopting this “way of life” the cancer-
ous cell will be able to obtain for itself the energy that is necessary
if it is not to succumb.

Despite a mass of research work, the mechanisms of the cell
respiratory system whose breakdown has given rise to the cancerous
“way of life” have not yet been determined. It seems probable that
there may be one or several points affected in the respiratory mechan-
ism or in the transmission of energy created by respiration.

(*) More exactly “to develop” for it is already in existence, although in slight
degree, in a normal cell.
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Disturbance of the synthesis of hemes in patients with
cancerous tumours

Reference will be made later (see p. 178) to different possible causes
of breakdowns in the transmission of respiratory energy, but so far as
respiration itself is concerned, the recent research mentioned in the
previous chapter seems to reveal one point very clearly: namely, that
in the cancer patient, synthesis of the hemes that make up many
respiratory enzymes, catalase and cytochrome oxidase (*) in particu-
lar, is disturbed.

A deficiency of iron (an element of the heme}) is not excluded. But
it has been seen (p. 164) that Japanese research workers came to the
conclusion that metabolism of the porphyrins, organic fractions of
the heme, was disturbed in the cancer patient. Deficiency of copper
likewise disturbs heme synthesis, this being expressed, for example,
in a deficiency of catalase (see p. 110)) or cytochrome oxidase (see
pp. 178-179).

One cannot but be impressed by the parallelism existing between
distucbance of heme synthesis in the organism due to:

deficiency (direct or indirect) of copper;
the presence of a cancerous tumour.

This does not necessarily mean that the second phenomenon is a
consequence of the first, but the parallelism is such that it merits
attention. Several chapters will therefore be devoted to its study,
leading to very disquieting conclusions on the copper metabolism
disturbances that accompany cancer. First of all, however, Warburg’s
work, carried out in 1957-58, on some of the effects of low catalase
content in the cancerous cell will be described.

(®) Naturally also the cytochromes (pp. 180-181).



CHAPTER 43

Cancerous cells are more sensitive to X-vrays
than normal cells because they contain
fess catalase

N.B. This chapter may be omitted by the non-specialist
reader.

The cancerous cell is a partial anasrohic organism

As has just been explained above, a cancerous cell is a cell in which
the energy is no longer provided by the normal respiratory mechan-
isms, but by lactic fermentation (see p. 167). As a result it must be
regarded as a partly anterobic (*) cell.

The aawshhic organism loses its catalase in adapting itself to
the conditions of anserebiosis

It is a known fact that when lactic bacteria are cultured under
anaerobic conditions their respiratory enzymes, particularly their
catalase, are progressively destroyed. If these bacteria are subse-
quently brought into contact with oxygen they utilise the latter, by
means of their yellow ferments (with riboflavin), thus producing
hydrogen peroxide (H2002), which in turn kills them, since they have
no catalase left to destroy it. But if catalase (**) is added to these
cells the hydrogen peroxide is rapidly destroyed and the cells remain
alive in their contact with oxygen.

(*) An anaerobic oeganism is one which lives in the absence of free oxygen
(gaseous or in solution). It should be noted that fermentation is looked upen in
sorme quarters as “anagrobie respiration”.

(**) Protection of amserobic micro-osganisrns against oxygen by addition of
catalase was discovered by Avery (24) in 1924. Tihem in 1933 at Dahlern, Warburg
(396) discovered the cherical mechamisrn of hydtegen peroxide formation by
an@robes thteough re-exidation of the yellow ferments. -
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The cancerous cekl is low in catalase

The catalase content of the cancerous cell has frequently been a
subject of discussion. It seemed natural that, being partially anaero-
bic, it should possess less catalase tham the nermal cell. The low
catalase content of the cancerous cell had been pointed out by the
Swedish Nobel Ptize-winnet, von Euler (105) in 1942 and was con-
firmed by Warburg (398) in 1953, Mere generally the latter noted
that the cancerous cell had lost a proportion of its respiratory enzymes
with iron (Eisenfermente).

X-rays ereate hydrogen peroxide in aqueous media

In 1944 Weiss (407) showed that X-rays create hydrogen per-
oxide (*) in aqueous media, and therefore in living cells.
The following three facts are, therefore, to be considered:

(1) The cancerous cell is low in catalase.

(2) X-rays create hydrogen peroxide in living cells.

(3) Hydrogen peroxide is fatal to the cell if not immediately
destroyed by catalase.

On this basis it is understandable that cancerous cells are more
sensitive (**) than normal cells to the destructive action of X-rays,
being poorer in catalase and therefore limited in their capacity to
destroy the hydrogen peroxide created by these rays.

New therapy to make X-rays more effective

In 1958 Warburg (403) confirmed this result, and from it he tried
to draw the following therapeutic conclusions.

Although cancerous cells are rapidly destroyed in witro (under
laboratory conditions) by very small amounts of hydrogen peroxide,

(*) This action on the part of X-rays siems from the combination of -OH
radicals of primary fermation, or from the reduction of molecular oxygen by —H
atoms of primary formation.

{**) In his 1957 and 1958 investigations Warburg never mentioned the question
of properdine (see p. 105), although the blood of the cancer patient is lower in the
“properdine sysierm™. On the other hand, Pillemer (282, 306) and his co-workers
olbserved that X-rays lower the properdine content of the blood. 1t is 2 known fact
that total irradiation causes severe bacterisemia. The American worker attributed
this disappearance of general, nowvsipecific resistance to bacterial attacks to the
reduction of properdine in the bleed. He proved his theory by administering intra-
venous properdine injections to irradiated animealls: the resistance of these animals
to bacterial infections was greatfly increased 25 @ resolt.

1t woalid obviously be imteresting to know wiket hnfliuence the action of X-rays,
wiich acoettuates properdine impoveristument, have on camoar patients who
are already impoverished witth regard to properdine,
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a cancerous tumour cannot be destroyed in the organism (for example,
an ascites tumour (*) in the abdominal cavity) by means of hydrogen
peroxide injection. Indeed, this therapeutic method is of no avail, for
the blood that irrigates the tumour still contains sufficient catalase to
destroy fairly rapidly the hydregen peroxide injected.

Warburg (403) therefore proposes that the blood circulation in the
region where the tumour is situated should be separated off from the
general circuit and nourished by plasma pumped by means of an
artificial heart. The cancerous cells would then receive no more
catalase from the blood, and would be destroyed by the action of X-
rays in the body itself as surely as they are destroyed in the laboratory.

Anti-cancerous effect of hydrogen peroxide in drinking-watet

It is interesting to compare with these observations of Warburg
in 1958 another treatment used by Holman in 1957 at the Welsh
National School of Medicine in Cardiff. Following upon his pre-
liminary studies of long forms of bacteria (166a), Holman advanced
the hypothesis that disequilibrium between catalase and hydrogen
peroxide could play a part in the formation of cancerous tumours.
He had in mind the more or less encouraging results obtained with
intra-peritoneal or intravenous injections of hydrogen peroxide into
animals suffering from cancerous tumours. It was his belief that
these injections were defective in that they did not allow the hydregen
peroxide to act comtinuomsly, To achieve this continuous and pro-
longed administration he adopted the most simple, one might almost
say ultra-simple, method of all—adding oxygenated water to drink-
ing-water (166b). He investigated the optimum proportion of
hydrogen peroxide in drinking-water consistent with effectiveness
but without running the risk of damage to normal cells.

Having ascertained this optimum, Holman offered drinking-water
with the requisite proportion of hydrogen peroxide added to rats
suffering from adeno-carcinoma tumour Walker (256) (which had
been inoculated). The result is teuly unexpected: a 50-60 per cent
cure. The time required for the destruction of the tumour (in the
rats cured) varied from fifteen to sixty days.

Carrying his boldness still further, Holman administered drinking-
water with hydrogen peroxide added in the same proportion to four
people suffering from inoperable cancerous tumours. In two of the
cases the result was an obvious clinical improvement with diminution
of certain biochemical characteristics reflecting the gravity of the
tumour.

(*) Accumulation of liquid in the peritoneal cavity,
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If these results were confirmed, a horizon full of hope would be
opened up.

To prevent catalase impoverishment of the cell

The future will tell what possibilities are contained in these new
and original treatments, which, however, are not lacking in complica-
tions and dangers.

These therapeutic methods make use, it is true, of the fact that the
cancerous ccll is impoverished with regard to catalase. But the
method most likely to solve the problem of cancer is to ask why the
cancerous cell is lacking in respiratory enzymes with iron, particu-
larly catalase, and to try to prevent this impoverishment taking place.
This is the aim of “profective medicine”, and to it several chapters will
now be devoted. First of all, however, two aspects of the réle of
catalase remain to be studied.

Catzalase in the Bikini algse

Radio-active radiation, like X-rays, destroys cells by creating in
them large quantities of hydrogen peroxide. The result is carcino-
genic effects, or even death.

In the course of the first atom bomb test at Bikini the sea, in certain
places, was rendered highly radio-active for several years subse-
quently. Nevertheless, many algse were seen to survive in these parts,
a fact which gave rise to sonic surprise, and more so as they did not
present any apparent anomaly. Analyses of the enzymes of the plants,
however, revealed their secret (118, p. 237): their cells contained six
times more catalase than normal algee. They had succeeded in adapt-
ing themselves to their environment by multiplying within their cells
the catalase that made possible the destruction of the excess hydrogen
peroxide created by the excess radio-activity in the water.

The soil, the first weapon of defence in a future atomie war

It is known, thanks to grass, that certain deficiencies in the soil
(see p. 29) and in the diet upset the metabolism of animal cells and
give rise (p. 111) to a low catalase content in these cells. By impover-
ishing the cells in catalase, therefore, these soil deficiencies will make
them more sensitive to the radiation of atomic bombs, thus increasing
the sphere of action of such radiation.

For all time the soil will remain the very basis of our life, in every
sense of the word and from all points of view.



CHAPTER 44

Cancer is fess common at high altitwdes because
the bood is richer in catalase

Frequency of cancer diminishes with altitude

THESE recent studies by Warburg on the low catalase content of
cancerous cells should be compared, in my opinion, with some highly
original Japanese investigations.

At the School of Medicine of the University of Nagoya (Japan)
Oshima (276a), in 1956, carried out surveys and worked out many
statistics showing that cancer in Man (*) is less frequent at high than
at low altitudes. These statistics concerning human beings were con-
firmed by a similar result in the case of fowls: frequency of cancerous
tumours in hens diminishes with altitude.

The carcinogenic power of butter yellow decreases at high
‘ altitudes

These statistical results were confirmed experimentally with
transplantable sarcomas in fowls: these developed much less success-
fully at a high than at a low altitude.

But the most striking experiment was carried out in the course of
investigations on the carcinogenic effect exerted on the liver by
butter yellow (**) added to the diet of rats (see p. 183). The carcino-
genic action of butter yellow was studied in two groups of rats:

one group was placed at the ““Research Station for High-Altitude
Medicine”, situated on Mount Norikura, 9000 feet [2800 m.]
above sea-level with an atmospheric pressure of 21-6 inches
[549 mm.].

a second group at the University of Nagoya, which stands at a

(*) It is strange that in his work The Geogrephy of Cancer, Steiner (348) does not
take altitude inte considerstion in his statisties, I know of no other statisties
concerning cancer frequency as a function of altitude, apart from the Japanese work
mentioned.

(**) L.e., pava<fitineetpllamino azobenzene,
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low altitude where the atmospheric pressure is 30 inches
[758 mm.].

The two groups received identical rations containing butter yellow
in the same proportion. The results were as follows:

at the low altitude 92-9 per cent of the rats had cancer of the
liver;

at the high altitude only 44-4 per cent, i.e., less than half, were
affected.

The Japanese workers concluded that a high-altitude environment
has an inhibiting action with regard to the carcinogeneric effect of
butter yellow.

Blood catalase increases at high altitudes

It remains to explain why a high altitude is unfavourable to the
development of cancerous tumours. Oshima and his co-workers give
no explanations,(*) but I wonder whether the explanation for the
Japanese observations is not provided by the investigations carried
out by a Russian scientist Alexeeff (7, 8, 9) some thirty years pre-
viously on the high plateaux of Central Asia. What he found was in
fact that at high altivades human blood s richer in catalase.

If one assumes, as appears probable, that catalase is one of the ele-
ments of defence against cancer, then Alexeeff’s findings throw a great
deal of light on the Japanese statistics and experiments namely: a
high-altitude environment develops resistance to cancer because it
in¢reases the catalase content of the blood.

(*) They have simply indicated that the high altitude was able to act favourably
on the pituitary and adrenal glands, without specifying the nature of this action.



CHAPTER 45

Catalase, virus of cancer and distuvbance
of cell respiration

N.B. This chapter ray be omitted by the non-specialist
reater.

Are Oberling’s theory of viruses and Warburg’s theory of
respiratory disturbance opposed to one another?

T question of whether or not cancer is caused by a virus can only be
touched upon here. What is certain is that in animals at least certain
cancers (especially different leukemias or leucesis) can be transmitted
by viruses, or, to be more exact, by “particles” that behave like
viruses {95).

The theory of the cancer virus was developed by the great French
scientist Oberling (269). Personally I do not think that it is necessarily
opposed to Warburg’s theory, although the latter has always been
strongly opposed to the theory of a cancer virus. An attempt will now
be made to establish a correlation between the theory of respiratory
disturbance put forward by Warburg and the virus theory initiated
by Oberling.

The virus of leucosis in poultry upsets an essential
mechanism transmitting the energy furnished by respiration

In 1954, at Duke University in North Carolina (U.S.A.), Mom-
maerts (250, 251, 252) and his co-workers made an observation which,
to my mind, must alter many of our ideas not only on cancer but also
on viruses.

Up to this time it had been very difficult to determine enzymatic
activities in viruses. Mommaerts set about studying the virus of
erythro-myeloblastic leucosis in poultey, a form of “blood cancer”
so widespread in occurrence today among breeding flocks of poultey
that it is doubtful whether there is a single flock in existence that is
completely free from it.
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The investigations at Duke University succeeded in proving that
the infectious particles of virus had a highly developed enzymatic
capacity for the dephosphorylation of A.T.P. (adenosine triphos-
phate), which transmits to the cell and to the organism the energy
created by respiration. In other words, a virus that transmits and
causes a cancer (leucosis of poultry) possesses an enzymatic activity
that uncouples respiration and energy in the cell. According to
Warburg’s theory of a respiratory disturbance in the cancerous cell,
this uncoupling of respiration and energy is a matter of great imporance.

Mommaert’s observations, if they can be confirmed, allow one
single theory to be evolved from the theories advanced by Oberling
and Warburg. This, it should be emphasised, is a personal assump-
tion of my own.

Lack of catalase in the cancerous cell can lead to the
spontaneous appearance of a virus

This relationship between viruses and the disturbance of respira-
tion in the cancerous cell was to be seen in quite a different and very
original light by the German scientist Seeger (327). His hypotheses,
linking up the question of viruses with the respiratory disturbance in
the cancerous cell, have the advantage of showing that the point of
departuee for cancérisation of the cell is catalase impoverishment;
that is, a respiratory heme enzyme whose importance in the struggle
for life between cells and in the development of cancer has frequently
been stressed here.

Seeger started from Yamafuji’s theory, which has been described
above (see p. 138) and reasons as follows. Assume with Warburg
that the many causes of cancer all end up in one and the same result:
disturbance of the respiratory mechanisms of the cell. One of the
fundamental elements in these disrupted mechanisms is catalase
impoverishment of certain cells. This, it is known, will correspond
with increased production of hydrogen peroxide, which will denature
and polymerise the nuclec-protein molecule, making from it a virus
molecule which, in order that it may multiply, will “enclose” and
neutralise the molecules of catalase, thus teansmitting cancee.

From the virus to the cancerous cell

The following phenomena thus appear in succession:

(1) Any carcinogenic action (tars, foodstuffs, radiation, etc.)
disrupts the respiratory mechanisms of the cell. Mote par-
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ticularly, synthesis of the hemes is disturbed, causing certain cells
in the cancer patient to become impoverished with regard to
catalase.

(2) This insufficiency of catalase gives rise in the cell to over-
production of hydrogen peroxide which will *“denature™ the
nucleo-proteins, transforming them inte viruses (or at least into
particles that behave like viruses).

(3) If transported to another organism these virus molecules
created in the cancerous cell will be able, by means of a similar
phenomenon in the opposite direction, to reduce the catalase con-
tent of certain cells in that organism, thus upsetting their respira-
tory mechanism and forcing them to adopt the cancerous “way of
life” in order to survive,

Seeger has completed and consolidated this very original theory
by the addition of various other considerations.

The close bond between the virus of cancer and disturbance of the
respiratory mechanisms of the cancerous cell is thus manifested.



CHAPTER 46

Respiratory mechanisms disturbed in the
cancerous cell and upset also by copper
deficiency

N.B. This chapter may be omitred by the non-specialist
reader.

Cytochrome oxidase “sets” the eleciron on oxygen

THE cell has probably several different respiratory mechanisms
indicating that there are several routes which can carry hydrogen
to oxygen, enabling it to combine with oxygen and thus form water or
hydrogen peroxide. In more scientific, and in more general, terms
it may be said that there are several different methods of transporting
the electron of the oxidised substratum to oxygen.

In its last stage the respiratory route, which is apparently the most
important, utilises an enzyme which Warburg called “respiratory
ferment” and which today bears the name cytochrome oxidase. This
enzyme “sets” the electron on the oxygen molecule.

Cytochrome oxidase contains iron and copper

Cytochrome oxidase is a highly complex substance. From War-
burg’s experiments in 1928 (394) it is known to contain iron, part of
which is in heme form. In 1938 Keilin and Hartree (184) put forward
the opinion that cytochrome oxidase contained copper: an opinion
either disputed or forgotten for twenty years. It was not until 1956
that Green (134), at the University of Wisconsin, was finally able
to prove that cytochrome oxidase did contain copper, as indeed de
the raajority of, if not all, oxidases.
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Cytochrome oxidase content of the liver is greatly
diminished by copper deficiency

Im 1934 it had been discovered by Cohen (69) that a ration deficient
in copper diminished cytochrome oxidase in the tissues of rats. When
copper was added to the ration the cytochrome oxidase activity of the
tissues very obviously increased again.

This experiment with rats was repeated five years later by
Schultze,(*) attention being concentrated in this case on the cyto-
chrome oxidase in the liver (321). Table 31 shows that after several
weeks of a diet deficient in copper the cytochrome oxidase activity
of the liver fell to one-seventh of the normal. A very small supple-
ment of copper in the ration was sufficient to make the activity rise
again rapidly to three-quarters of the normal.

Tame 31
Fndflaemee of copper deficiency on the cytochrome oxidase in
the liver
. Interval sinee Cytochrome oxidase
Ration ‘ weaning (in weeks) activity of the liver
Normal ’ ‘ 142
Copper deficient 2;3 gg
(Milk +- 0-5 mg. iron/day) 6-9 19
Partly copper deficient 6-9 98

(Milk 4+ 0-5 mg. ironfday +
0@5 mg. copper/day)

N.B. Cytochrome oxidase activity is measured with an artificial unit and is
recorded per unit weight of dry matter.

Frem Schultze (321).

Consistent agreemeant of results

It was seen above (p. 117) that Schultze’s results concerning the
influence of copper deficiency on catalase were to be a topic of dis-
cussion for more than fifteen years and that in 1957 the Wintrobe-
Cartwright group recognised their mistake with due honesty. The
same is not true, however, of cytochrome oxidase: every author,
without exception, arrived at the same result. For example, Gallacher

(*) See p, 111 for Schulize's experiments on the effect of copper deficiency on
catalase.
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(128), of the Faculty of Medicine of London University, con-
firmed in 1956 that a severe deficiency of copper reduced the cyto-
chrome oxidase activity of the liver to one-twentieth of the normal,
and that even a wery slight deficiency was sufficient to reduce it to
a quarter of the normal. This shows how sensitive cytochrome oxi-
dase is to even a very moderate copper deficiency. On the other hand,
a very small supplement of copper causes the cytochrome oxidase
activity of the liver to increase very rapidly (in less than eight days)
to its normal level.

Copper deficlency has a twofold effect on cytochrome oxidase

All the research workers have concluded that the fall in cytochrome
oxidase activity of the liver in the presence of a copper deficiency
results from the general breakdown of the mechanism for synthesising
the hemes that this enzyme contains. Even in 1956 Gallacher (128),
who had no knowledge of Green’s work published in the same
year in the U.S.A., believed that cytochrome oxidase contained no
copper.

If, as I believe it is very probable, cytochrome oxidase contains
copper as well as hemes, it is more understandable that copper
deficiency will reduce cytochrome oxidase activity by means of a
double mechanism:

by disturbing the synthesis of the hemes;
by directly impoverishing the enzyme with regard to copper.

This double mechanism might explain why this enzyme is so
sensitive to even the slightest deficiency of copper.

The functioning of the cytochrome system of the cancerous
cell is not normal

As far back as 1938 the Swedish Nebel Prize-winner von Eulef
(104) was studying the respiratory system of the Jensen sarcoma and
found that the cytochrome oxidase had reduced its activity to one-
twentieth of the normal. Von Euler concluded: “Defectiveness of
the cytochrome system is the main characteristic of the respiratory
mechanism of the cancerous celfl.”

The conclusions reached by this Swedish scientist were largely
confirmed during the twenty years that followed. It appeared that
there existed, above all, a disequilibrium between the different ele-
ments of the cytochrome system in the cancerous cell. In 1954
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Greenstein (135, pp. 444-445), an eminent specialist in the biochem-
istry of cancer, concluded:

“Cancerous tissues, as compared with normal tissues, are characterised
not only by a very low content of cytochrome c, but also by a marked
disequilibrium in the relationship between cytochrome oxidase and
cytochrome c.”

Copper deficiency reduces synthesis of the phospholipids (*)
in the liver

Gallacher (128) found, in 1956, that even moderate deficiency of
copper considerably reduces the formation of phospholipids in the
liver of rats. These play a fundamental part in the connection (**)
between respiration and energy.

As was seen above (p. 167), Warburg (399) believed that one of the
phenomena compelling the cell to adopt the cancerous “way of life”
in order to survive is the uncoupling of respiration and energy. It
seems very probable, therefore, that a deficiency of copper, by up-
setting the synthesis of the phosphelipids, runs the risk of throwing
out of gear one of the fundamental mechanisms for transmission of
respiratory energy, thus forcing the cell to become cancerous in
order not to succumb. It will be seen later, moreover (p. 195),
that the combined use of copper and a phospholipid (lecithin) has
appeared to give good results in the treatment of skin tummours
(epithelioma).

Copper deficiency in the soil upsets the metabolism of the
sulphydryl groups in animal cells

In the case of sheep at grass, copper deficiency in the soil upsets the
metabolism of the sulphydryl groups (-SH) in the cells of the wool,
causing a serious defect in the latter (see pp. 29-30). These sulphydryl
groups are of enormous importance for the respiratory mechanism
of the cell and in the transmission of respiratory energy. Disturbance
of these groups due to copper deficiency in the soil (and in the diet)
therefore risks disturbance of the respiration of the cell in a high
degree.

(*) The phospholipids (phosphatids) represent lipids (fatty substances) which
are esters of phosphoric acid containing one or two molecules of fatty acids, aleohol
and a nitrogenous base. The best known are lecithin and eephalin.

(**) Connection achieved by what is known as oxidative phosphorylation.
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Benzpyrene exercises its carcinogenic effect by blocking
the sulphydryl groups

On the other hand, many investigations (60, 117) have assumed that
certain substamces, particufarly benzpyrene, are carcinogenic in their
action because they inhibit the sulphydryl groups of certain en-
zymes: in other words, they upset the metabolism of the sulphydril
groups in exactly the same way as copper deficiency in the soil.

In 1953 Wood (414) found that intravenous injections of benz-
pyrene in aqueous, colloidal dispersion greatly reduced the sulph-
ydeyl group content of the blood serum. In 1955 Rondeni (304,
p. 191) concluded a long series of experiments on the questiom
of sulphydryl groups and cancer by saying:

“We must assume as highly probable the development of an interaction
between the carcinogenic hydrocarhons and the (-SH) groups of certain
protein fractions. It is equally probable that such an interaction plays

some part, ill-defined as yet, in carcinogenesis, at least in the case of the
hydrocarbons and related substances.”

Action of azo dyes on the sulphydryl groups

The German Nobel Prize-winner Richard Kuhn (196), of the
University of Heidelberg, held that azo dyes had a carcinogenic
action because, after metabolic transformation, they arrived in the
affected cells in the form of quinones obstructing one or more sul-
phydryl groups of the enzymes of the respiratory system of the cell.

The blood serum of the ecancer patient is impoverished in
sulphydryl groups

In addition, the blood serum of a person suffering from a cancerous
tumour contains less of the suiphydryl groups than normal serum
(135, pp. 554-555). This phenomenon indeed is so characteristic
that Stricks (358), in 1953, suggested quantitative determination of
the sulphydryl groups in the serum for diagnosis of cancer.



CHAPTER 47

Nutrition affords powerful protection against
carcinogenie effects

Discovery in Japan of the carcinogenic action of azo dyes

In 1932 in Japan Yoshida discovered that an azo dye in the ration fed
to rats gave rise to hepatomeg (cancerous tumour of the liver). This
was the first time that a simple and clearly defined chemical substance
had been discovered which, when introduced into the diet, caused
eancer.

Immediate attempts ensued in Europe and America to reproduce
this Japanese result, but these were a complete failure. At first it was
supposed that the Japanese scientist had committed an experimental
error. But, as the results were repeated many times over in Japan
during the period when the failures were being repeated elsewhere, it
had to be assumed that there was a difference in some factor between
the Japanese and European experiments which was giving rise to the
contradictory results.

Protection afforded by wheat against the carcinogenic action
of azo dyes

In consequence, it was said that this discovery of the carcinogenic
action of azo dyes could be made only in Japan. Ia fact, the experi-
raental rats in that countey were fed on decorticated, and very often
even on polished, rice, while the rats in Europe and the U.S.A.
received a basic ration of wheat grains. Fimallly, in 1940 the Japanese
workers (13) came to the following conelusions:

(1) Development of liver cancer due to azo dyes depends on the
nature of the ratiom, patticularly on the nature of the cereal and
what tieatmment it has undeigone.

(2) Whole wheat has a remarkable capacity for inhibiting the
carcinogenic action of azo dyes on the liver.

(3) iVem-polished rice has only a moderate inhibiting power.
This becormes almost non-existent in the case of polished rice.
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It was to appear subsequently that one of the principal “protective
factors” contained in the wheat grain was represented by vitamins of
the B group, particularly vitamin B2 or riboflavin.

A crazy story not exclusively Chinese

It is a well-known fact that polishing of rice, by depriving it of its
vitamin B{}{*) is the cause of beri-beri. Today every bag of rice has
imitation grains containing vitamin B, added, with consequent di-
minution of this scourge in the Far East. Polishing rice with im-
proved machinery is therefore one aspect of the progress of modern
science incurring the obligation to add some (only a minute part!) of
what has been removed. Is the reader acquainted with the story of
the fool who emptied his bucket every time it was full just to have the
pleasure of re-filling it?

If only this was merely a Chinese tale! Unfortunately white bread
is the Western counterpart of the pofished rice of the Orient. It is
enough to recall that white flour has lost a large part of the vitamins
Bx (thiamine) and Ba (riboflavin) contained in the wholfe grains of
wheat (**) (see Table 20, p. 53).

The carcinogenic effect of benzpyrene on the skin is a
function of nutrition

It is interesting to go back to some experiments that have sunk into
oblivion, carried out some twenty years ago by Maisin (218, 219, 220),
the present Director of the Cancer Institute in Louvain (Belgium).
Tihese were concerned with the protective role of nutrition against an
external carcinogenic substance, namely benzpyrene.

The skin of rats was painted with the chemical, giving rise to epi-
thelioma, (***) Injections of benzpyrene were also administered, and
these produced sarcoma.(#***) Maisin established that the nature of
the diet, and particularly the way in which the constituents thereof
had been treated, caused the percentage of animals attacked by
cancers due to benzpyrene to vary considerably, sometimes in the
proportion of one io two. From this the Belgian worker concluded in
1941 (220, p. 354):

*) Also known as thiamine or aneurine (see Chapter 4, pp. 16-18).

##) In certain countries legislation demands the addition of vitamin B, to white
flour (170, p. 135). The bucket that was emptied is thus partially (f) re-filled.

(***) Epithelioma = tumour of the epithelium, for example, of the skin.

(****) Sarcoma = tumour of the conneective tissue.
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“In certain vegetables and foodstuffs there are one or more anti-
carcinogenic (#) factors, which are active in the prophylaxis of cancers
caused by azo dyes and hydrocarhoms(**)™

Carcinogenic effects of tobaceo can be reduced by a suitable
diet

Maisin’s conclusions are even more topical today, now that it has
been discovered that benzpyrene is the carcinogenic substance con-
tained in tobacco tar. It is not at all certain that tobacco causes an
inereasing number of cancers of the respiratory organs because it is
more carcinogenic than it used to be. On the contrary, I am inclined
to suppese that the more rapid development of cancer among smokers
is due to alterations in the present-day diet, which has thus become
less protective. White bread alone is very probably responsible for the
disappearance of several ‘“‘protective™ factors contained in whole
bread. Changes in methods of cultivation must likewise play a part
in the diminished protection offered by foodstufs.

Exhortations to give up tobacco smoking are hardly likely to have
any more effect than sermons on virtue, and so the hopes of men must
be placed on improving the protective characteristics of their diet.

Nutrition is the basis of defence methods against cancer

An authoritative opinion can be called upon in support of this
conception of the réle of nuteition in “protective medicine™ where
cancer is concerned. The great German surgeon Bauer (30, p. 654),
a cancer specialist,{#**) has stressed the importance of results relating
to the protective role of certain factors contained in the diet, such as,
for example, riboflavin (or vitamin Bg) (see above, p. 184). He writes:

“The fact that the carcinoegenic influence of azo dyes cannot be exerted
if the ration contains sufficient riboflavin is a discovery of ffindlmmental
importance ffor our methods of defence against cancer. It shows in effect that
we will no longer be exposed to the danger of carcinogenic action if we
see to it that our diet is not deficient in a fundamental vitamin. No one
can believe that this is a unique and exceptionel case. On the contrary,
this example justifies the conclusion that the diet, whatever its rature, can
famour cancer if, for a long period of time, it is lacking in certain essential
substances.”

These words were written ten years ago by one of the greatest
authorities on cancer. Unfortumatefy, they do not seem to have
found much echo.

(*) Maisin uses the word antibiastic.

(**) Whieh occur particularly in tars, and include benzpyrene.
(®***) See p. 266 for another citation from Bauer.



CHAPTER 48

Copper as a protective element against
carcinogenic colouring substances in our

Hoodbaffs

The carcinogenic action of azo dyes is inhibited by the
copper in the ration

As long ago as 1946 Sharpless (333), at the Henry Ford Hospital
(Detroit), observed that the addition of a copper supplement to the
diet of rats had a marked protective effect against the carcinogenic
action of the butter yellow contained in that diet. These initial
observations were confirmed in 1953 by Pedrero and Kozilka (279),
using an azo dye (*) similar to butter yellow. The addition of copper
to the ration greatly reduced the number of hepatoma caused by the
dye. Finally, in 1953 at the Faculty of Medicine of Virginia (U.S.A.),
Clayton (66) studied the carcinogenic action of different azo dyes
using, for rats, basic rations absehuately devoid of copper. These
rations he supplemented with quantities of copper varying, per rat,
from 3-94 to 300 mg. and found that the 300-mg. dose very greatly
reduced the percentage of rats affected by tumours of the liver. The
appetite of the animals was not impaired by this copper supplement.

Were we right in giving up the copper pans used by our
grandmothers ?

It would obviously be interesting from the biochemical point of
view to know more about the mechanism by which copper inhibits
the carcinogenic action of azo dyes. It is to be hoped that this matter
will be cleared up in the future, in which case the result will no doubt
be great progress in the improvement of the anti-carcinogenic quali-
ties of Man’s diet.

Cookery lovers who read these words will naturally feel justified in

(*) 3'-metthyl-4-ditmetthyiamimoazobenzene was used,
' 186
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asking: “Did we act wisely in giving up the copper pans used in the
past?” (*)

The protective role of the soil against cancer is revealed
through copper

But interest in this present connection is centred in the fact that a
diet deficient in copper favours the action of certain carcinogenic
substances. This deficiency may arise from the nature of the soil
(see pp. 29-31), methods of farming (see p. 35) or from drinking-
water consumed (see p. 253). It seems, therefore, that there is a very
clear relationship between the soil and cancer through one of the “dusts™
contained in that soil, namely, copper. This relationship will become
even more evident on examination of the cancer maps of Holland and
Wales (Figs. 15 and 16, pp. 225, 257).

(*) It will also be seen that copper ean neutralise the urochrome contained in
certein drinking-water (p. 255).



CHAPTER 49
Cumulative toxic effects and negative toxieity

What is a toxiec substance?

I Have always found great difficulty in obtaining, or indeed in pro-
viding, a peecise answer to the questiom: *What is a toxic substance?”
The first reply which springs to mind is: “A toxic substance is a
substance which upsets to a more or less serious extent the vital
functions of the organism,” But this immediately gives rise to a
new question: “At what dosage and with what delay will this toxie
substance put into effect its visible injurious action?”

The most accurate reply, most consistent with general opinion and
at the same time with current practice, would appear to be: “The
toxic dose is the dose that makes its effect felt in the organism by
visible reactions within not too long a period of time.”

But a new obstacle looms up: that of defining “not too long” a
period of time. Arsenic and lead in small doses are toxic only after a
very great number of years, perhaps even never if the doses are in-
finitesimal. In such instances it is a case of slow, cumulative effects
which have only very rarely been studied, as, for example, in the case
of tradesmen working with lead paints.

The cumudlatiive toxic effects of carcinogenic substances

This idea of slow cumulative toxicity was to become even more
tragically obvious with the development of modern, chemical in-
dustry: cancer of the bladder among workers in aniline factories is one
of the earliest and best-known cases.

What may be described as the “chemicality” of the modern world
finds expression in the addition of a large number of chemical pro-
ducts to foodstutfs. It is estimated that a thousand carcinogenic sub-
stances of this kind are in common use at the present time in nutrition
(102, 103, 143, 325, 428). Very often these are colouring substances,
particularly azo dyes, one of the best known of which is butter yellow
which is carcinogenic for the liver (see pp. 183-184).
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The terms “toxic” and “carcinogenic” are apparently not
identical from the legal point of view

How is one to define the toxicity of these carcinogenic substances
which, in infinitely small doses, manifest their deadly effect only after
many years have passed? Heated discussions have raged round
“legal” definitions; and the situation has not been made any easier
by the commercial interests involved. What is certain, extraordinary
as it may seem, is that the words “toxic™ and *“carcinogenic” do not
represent one and the same idea. As Hueper (172, p. 560), Chairman
of the “Cancer Prevention Committee” of the “Internmational Union
against Cancer”, writes:

“The toxic properties of a chemical are not necessarily related to its
possible carcinogenic properties. ... This conclusion deserves special
emphasis in view of the fact that 2-naphthylamine, one of the various
constituents of the molecules of several food dyes, possess a remarkably
low toxicity, while being, on the other hand, one of the most carcinogenic
substances known."

In other words, this powerful carcinogenic substance is not toxic;
that is really very disturbing.

Necessary protection against the inereasing number of
carcinogenic chemicals

All these “official” considerations confirm the belief that there must
be no delay in bringing into force regulations which will guarantee
that various substances regarded as NON-toxic and used in foodstuffs
are not highly carcinogenic.

Every effort must be directed towards anti-carcinogenic, protective
medicine; in which case it is necessary to define negative toxicity.

“Negative” toxicity

Many substances when absorbed in large doses put their toxic
action into effect with little delay. This is “positive” toxicity. But if
the diet is deficient in this same substance the long-term result is
physiological distuchances. This is “negative” toxicity.

Copper may be cited here among many other elements. If ab-
sorbed in large doses it has a “positive” toxicity which gives rise to
serious poisoning.(*)

Several chapters above (29, 32, 35) were devoted to the study

(*) It is knewn, for example, that ingestion of excessive amounts of copper leads
to hermelysis and jaundice.
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of physiological disturbamees caused by copper deficiency in the
diet and in the soil. But thete is another kind of “negative” texicity
which becomes clearly apparent in the study of the carcinegenic
action of azo dyes: namely, the lack of one element, whether a vitamin
(see p. 183) or copper (see p. 186), robs the ffvodstuff of its protective
character against a carcinogenic substance.

Two eategories of “negative toxieity”

There are therefore two categories of “negative toxicity” :

(1) The primary toxic effect resulting from the lack of an element
essential to the proper functioning of cell metabolisem.

(2) The secondary toxic effect due to the fact that the lack of a
protective element allows the carcinogenic substance to exercise its
injurious action.

The two effects may, moreaver, be merged in one: malfunctioning
of the cell resulting from the primary effect can diminish the powers
of that cell to resist the effect of the carcinogenic substance.

Legislation for the maintenance 1 foodstuffs of protective,
anti-carcinogenic factors is essential

It was necessary in my opinion to create this idea of ‘“‘negative
toxicity”, a factor too often forgotten and overloaked.

Regulations must be drawn up in the future eliminating from
human food carcinogenic substances with slow, cumulative effect.
But that is not sufficient: legislation is also essential guaranteeing
that foodstuffs have not been deprived of their protective, anti-carcino-
genic effect. Legislation of this nature has in fact been applied in
countries where the addition to white fleur of the protective factor
vitamin Bx (170, p. 135), which has largely been desiroyed in the
course of milling,(*) is obligatory.

It is even necessary to go one step farther. Regulations will also be
required to prevent ill-conceived cultural methods from causing
a deficiency of anti-careinogenic protective factors in foodstuffs, or
creating in these foodstuffs mineral imbalances which will reduce
Man’s capacity for resistance to cancer {see pp. 47-56).

Something must now be said, therefore, about the concept of
biological quality.

(*) See p. 184,



CHAPTER 50
The concept of biological quality

The appearance of a fruit or vegetable is no indieation
of its true quality

Vast propaganda campaigns have been undertaken the world over
with the aim of improving quality of agricultural products. This
generally means that perfection in size and appearance is demanded
from a fruit, but not a thought is given to whether this fruit, so
beautiful to look at, is deficient in one of the essential vitamins or
mineral elements.

Study of quality in agricultural products

At Geisenheim in German a “Fedeeal Centre for Research into
the Quality of Agricultural Products” (Bundesanstalt fir Qualitéts-
fowschung pifanziiizher Frzaugnisse) has recently been set up. If only
similar Institutes and Research Centres could be established in every
country and the quality of an agricultural product judged by stan-
dards other than its perfect external appearance or good measure-
ments! The German Research Centre is under the direction of
Professor Schuphan, some of whose work has already been dealt with,
illustrating the influence of “dead” mineral matter on elements so
fundamental to life itself that they bear the name vitamins (see p. 14).
A further investigation by this great scientist into the quality of fruits
will now be described.

Great variation in the vitamin C content of apples

Schuphan has shown, among other things, that the vitamin C (*)
content of apples can vary within wide limits. He quotes {324a) the
instance of two varieties, “Ontario” and “Geheimrat Oldenburg”,

(*) Vitamin C or ascorbic acid plays an important part in cell oxido-reductions,
in the integrity of vascular walls, in the growth and general resistance of the
ofganism. 1ts deficiency causes sciirvy, characterised by anjemia and multiple
hiemorrhages, especially around the gums,
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which, apart from their size, are identical in appearance and colour.
It is impossible to distinguish between them, and yet their vitamin C
contents differ greatly. In the course of 1260 determinations on
“Ontario” apples an average content of 20:6 mg. vitamin C in 100 g.
dry matter was established. But 2806 analyses of “Geheimrat Olden-
burg” apples gave an average of 3-1 mg. vitamin C per 100 g., that is,
a mere seventh of the “Ontario” content.

Two identical apples do not afford the same protection
against scurvy

The effects of these two varieties of apple in the feeding of guinea-
pigs were compared. No protection against scurvy was provided by a
daily ration of 10 g. “Geheimrat Oldenburg™ apples, while 2 g. of
TOntario” variety was sufficient to give protection. The two varieties
were also compared in the feeding of babies. After three weeks the
group receiving the “Ontario” apples was found to have twice as
much vitamin C in the blood as the children being fed “Geheimrat
Oldenburg™ apples.

Negative toxicity and the anti-scurvy vitamin

This shows how inadequate, and at the same time deceptive, the
idea of “external” quality is. These two varieties of apple were identi-
cal in appearance, and yet one of them had a negative toxicity due to
the fact that its low vitamin C content deprived it of the greater part
of its power to protect against scurvy.(*)

Solil deficiencies receive attention only when they cause
economic losses

Questions of deficiency in agricultural products become subjects
of interest only when they find expression in a commercial loss. As
long as it is only a matter of a lower “biological value” for Man,(*#)
no one is concerned.

Copper deficiency in the soil of certain market-gardening regions

(*) It should be noted that it s not at all certaln that great varlations in vitamin C
content would not be determined for one apple variety grown on two different soils.
It was in fact seen above (see p. 14) that mineral elements influence the vitamin
content of vegetable products.

(**) More atftention Is pald to animals, for with them finaneial losses make
themselves quickly felt.
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has been studied, not because it might be injurious to human health
but because it made the skins of the onions too fragile, and they
were broken in the course of grading and transport. In New York
State, for example (190), onions produced on so-called “muck
soils (*) had very thin skins, which deteriorated badly in the course of
handling, giving rise to serious financial losses for the producers and
trades-people. On studying the question it was found that the cause
was a deficiency of copper (##) in the soil, and the defect was quickly
remedied by the application of a fertiliser containing copper (111).

The conception of quality must be breadened

“ Protective ” medicine of the future will demand that soil de-
ficiencies receive attention, even if they give rise to no commercial
loss but are merely (***) injurious to human health. The idea of
quality must no longer be concerned with external appearance alone,
or financial and commercial repercussions. Quality must mean
“biological quality”, that is, quality for Man, the ultimate end of all
science. Analyses will be of help only if they relate to the animal and
to Man as well as to the soil and to the plant. But [ believe that
for a long time to come, if not always, human instinct will remain the
great judge of the quality of a foodstuff.

Nobility of the animal iastinet in Man

On the basis of chemical analyses of very doubtful value (see p. 25),
dietitians have wished to impose upon Man a certain pre-determined
diet. But Man eats what he likes and enjoys scorning all the rules
and regulations forced upon him. Fortumately, the animal instinct is
not dead within him: he refuses to eat green fruits which would cause
serious intestinal disturbances; he has a marked distaste for bad meat,
fish or eggs that would surely poison him if he ate them. Man’s taste
and smell remain much more certain guides than all the chemical
analyses made. Food which repels may be injurious to one’s health,
but what one likes is very unlikely to cause any harm. A

The words of Oscar Wilde, “I can resist anything except tempta-
tion", constitute a good principle for the science of nutrition.

The best judges of the “biological value” of a food will for long

{*) Seils very rich in decompasing organie matter collected in a damp place.

(**) This does not necessarily mean that the soil was lacking in copper. There
could have been sufficient present, but in a *“non-assimilable’ form.

(***) This restriction does nothing but raise the status of the demand.
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CHAPTER 51

Copper as a proteetive and therapeutic factor
against eancer

“General mobilisation” of copper against cancee

It was seen above that in every patient with a cancerous tumour
there takes place simultaneously:

(1) General mobilisation of copper, bringing about an increase
in the copper content of the blood (see pp. 129-134).

(2) Diminution in the catalase content of the liver (see p. 163)
and of the cancerous cells (see pp. 169-171).

This necessitates the same question being asked as in the case of
infectious diseases (see pp. 125-128).

It is probable that if the patient is deficient in copper (directly
or indirectly) he will not be able to mobilise sufficient quantities of
copper to defend himself against the progression of the tumout.
If one administers copper to an organism impoverished of it to a
greater or lesser degree, will this administration, by speeding up
catalase synthesis, help the organism to defend itself against the
appearance or development of a cancerous turnour?

Copper, an old cancer therapeutie

It is indeed extraordiirany that copper is mentioned so frequently in
studies on the therapeutics of cancer, without it being possible to
understand the true value of these methods. A few such studies will
now be referred to, in chronological order.

Copper and lecithin in the treatment of skin caneeks

In 1912 at Barmen (Germany) Strauss (357) treated epitheliommas
(skin tumours) on the face with a mixture of copper chloride and
lecithin.(*) Previous studies had led to the assumption that choline

(#) Lecithin is a phospholipid with cheline, a nitrogenous base regarded as a
vitamin (p. 181).
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salts (an element contained in the molecule of lecithin) would be
active against cancerous tumours. Strauss thought it would be
interesting to strengthen the action of copper with that of
lecithin.(*) He published photographs of three female faces be-
fore and after treatment, which seemed to prove the effectiveness of
this method.

Injections of colloidal copper inhibit carcinoma in mice

In 1913, at the University of Liverpool (Great Britain), Gelarie
(129) first studied the influence of subcutaneous injections of cupro-
ammoniacal sulphate on Ehrlich carcinoma transplanted in mice.
His results were encouraging, but the local inflammation caused by
this substance made him turn to subcutameous, and then intravenous,
injections of colloidal copper,(**) as a result of which the tumour
softened and began to degenerate markedly. Gelarie concluded that
the favourable results he had obtained with transplanted carcinoma
made it hopeful that analogous results would be obtained with
spontameous, normal carcinoma.

At the same time Loeb had got satisfactory results by treating
adenocarcinoma in mice with intravenous injections of colloidal
copper. In every case, except two, he produced inhibition of the
growth of the adenocarcinoma so long as the injection was given
daily.

Healthy tissues round the tumour are “vitalised” by copper
injections

Moullin (259), in 1918, pointed out the favourable influence of
colloidal copper on a woman suffering from carcinoma of the breast
and a nodule (probably cancerous) on the liver.

In 1930 Nabias (261) communicated to the “French Cancer
Association” results which he had obtained with colloidal copper in

(%) It was seen above (p. 181) that phospholipids sueh as lecithin play an
important part in the coupling of respiration and energy, and that any damage to this
coupling could aid the appearance of cancerous cells. Strauss’ experiment would
seem to indicate that external application of phospholipids helps to maintain
(perhaps re-establish) the normal mechanisms for the transmission of respiratory
energy in places where they are partly damaged and are tending to continue to
deteriorate.

(**) Colloidal—in the colloidal state, that is to say, in a very advanced state of
subdivision of matter, the latter being in a sub-rricroscopic state.



Fig. 12. Control rat (on left) and rat (on right) having received daily
doses of copper sulphate prior to inoculation of Flexner-Jobling
carcinoma.

From Sugiura and Benedict (363).
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Fig. 13. Daily administeation of copper sulphate increases the resist-
ance of rats to inoculation of Flexner—Jobling carcinoma.

(N.B. The black spots indicate the relative size of the carcinoma.)

Frorn Sugiura and Benedict (363).
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the form of electro-cuprol in intramuscular injections. In some cases
he used it in association with X-rays.(*)
He describes the effects he observed as follows:

“When one follows patients day by day theough a course of electro-
cuprol treatment, what one sees is very rapid mobilisation of the necrotic
area (**) and its expulsion almost en masse. A very clear separation takes
place between the necrotic and healthy zones: the necrotic zone is elimi-
nated, the healthy takes on the appearance of a normmal wound in process of
cicatrisation. In the days that follow, final cicatrisation is effected.

“One is therefore forced to the conclusion that, under the influence of
copper injections, true vitalisation of the healthy tissue takes place, the result
of which is a considerable amount of repair activity,”

Prior administration of copper protects rats against an
inoculated carcinoma

In 1922, at the Memorial Hospital in New York, Sugiura and
Benedict (363) studied the influence of thirty-two different mineral
salts, administered orally, on the development of Flexner-Jobling
carcinoma inoculated into rats. Buccal administration of the salts
preceded inoculation for seven to fourteen days, so that, in the words
of the experimenters theemselwes, “‘the salts might be able to exercise
their full physiological effect both before and after the inoculation
of the tissues with the tumour.” But, of all the many salts tried, only
coppER showed itself to be effective.

The graph contained in Fig. 12 (facing p. 196} shows the effect of
absorbing 22-5 mg. copper sulphate. The circles or black dots are
propottional to the development of the carcinoma. Sulphate of copper
can be seen to have completely arrested or considerably reduced the
development of the tunnour.

Fig. 13 (facing p. 196) shows the development of the inoculated
carcinoma in a control rat (on the left) and in a rat that has received
22-5 mg. copper sulphate, administered orally, each day for fourteen
days prior to the inoculation (on the right). In the latter the car-
cinoma has hardly developed at all, but the animal’s growth has been
retarded.

(*) The richer tissues are in catalase the better they resist X-rays (see p. 169):
and copper is one of the elements essential to catalase synthesis. One may wonder,
therefore, whether these injections of copper did not “vitalise” the tissues round
the tumour by inereasing their supply of catalase, thus allowing them to resist the
X-rays perfectly while the cancerous cells were destroyed.

(**) Area of dead cells.
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Catalase, barometer of the regression of a tumour

In all these experiments concerning the therapeutic or protective
effects of copper it would obviously have been interesting to know the
evolution of the liver catalase, that barometer of regression of
cancerous tumours. Unfortunately this was never determined.

It would have been equally interesting, perhaps, to study tite com-
bined action of copper and other substances with protective or thera-
peutic effects, such as the phospholipids, catalase, magnesium salts,
iron salts, sulphydryl compounds, ete.



CHAPTER 52

Copper metabolism disorder is one of the
causes of cancer

Copper and metabolic disorders in the cancerous cell

WarBURg's theory of the breakdown of the respiratory mechanisms of
the cell as a cause of cancer has been dealt with briefly (see pp. 167-
168). In addition, some of the influences exerted by copper deficiency
on certain cell respiratory mechanisms were examined (see pp. 178-
182).

The result of these studies was the appearance of a very disturbing
parallelism between disorders in the metabolism of the cancerous
cell (or in the patient with a cancerous tumour}, on the one hand, and
phenomena caused by a disorder in copper metabolism, on the
other.

Relationship between copper and cancer

It seems expedient to review here the various observations made in
preceding chapters concerning the relationship between copper and
cancer.

(1) (&) Copper is necessary for the synthesis of catalase, the cell’s
weapon of defence against cancer (see pp. 111, 114).

(&) Every cancerous tumour, whatever its nature, is accompanied
by a prefound disorder of copper metabolism, a disorder expressed
in the mobilisation of copper in the blood, whose content of this
metal can be more than trebled (see p. 129), in order to speed up
the synthesis of catalase, a weapon of defence against cancer (see
pp. 169-172).

(2) (a) Copper deficiency reduces the catalase content of the
liver (see p. 113).

(b) Evewemnufieftarérdimm @coamars tsmons Urahdestesn wimsiadn in
his liver (see pp. 163, 164).

(3) (a) Copper deficiency upsets the cytochrome system (see
p. 181).
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(6) The cytochrome system in the cancerous cell is upset (see
pp. 180, 181).

(4) (a) Copper deficiency thraws out of gear the mechanism of
heme synthesis (see pp. 111-113, 115, 116, 125-127).

(® The mechanism of heme synthesis is out of order in the
cancer patient (see pp. 164166, 168).

(5) (&) Copper deficiency upsets the metabolism of the sulphy-
dryl groups (see pp. 29, 30, 181).

(b) Metabolism of the sulphydryl groups is upset in the patient
with tumour; and some substances that cause cancer disturbk sul-
phydryl metabolism in the affected cells (see p. 182).

(6) (g) Copper deficiency disturbs metabolism of the phos-
pholipids (see p. 181).

(6) The phosphelipids are elements fundamental to the coupling
of respiration and energy. Uncoupling of these forces the cell to
adopt the cancerous “way of life” to survive (see pp. 167, 181).

(7) Addition of copper to a ration containing an azo dye
diminishes the carcinogenic effect of the latter (see pp. 186, 187).

(8) Copper has often given quite satisfactory results as a pro-
tective or therapeutic method against cancer (see pp. 195-198).

Copper metabolism disorder upsets the respiratory
mechanisms of the cell

The striking parallelism between these phenomena suggests the
following hypothesis: Copper metabolism disorder is one of the
causes of breakdown in the respiratory mechanisms of the cell, which,
if it is to survive, will be compelled to adopt the cancerous “way of
life”. Copper metabolism, it is known, can be disturbed by a
deficiency (direct or indirect) of copper in the diet or in the soil.

One phenomenon is the cause of the other

The objection might well be raised that the parallel phenomena
grouped together above are the outcome of one and the same cause:
the one is not the result of the other. In my opinion the final argu-
ment proving that this parallelism is indeed based on a phenomenon
of cause and efffect is, as will be seen later (pp. 226, 234), the fact that
cancer is more frequent on seils subject to copper deficiencies.
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Cancer is set in motion by the combined action of several
causes

Naturally, it must not be supposed that cancer is started by this
one, single cause. The important part played by such other mineral
elements, as magnesium and zinc, has already been referred to.

A host of causes, both internal and external, contribute towards
upsetting the normal respiratory mechanism of the cell and then to
the setting up of a new system of respiration (this, moreover, appar-
ently entails two quite separate stages). Nevertheless, it is considered
that a disorder in the metabolism of copper assumes afundiamental role in
£aneer.

Disorders of copper metabolism in Man have been very
little studied

As has so often been repeated, one of the causes of disturbed copper
metabolism, whether in animals or Man, is the diet. A contributory
factor in the creation of such a diet is the soil, whether because it is
simply low in assimilable copper or because it contains excessive
amounts of some of copper’s antagonists, molybdenum, zinc, etc.
Various factors in the diet can give rise to a metabolic disturbance of
this nature: it will be seen later (p. 253) that an impurity, urochrome,
contained in what is suppesedly drinking-water, and probably in the
milk from certain cows, can inhibit within the organism an enzyme
with copper.

Up till now people have been content to say that there is no de-
ficiency of copper in Man,(¥#) and so there is no reason to bother about
it. The result is that we are still unaware today of all the copper
metabelic disorders that affect Man, although it is twenty years since
Heilmeyer and his colleagues proved that not one infectious disease
or cancerous state exists that is not accompanied by a change in
the copper metabelism of the organism affected.

Here is a vast subject for research, the results of which would cer-
tainly throw a great deal of light not only on cancer but also on specific
and wowsgpecific defence mechanisms against microbial attacks.

(*) This statement is all the more rash, as no copper “balance” could ever be
established.



CHAPTER 53

Vitamin A deficiency is one of the causes of
goitre

Despite the therapy of iodine salts goitre remains a scourge
of mankind

In articles, and even in books, on the possible influence of the soil
(and the water that springs from it) on Man, it is generally stated that
the only known example of such an influence is that exerted by iodine
on the thyroid.

Following the discovery of iodine by Courtoisin 1812, Coindet (72),
in France, as far back as 1820, tested iodine salts empirically as a
treatment for goitre. Almost one hundred and forty years have
passed since this first attempt, and in that time the treatment has been
a definite success in some regions, but not without some serious
consequences, such as, for example, Basedow’s disease.(¥)

In many regions of the globe, however, goitre continues to be a
scourge. For evidence of this one need only consult Fig. 16 (p. 257):
one sees the importance of goitre in Holland, a country situated
near to the sea and where there is no lack of iodine.

Goltre represents a general disturbance of the endocrine
system

Due to the close relationship existing between all internal secretory
glands, disturbance of the thyroid represents a disequilibrium, of a
greater or lesser extent, of the organism. Haubold (149, p. 71) reminds
his teaders that of patients suffering from goitre, 79 per cent are
suffering simultaneously from disturbance of the pituitary, 68 per cent
the adrenal glands, 60 per cent the hypothalamus and 52 per cent
from liver conditions. Appearance of goitre is therefore the visible
and striking expression of a general disturbance within the organism.

(*) Hyperthyroidism: it sometimes occurs in goitre patients following treatment
with iodine salts or for other reasons,

202



Vitamin A defieiency is one of the causes of goitre 203

Any disturbance in iodine metabolism causes goitre

The popular idea that lack of iodine in the diet (and in the water) is
the one and only cause of goitre must be abandoned. The question
must be viewed in a more general liglht: goitre is a reaction on the part
of the thyroid to a disturbance in the metabolism of iodire. One of the
causes may be a lack of iodine in the food or in the water, but the
organism can receive adequate quantities of iodine and, for a multi-
tude of reasons, be incapable of utilising this supply normally. It was
seen earlier, for example (p. 80}, that, of two varieties of white clover,
the one that gives rise to goitre in animals is by far the richer in
iodine; but that variety also possesses a goitrogenic factor which
prevents the thyroid from using the iodine normally.

The main (but perhaps not the sole) function of the thyroid is to
manufacture thyroid hormone, the two principal raw materials for
which are iodine and the amino-acid known as tyrosine. Scarcity of
these raw materials, but also any breakdown in this mechanism of
synthesis, brings about a defence reaction on the part of the thyroid
which enlarges: this is goitre. Its forms are many and often as differ-
ent as tuberculosis or pleurisy in the lungs.

In this chapter the influence of vitamin A deficiency on the dis-
tuchance of thyroid metabolism will be examined. First of all, how-
ever, a few words are necessary regarding the reciprocal action of
vitamin A and the thyroid hormone.

Reciprocal actions of vitamin A and thyroxine

The fact that the thyroid influences the metabolism of vitamin A
and carotene (provitamin A) hardly seems to be disputed today.
This was the conclusion arrived at in 1957 (254, p. 531) by one of the
greatest specialists in the subject in his monumental volume on vita-
min A. In all his inmense work, however, he has devoted only a
few lines (254, p. 527) to the question of the influence of vitamin A
on the functioning of the thyroid, although he assumes (with many
others) that vitamin A can inhibit the action exercised by thyrox-
ine (%) on the basal metabolisrm.

But if vitamin A exerts an influence over thyrexine it must be
assumed that any insufficiency or excess of the former will modify the
actions of the latter. The result will be a disequilibrium in the whole

(*) Thytoxine is the iodine substance extracted from the thyroid gland. It has
the physiological properties of thyroid extract and seems to be the essential element
in the thyroid hormone.
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endocrine system,(*) if only by means of modification of the func-
tioning of the pituitary, which will then secrete more or less thyro-
tropin. (*¥)

The thyroid with goltre is very low in vitamin A

All the many studies and investigations of the effect of vitamin A
deficiency on goitre cannot be dealt with here.

As far back as 1935 Stiner (350), studying in Switzerland the in-
fluence of vitamin deficiencies on dental caries in guinea-pigs, estab-
lished that lack of vitamins regularly brought about the appearance
of diffuse parenchymatous goitres.(*#*) In 1940 Wagner (391) ob-
served that a thyroid gland affected by goitre has a very low content
of vitamin A, being but one-tenth of the normal. Adenoma nodules
are entirely lacking in vitamin A.

The possible consequences of this vitamin A impoverishment for
the tissues of the thyroid will now be examined.

Vitamin A deficiency would cause lesions of the thyroid
epithelium

Vitamin A deficiency is known to cause defects in the cornea and in
various epithelia, whether of the respiratory tracts, intestine, urinary
organs, skin, etc.

The structural unit of the thyroid is represented by the fol-
licle.(*#%%) It is a cavity, round or oval in shape, bordered by an epi-
thelium comprising one single row of cells. Since the first observa-
tions made by Mitzkewitsch (247) in 1934, numerous research
workers (77, 211) have confirmed that a deficiency of vitamin A
causes flattening of the cells of the epithelium accompanied by
degeneration of the thyroid and swelling of the follicles.

(*) The whole group of internal secretory glands. Fer this disequilibrium see
pp. 107-110,

(**) A thyroid-stimulating hormone secreted by the anterior lobe of the pituitary.
This secretion is a function of the quantities of thyroxine present in the blood (see
p. 108).

(***) Goitre with inflammations of the epithelium of the thyroid follicles. The
word '“diffuse” indicates that the hypertrophy affects the two lobes and the isthmus
more ot less homogeneously.

(****) Also called acinus or glandular vesicle.
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Synthesis of thyroid hormone is sald to take place in the
epithelium of the follicles

The Swiss worker Richard (297, 298) has put forward the hypo-
thesis that synthesis of thyroid hormone takes place, at least partly, in
the epithelial cells of the follicles. It is conceivable, therefore, that
vitamin A deficiency, due to the fact that it causes degeneration of
these cells, will disturb to a more or less marked degree synthesis of
the thyroid hormone.

The anterior pituitary may also be affected by a scareity of
vitamin A

It may likewise be assumed, as Haubold has done (150, p. 202),
that vitamin A deficiency also acts indirectly on the thyroid because it
disturbs the functioning of the anterior pituitary and in consequence
the secretion of thyrotropin, which regulates the activity of the
thyroid.

At the Faculty of Science in Toulouse (France) and in the Museum
of Natural History in Paris, Serfaty and Olivereau (273, 331), in 1955,
studied the influence of vitamin A deficiency on the pituitary in the
male white rat, and found that while the deficiency slowed down
thyroid activity, it gave rise at the same time to important histological
changes in the pituitary.(*) It would appear, therefore, that vitamin
A deficiency has a marked influence on the pituitary, whether direct
or indirect.

Two diseases simultaneously in a French Royal Regiment

Today it is a well-known fact that lack of vitamin A causes hemera-
lopia, or night-blindness: that is, considerable impairment of sight
when light diminishes. Work done by a French Army doctor almost
two hundred years ago is the first revelation of the connection between
goitre and hemeralopia.

A regiment of the Royal Guards was transferred in 1783 from
Normandy to Lorraine, where the troops were stationed in the St.
Catherine Barracks in Nancy (337). Between 1784 and 1789 a large
number of men were affected by hemeralopia, but an Army doctor,
Valentin, noticed that those affected also suffered from goitre. He
concluded, therefore, that the two phenomena were closely linked,

(*) In particular, they noted a progressive diminution in the beta-cyanophilic
eells, which appear to be the producers of thyrotropin, which stimulates thyroid
activity,
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and entitled his thesis on the subject (379) “Dissertation on Goite:
and Hemeralopia™. Im this work he stresses a particularly intetesting
fact. The civilians who used the same drimking-water as the soldiers
were never affected by goitre, indicating that it was not the water
that was responsible, or at least, that it alone could not cause goitre.

Deficiency of vitamiin A causes goitre and night blindness

Dr. Rhein (296) of Strasbourg, in drawing attention to this com-
ment of Valentine's, observes that it was quite probably not a rere
coincidence and that the same cause, namely a deficiency of vitamin
A, was almost certainly responsible for setting the two phenomena
in motion. He does not exclude the possibility that vitamin A could
have been the direct cause of the hemeralopia, but simply “sensitising"’
the thyroid to some other goitrogenic factor.

This question will be considered again in dealing with the uro-
chrome (colouring matter of urine) contained in water (see p. 251).

Having examined briefly the various influences which vitamin A
deficiency may exert on goitre, the reader is now in a better position
to understand how grass quality can directly, and in striking manner,
influence human health.
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Widespread goitve in Europe after World
War IT

All regions and social classes affected by goitre

I'w the years of privation and shortages which followed World War II,
a serious wave of goitre inundated Germany and Austria. It de-
veloped not only in the classical, endemic goitre regions but also in
many areas where it had never been seen before. In Saxony, for
example, where the disease was practically unknown, three-quarters
of the native and four-fifths of the refugee child population were
affected. In regions of Southern Germany where goitre was endemic
without being highly developed, nodular goitre (knotige Strwwva)
assumed formidable proportions. In Allgau, Upper Bavaria and the
Austrian Alps, hyperthyroidism developed although the endemic
form in these regions was hypothyroidism.(*) This means then that
in regions where goitre was endemic, not only was there a considerable
increase in the number of cases, but there was also a shift in the type
of goitre.

It should be noted that the children of American Army personnel
were not affected.

No question of iodine deficiency in the diet

It was immediately evident that it was not a case of lack of iodine,
for 40 per cent of the schoolchildren in Litheck, for example, a town
standing by the sea, were affected. Iodine therapy, apart from ex-
ceptional cases, was of little avail.

As was stressed in the preceding chapter, abundance of iodine in the
food (and water) does not guarantee normal iodine metabolism in the
thyroid.

(*) Hyperthyroidism is characterised by Inereased thyroid secretions: it also has

some of the symptoms of Basedow’s disease. Hypothyriidism is an Insufficiency of
thyroid secretimm: vague forms of myvxatdema are sometimes observed, (See footnote

A% ;:
P é%it%e can be due equally well to either form of irregular thyroid activity.
P 207
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It was a qualitative deficiency, not an insufficiency of food

Thete was a teadency first of all to think that this goitre wave was
due to insufficient foed, that is, to a quantitative deficiency. But this
hypothesis had to be abandoned when it was found that the peasant
populations affected by goitre in Bavatia or Wictemberg were subject
to hardly any food rationing at all.

The search therefore began for a gqualitative deficiency in the
nation’s diet. Tthis was conducted by Professor Haubold (150).

Milk and white flour, basic foodstuffs of the Bavarian
peasant population

Enquiry confirmed a well-known fact: there is relatively little
variation in the diet of peasants in the mountain regions. The
Bavarian peasants used mainly the milk and butter produced on their
own farms; this they consumed with bread or in combination with
flour in the form of various cakes and biscuits (MHL#k-MEMAgeisen).
The flour in the bread and cakes, especially from 1939 onwards, was
almost exclusively white flour. Haubold writes (150, p. 120):

“With the introduction of white flour and new processes for its manu-
facture, a deficiency of mineral and trace elements,(*) as well as of vitamins
of the B group and of vitamin E (tocophetol), made its appearance in the
diet. These very important elements are present mainly in the germ of
cereals which is eliminated in white flour.”

Study of the deficiencies produced by a diet of this nature was
concentrated on vitamin A. Some of the most interesting aspects of
this work will now be described.

Hemeralopia aceompanied goitre in this post-war wave

It was in Miinich that Haubold (150, p. 3) first observed that, of
377 adults affiected by goitre in the course of this “wave”, 75 per cent
were also affected by hemeralopia. Twenty-two per cent of these
were found to be completely blind at night, even in the moonlight.

During his vast research on cancer in France Haubold (148) came
upon Simonin”s book (337) in the National Library in Paris, where
Vallemtims thesis is mentioned. The German sciemtist compared
Vallemtin"s observations with his own statistics, and then tried to
determine the cauwses of a vitamin A deficiency among the Bawarian
peasant population.

(*) See Table 22 (p. 209).
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Butter, fresh or melted, the main sotirce of vitamin A for
certain Bavarian peasant peoples

The main, if not the only, source of vitamin A in the Bavarian
peasant diet was their milk and butter. In winter they eat the butter
melted, a procedure which has the merit of almost completely pre-
serving the vitamin A contained in fresh butter made during the
grazing season. Haubold was able to show (Table 32, below) that
the fieguency of goitre in the various cantons was clearly a flinztion of
the vitamin A content of the butter.

TaBrLe 32
The lower the vitamin Al content of the butter, the higher the

fheguency of goitre

Canton or village in 1

Percentage of children
affected by goitre during

Mean vitamin A content
of butter from several

the Bavarian Alps ) the winter of 1948 farms
Sdckering 85 486
Woessobrinn 79 489
Riegsee 32 618
Aidling 13 1015

W.®. Vitamin A contents are given in microgrammes per 100 g. butter.
Frora Haubeld (150, p. 152).

Lack of mineral fertilisers, by reducing the carotene in the
grass, aids the development of goitre

The vitamin A content of milk fat is known to be a function of the
carotene (*) content of grass. Attempts were made, therefore, to find
out what factors had lowered that carotene content. Haubold’s
figures have been seen earlier in Table 7 (p. 15). They show that lack
of mineral fertilisers had contributed greatly to the reduction of
carotene in the grass.

Restriction of butter consurmption even among rural
populations

To this gualitative impoverishment of milk and butter as regards
vitamin A was added a quantitative restriction in their consumption.

(*) Or provitamin A, from which vitamin A is formed.
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Requisition of, and the ready market for these products at wemy
favouralble prites caused the mountzin peasants to teduce to a mint-
s their own consumption of fresh butter im susmmer or mmelted
butter in winter.

Thus there came into being the vitamin A deficiency which
brought about the development of goitre in these mountzin regions.



CHAPTER 55

“On the influence of humidity on mental
capacity™

Goitre is twice as frequent In one village as in another near by

In the course of his investigation of goitre in Upper Bavaria, Haubold
(150) noted very curious differences in the frequency of the disease
between two neighbouring villages, Aidling and Riegsee, which are
barely one mile apart. During the winter of 1948, 32 per cent goitre
was observed in Riegsee, compared with 13 per cent in Aidling.
Table 32 (p. 209) lists these different percentages and also shows that
the Aidling butter contained 65 per cent more vitamin A than that of
Riegsee.(*)

The question arising, therefore, was what was the source of this
difference in vitamin A content between the two butters; a difference
that probably determined the two-and-a-half times higher percentage
in Riegsee than in Aidling.

Two neighbouring villages with very different clirnatic
conditions

Let us examine the relative topographical situation of these two
villages. The village of Riegsee lies at the ffvot of a kill, alongside a
Iake that bears its name. The area is often shrouded in mist, and the
cold air coming down from the hill creates a relatively cold micro-
climate. Aidling lies above Riegsee, on the hillside and faging towards
the south. Fog is rare, sunny days are much more frequent and the
teraperature at soil level is higher. It is estimated that, in any one
year, Aidling has three to six weeks more sunshine than Riegsee.

Herbage analyses carried out in the two villages showed (150, p.

(*) It is not impossible that the drinking-water at Riegsee may have contained
more urocheome (see p. 252) than that at Aldling. Water running down a slope
inereases the risk of pollution to some extent. But Haubold’s observations still
stand: it must simply be assumed that urochrome acilon could have been additional
to the effect of vitamin A deficiency.

211
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184) e Milling grass to contaiin att kast G0 er cent mane caveitne: tham
hhaat et Héermeee.

Alifr hitsits and goiitie devellpmenit
The: following sequence of pherenenz this emenges:
(1) Miiist from the lake has reduced the: period of sunshine om tie

GRS,

(2) Reduction of sumshime (combined with lower tempetaimie)
has decreased the caroteme content of the .

(3) The lower carotene content of the grass has allowed the: cows
grazing it (or consuming the hay made therefiom) to produce only
milk poor in vitamin A.

(4) Butter low in vitarnin A has caused a higher percentage of
goitre among the inhabitamts.

Meteorological conditions and the goiltre “wave”

Mention was made above of Valentin’s work on goitre in a Royal
Regiment between 1784 and 1789. It is worth noting that in 1851
Simonin (337, pp. 264, 411), studying the memoirs of the French
Army doctor, consulted the Journal Mittawelbgique published by
Abbé Vaultrin and confirmed that the 1784—89 period in that region
had been characterised by very inclement weather and relatively low
temperatures. Without being able to explain the reason, Simonin
assumed that this prolonged bad weather would have aided the
development of goitre.

These observations, inexplicable one hundred years ago, obviously
strike one as being particularly worthy of attention in view of Hau-
bold’s work at Aidling and Riegsee. The publications of an
eigieendh-century French doctor on the subject of goitre show the
problem iin a Kight that is at least equally as interesting.

Wihoen @ great Frieench dioctor was riidiicaled

The French doctior Frangois Emmanuel Fodéré iis known chiefly as
the fiounder of fforensic medicine, the sulbject e taugiht @ Strasbowrg
University, He was the auhor off many works, and it its strange that
mstt diictiionaries amd istories of medicine make mo mention of the
three thooks e published on geittre in 1730, 1792 and 1800. The rea-
som may the the apparently fiivolows nature of the title off one off them,
Ihiks lbast wworlk publidhed im [BED ((210): “Treatise o Geoitre and



““n tine inyfuaenae o Aumiditty on merttell capatiy” .
Cretiimizm™,, witth the added sub-title “Influence aff Humid Aiir on
Mentzl Capacitsy”..

This title appeers famtastic im the extreme and more swited to the
waork off 2 quack than to that off 2 doctor. 1t was greeted, naturally,
witlh jeers amd giibes and the keampooners remarked sarcasticallly that,
on the average, there are no more idiots among the inhabitants of
London than among those of Rome.

The liot of this scholar, mocked and ridiculed by the High Priests of
Science, was only that of so many precursors: the path of pioneers
off progress is strewn with thorns and tears. Nevertheless, it was
Fodéré who was right.

Guitre is relatively more frequent in the foggiest part of
region

What Fodéré wanted to show, and did in fact demonstrate by his
observations, was that goitre (and therefore cretinism) is relatively
more frequent:

(1) On damp northern slopes than on southern slopes of the same
hill er mountain.
(2) In deep, narrow valleys suffering from frequent fog than in
wide valleys where the sun can penetrate.
_(3) In misty areas along the side of lakes and by the mouths of
FIvers.

One hundred and fifty years later Fodéré’s observations
are confirmed

Haubold's work on Riegsee has largely confirmed the tdeas of
Fodiére, expressed at a time when nothing whatever was known about
carotene or vitamin A. [ncdeed, it was the Gemram scientist who diew
attentiom to Fodére’s work andl to the value of his observations: proof
of the necessity to umite the efforts of scientists in all countries in the
struggle against goitre. And as evidence of the gravity of this disesse
in certaim regions, [ would like to recount a personall experienae.

Curse of God ar of Mam ?

I tfie: counse of my enquinizs imo geiine: amd cancer [ foumd myselif
att Riegeee with Phaffssor feutiall. Ore of tie emiment locz] nesi-
diemits e heem kimd emough to pott his books, documentts amad stetis-
s at @ur difypassd], amd] we wene im tifs house. Whitem ([ el fimitshesd
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noting down all the figures necessary for my punpses he had a botille
of Rhine wine brought in for us. As I drank the health of my host I
noticed, above his head, a farily photograph in which every person
without exception was suffering from goitte. Seeing what [ was
looking at, the distinguished Bavarian said: “You see it. What a
curse of God!”

A curse it most certainly is, but a curse of men who have upset
conditions of their existence and close their eyes to the consequemnces,
failing to initiate the remedy.



CHAPTER 56

Goitre and cancer of organs other than the
thyroid

N.B. This chapter may be omitted by the non-speeialist
reader.

Influence of goitre on the frequency of cancer in organs
other than the thyroid

One of the most obscure and controversial questions among the
thousands of obscure questions concerning cancer is that of the
influence that goitre can exert on the frequency of cancerous turmours
in organs other than the thyroid.

Tumours of the thyroid itself are not involved. In that particular
case, as Dr. Boulanger (48), of the Cancer Institute in Lille (France),
recalls, it appears as if at least one form of goitre, the nodular,
favours the development of thyroid cancer. This is a fact apparently
little disputed in general.

Goitre can be caused by completely different disorders of
thyroid metabolism

Unfortunately, in speaking of goitre, one is not referring to a
single, well-defined disease. For example, goitre can exist in each of
the three following instances:

(1) Hpgethyroidis: insufficient functioning of the thyroid.
(2) Ewthyrondisam; normal functioning of the thyroid.
(3) KHyperthyroidism: excessive functioning of the thyroid.

Within these three categories the variants can be numerous. It is
enough to mention the two main forms of hyperthyroidism:

Basedow's disease or diffuse toxic goitre;
toxic nodular goitre.
215
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In 1957 Wolff, one of the greatest specialists in the thyroid, could not
but acknowledge: “The gstimlogy {*) of either for#t of hyperthyroidism
remains a mysTery” (412, p. 522).

In addition the thyroid is intimately connected with the other
internal secretory glands, especially the pituitary (see p. 10B). It is
very often quite difficult to know whether the thyroid reaction ex-
pressed in enlargement (hyperplasia) is due to a primary action on the
thyroid, or is only a secordary reaction resulting from a disorder of
the pituitary (or another endocrine gland). Haubold’s statistics show-
ing the frequency of other disorders of the endocrine system in
persons suffering from goitre have already been referred to (p. 202).

Muiltiple causes of disorders in thyroid functioning

To turn to the causes of goitre, only a few of the many, that have
been mentioned in this work: can it be said that disturbance of thy-
roid metabolism is identical when it is due to one of the following?

(1) Iodine deficiency in food and watet.

(2) Obstruction by urochrome of the oxidation of iodide to
iodine (see p. 253).

(3) Action of the anti-thyroid factor contained in certain cab-
bages (see p. 81).

(4) Deficiency of vitamin A (see pp. 202-206).

As far as the consequences are concerned it is known that:

the first cause (lack of iodine) gives rise to goitre with hype-
thyroidism;

the second cause (vitamin A deficiency) gives rise to goitre with
lijperthytoidism.

It is quite evident that so long as goitre is spoken of without the
exact nature of the disorder of thyroid metabolism being deteremined,
all the statistics on the relationship between goitre and tumours of
other organs will be subject to error and can hardly provide reliable
information.

A few of these contradictory theories or observations will now be
examined briefly.

(*) Etiology == the study of tiwe causation of diseases.
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The myxedema sufferer would not be attacked by cancer

Im 1909 an Emglish surgeon Stuart-Low (359) stated that he had
never seen cancer in a patient suffering from myxcedema,(*) a disease
due to Ajputiyroidism. He reported, on the other hand, having
observed in autopsies carried out on cancer patients that the thyroid
was abnormal in size: indicative, in his opinion, of abnormally in-
creased secretion of thyroxine, which would aid the development of
the turmours observed. The theory was therefore launched that a re-
duced rate of thyroid activity tended to oppose the development of
cancerous tummours, while increased production of thyroid hormone
favoured the development of such turmours in various organs.

Contradictory observations made fifty years ago

Tihese observations made by Stuart-Low fifty years ago led to a
mass of experiments, the results of which were most often contra-
dictory, some tending to confirm the English surgeon’s twe hypo-
theses, while others showed exactly the opposite. This is not sur-
prising, for types of cancer are infinitely more varied even than types
of goitre. Only two examples of these contradictory results will be
quoted here, concerning the effect of thyroxine on the development
of cancer in other organs.

Nen-toxie adenoma of the thyroid is almest always
accormpanied by cancer of another ofgan

For three types of hyperthyroidism Desaive (92), at the Cancer
Institute in Liége (Belgium), found the following percentages of
patients with cancers other than of the thyroid:

Pereentage of

| cancerous patlents

Basedow’s disease (hyperthyroidism) ! 1
Thytoiditis (**) 20
Nor-toxic adenoma (***) of the thyroid 70
Toxic adenoma (***) of the thyroid 13
Carcinoma of the thyroid 3

(*) Myxoodema is a disease characterised by swelling, particularly of the face
and hands, due to a mueous infiltration of the teguments, It is the result of
diminished production of thyreid hormone.

l(';) Generic term including all the many forms of inflammation of the thyroid
gland.

(***) Adenoma = a tumour which in its growth more or less closely reduplicates
glandular acini, tubules or both.
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It seems clear,(*) therefore, that, in the cases examined, hyper-
thyroidism appears to create conditions favourable to the develop-
ment of cancer in other organs. This action would seem to reach its
most extreme with montoxic adenoma. But when this adenoma grows
and becomes toxic or cancerous, quite obvious destruction of the
thyroid cells probably takes place. The result is a diminution in the
degree of hyperthyroidism and, at the same time, a reduced per-
centage of cancers in other organs.

Thyroxine reduces the frequency of relapses after the removal
of breast cancer

Loeser (213) has defended the view that, in the case of breast
cancer, thyroxine would appear to reduce the frequency of relapses
following surgical removal of the tumour. It would also appear that
patients suffering from a cancer of the breast have a more slowly
functioning thyroid (101). It is teue, in the latter observation, that
there was generally metastasis (**) (general cancer in other parts of
the body). Be that as it may, Loeser (213) has defended the following
point of view: thyroxine plays an important part in the defence of the
normal cell by increasing the metabolic destruction of the carcino-
genic substance.

The soil, through the thyroid, influences canceg

Many other results, just as contradictory, could be reported on this
relationship between the thyroid and cancer. But if all the experi-
menters and research workers are not agreed on the nature of the
relationship, they are unanimous in acknowledging its existence.
No one would dispute the fact that the thyroid exerts a definite
influence on the appearance and development of cancer in other
organs.

Another point on which all are agreed is that the functioning of the
thyroid is controlled, through food and drinking-water, by the nature
of the soil. It must be concluded, therefore, that, even if only thtough

(*) These are the author’s own conclusions. These reached by the Belgian
professor are different.

(**) Note that metastasis has often obscured experimental results concerning the
relationship between the thyroid and cancar: the cancer of the breast could have
been started up by increased thyroid activity. Consequently a metastasis of this
cancer, by destroying the pituitary and thyroid tissues, produces, 25 a secondary
plkemomenon, a reduction in the rate of thyroid activity.
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the thyroid gland, the soil exerts an influence on the development of
cancer in the various organs. This will be confirmed when the influ-
ence of the soil on the development of cancer in human beings in two
countries is examined later (see pp. 223 and 231). But before that,
thamks to the relationship between thytoid and cancer, a picture of
homeeopathy in reverse can be studiied.



CHAPTER 57

What protects against cancer does not
necessarily cure it

N.B. This chapter rmay be omitted by the non-specialist
reader.

The effective protective method Is not necessarily a good
therapeutic method for cancer

Anovner factor that has obscured results concerning the correlation
between thyroid activity and cancer frequency is a phenomenon fre-
quently observed in the experimental study of cancerous tumours. A
method affording effective protection against cancer can give only
absolutely negative results as a cancer therapeutic. There may even
be a contrary effect: &protective method may favour the development
of the cancerous tumour a¥Fter it has made an appearance.

Riboflavin pretects against cancer, but favours the development
of the turmeur afrer it has appeared

As mentioned above (p. 183), wheat grains offer protection against
the carcinogenic effect of butter yellow, an effect which is also exer-
cised by baker’s yeast (245, 364). It was found that one of the pro-
tective elements contained in both yeast and wheat grains was
riboflavin or vitamin B, the addition of which to the ration afforded
very obvious protection against the carcinogenic action of butter
yellow (187, 188).

The idea was immediately conceived of using this vitamin as a
therapeutic agent; but not only did riboHavin not cause the tumour
to retrogress, in many cases it favoured the latter’s development (258,
382). This experiment illustrates the fundamental fact that a ration
which protects against the action of a carcinogenic substance is not
necessarily capable in consequence of destroying, or even retarding,
the tumour once it has been set in motion by that substance.

The same phenomenon is encountered in the case of thyroxine.

220
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Thyroxine protects agaiast dibenzanthracene but does not
cure the turmour caused by it

If a carcinogenic substance such as dibenzanthtacene is injected
into a mouse, tumour formation follows. Bather (29) noted that if
thytoxine was injected at the same time, the formation of the turnour
was retarded and might even not take place at all.(*) On the other
hand, if the thyroxine was injected after the tummour caused by the
dibenzanthracene had established, its influence on the evolution of
that tumour was more or less non-existent.

This specific observation was to be confirmed more generally,
although the effects were reversed.

Removal of the thyrold effects protection against a careinogenie
substance but does not cure the tumour it causes

In New Zealand Bielschowsky (42) has studied the influence of
thyroid removal (thyroidectomy) on cancers of the liver in rats
caused by oral administration of aminofluorene. The conclusion
he reached was exactly the opposite of that reached by Bather (**)
because diminution of thyroxine production, resulting from previous
removal of the thyroid, reduced the frequency of turours of the liver
and retarded their appearance.

These two separate experiments are evidence, once again, of the
contradictory results obtained concerning the thyroid-cancer
relationship.

But there is one fundamental point on which the two experiments
agree, as in Bather’s experiment: removal of the thyroid did not
exercise the same effect whether it took place before or after the
administration of the carcinogenic substance.

Thytoidectomy before administration of aminoftuorene proteets
against the carcinogenic action of the latter.

(*) Noie that this was not a general influence but a special effect of thyroxine
at the very point of injection with the carcinogenic substance. It seems, moreover,
that in this particular case the protective effect of the thyroxine is due to the fact
that it aids the destruction and rapld elimination of the carcinogenic substanee by
the tissues.

(**) This need not cause surprise because:

different chemlcals were used as the earcinogenic substanee; in the first experi-
ment it was a case of an injection local in effiect, and in the second of buccal
administration which is general in effiect.
As stressed abave, in the first expetiment it is a particular thyroxine reaction at the
point of injection, whereas in this present experiment it is a matter of thyroxine
suppression for all the organs due to the removal of the thyroid.
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Thyroidectoray carried out after the tumour has appeared has
no effect whatever on the evolution or gravity of that tumour.

The effects of the thyroid and thyroxine therefore differ according
to whether the tumour has already appeared. The “protective” effect
is exactly the opposite of the “therapeutic™ effect.

Reversed image of homeeopathy

Homesopathy is based on the principle of similarity—*" Similia
similibus curantur” (“Likes are cured by likes”)—and concludes that
to cure a sick person, small doses of the product should be used
which, in large doses, gives rise to the disease in the healthy individual.

The three experiments just cited above (and there are many others
like them) reveal the principle of homeosopathy in reverse in “pro-
tective” medicine: what PROTECTS does not necessarily eure, and what

CURES does not necessanily protect.{*)

(*) This does not, however, contradict the principle of homeeopathy, because the
question of deses ia not eonsidered here.



CHAPTER 58

Close correlation between the nature of the soil
and stomach cancer in Wales

I~ 1868 Haviland (151) reported to the Medical Society of London
that it was possible that the soil exerts some influence on the fre-
quency of cancer. Examining the relationship between cancer
frequency and the geological map of England and Wales, he came to
the conclusion that this frequency was greater on “low-lying clay
areas liable to seasonal flooding by rivers”.

Thirty years after this first communication, in 1899, Haviland
concluded that districts with high-cancer mortality coincide with
low-lying clay areas, sheltered from the direct influence of prevailing
winds, and traversed by large rivers which seasonally flood the
surrounding areas. Elevated districts which are the source of these
rivers have low cancer mortalities. Chalk countries are remarkably
free from cancer. Water partings of catchment basins where hard
rocks occur, especially limestone, also have low cancer mortalities.
In river basins with high cancer death-rates, locally outcropping
chalk areas are characterised by low cancer frequencies. Areas above
the flood-line have lower cancer frequencies than areas immediately
bordering the rivers.

No explanation can yet be provided. But it seems as probable to-
day as it was in Haviland’s time, that if we were capable of explaining
this relation we would not be far from solving the problem of the
causes of cancer. The means might even then become available, if
not to cure cancer, at least to protect men against this scourge.

In the light of knowledge acquired in recent years, an attempt will
now be made to reply in some little measure to the question asked by
Haviland sixty years ago.

Doctors in Normandy and England confirm Haviland’s
observations

In 1890 doctors in Normandy (20, 56, 294) reported having
observed a greater frequency of cancer on certain clay soils. The
Q 223
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statistical and analytical methods available at that time did not allow
them te be more precise in their statements.

Im another connection in 1902 Brand (SO), in England, confirmed
Haviland’s results and reported that higher cancer mortality rates
are encountered in “districts which lie low and are liable to seasonal
floodings, and are characterised by alluvium and subseils of the
various clays”. He cited the North and East Ridings of Yorkshire,
which stand on the Rivers Ouse, Derwent and Humber, and pointed
out that the local inhabitants had named the valley of the Derwent
“the valley of cancer”.

By comparison, cancer is less frequent in high-lying zones,(¥)
where there is no flooding and which are “characterised by porous
subsoil and the oldest palaeozoic rocks,(##) especially the limestones™.

Stomach cancer in North Wales

Recent statistics have confirmed Haviland’s observation of the
frequency of cancer in certain parts of North Wales, with the
additional detail that the relationship is particularly evident in the
case of stomach cancer. In 1951 and 1952 Legon (203, 204), of the
Geographical Service in London, resumed study of the subject
using modern statistical methods and prepared the map contained
in Fig. 14 (p. 225), which shows the accumulation of stomach
cancer in North Wales.

High content of undecomposed organic matter in the soll
favours cancer

The soil in the vegetable gardens (***) of people dying from
stomach cancer was studied, particularly if they had lived in the same
house for twenty to thirty years. The organic matter content of such
soil was measured by ignition.(****) Fig. 15 (p. 225) shows very
clearly that mortality from stomach cancer increases as the organic
matter content of the soil in the vegetable garden rises.

This study has been pursued in recent years by the British Empire
Cancer Campaign, which has carried out many soil analyses in the

(*) See pp. 173, 174,

(%#%) Palieozoic era is the geoclogical period of the most ancient fossils,

{***) This method of analysis and statistics might be called a study of the
*‘geological eonditions of the habitat”. Griffith (140) and Davies (84) have pointed
out the difficulties militating against a statistical survey of cancer by regions.

(****) Loss of a soil on ignition can be due to humidity and to calcium carbonate
as well as to organic substances. The soil was first dried to 105° C. and then
adjustment made (iff necessary) on the basis of its content of calcium carbonate.
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Fig. 14, Frequency of stomach cancer in Wales,
From Legon (204).

Standardised mortality ratio . . .
from stomach cancer Ignition loss—cultivated soil

Fig. IS. Correlation between frequency of stomach cancer and ignition
loss of cultivated soil.

From Lcgon (204).
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areas of North Wales where stomach cancer is frequent. A marked
relationship was also noted between stomach-cancer frequency and
loss on ignition of the soil, but more precise measurements in 1955
made possible the observation (354) that maximum frequency of
stomach cancer occurred not for a maximum, but for an optimum,
loss on ignition, this optimum varying with the nature of the soil: the
loss on ignition most favourable to stomach cancer was 10-13 per
cent for the soils of North Wales and 5-8 per cent for the soils of
Cheshire.

Frequency of stomaech eancer and organie carbon content of
the soll

With the aim of greater simplicity and preeision, a relationship
was sought between frequency of stomach cancer and the organic
carbon content of soils. The result was that, in the case of people
who had resided in the same house for twenty years, maximum
frequency of stomach cancer was associated with a soil organic
carbon content of 25-40 parts per thousand (this being an average
content).

The solls of North Wales that favour stomach cancer give rise
to copper deficiencies

The soils particularly concerned were peat and badly aerated soils.
It is a well-known fact (86) that soils rich in iciecomposed (*)
organic matter, such as peat soils and clays subject to frequent
flooding, fix copper in a form non-assimilable for plants,(**) thus
giving rise to various disorders among livestock. Thanks to grass, it
was seen eatlier that in Florida (p. 32) soils of this nature, rich in
undecomposed organic matter, caused copper deficiencies among
the grazing steck.

Legon thus assumed that it was deficiency (direct or indirect) of
copper in the soil that was the cause of the greater frequency of
stomach cancer in these areas of North Wales. This point of view
was to be confirmed by the study of a soil enzyme.

(*) Usdecomposed organic matter of peat and other analegous seils is not te be
confused with humus. The rate of decompasition of organie matter and of its
transformation to humus depends on many factors: aeration of the soll, ealeium
content, temperature, ete. The more favourable the soil eonditions te develop-
ment of the microflora and microfauna, the more rapid the decomposition.

(**) See the case of the "muck soils” in New York State, which eaused copper
deficiency in onions (pp. 192, 193).
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Seil enzymes

Soil fertility is considered today to be the function of the Lilli-
putian ploughmen the soil contains (Voisin 388, pp. 40-47). These
ploughmen comprise all the microflora and microfauna living in the
soil.

Much investigational work has been devoted to the enumeration
and determination of these soil micro-organisms, but this has been
mainly morphological. It is only in the course of very recent years
that consideration has been given to the fact that all the transforma-
tions and reactions caused by living things are enzymatic by nature,
and that it is more important to know what enzymes and which
quantities of them are contained in the soil than to assess the number
of micro-organisms, which gives no indication at all of their
activity.(*)

Increased invertase content of soils favouring stomach cancer

In the recent enquiry into cancer in North Wales it was decided
to study various enzymes contained in the soils thought to be favour-
able to cancer, in the hope of acquiring more knowledge regarding
their biological activity. Invertase (¥#) was studied in particular and
an “index of activity” defined for it. It appeared that the soils on
which stomach cancer was most frequently recorded had a very high
invertase activity (354). As in the case of organic matter and organic
carbon content, however, it was not the soils with the highest figures
that produced the greatest frequency of stomach cancer. This form
of cancer was found to be most common on soils with an invertase
activity index of 15-29.(***)

Transformation of the cupric salts of the soil into non-assimilable
cuprous salts

How does this relatively high invertase activity of the soil aid the
development of stomach cancer? These studies are very recent
(1955-57), and the British investigators have not yet been able to
answer this question. My own hypothesis is as follows: invertase

(*) The most important studies on this subject are those undertzken in wvery
recent years at Weihenstephan (Miimich) by the Heffmann group (165, 166).

(**) Imvertase ar saccharase clissociates saccharose (ordinary sugar) inte its two
components, glueose and fructese.

(***) The activity index of invertase can reach higher numbers, e.g., more than
60, but such soils are relatively rare.
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has the well-known property of reducing cuptic salts to cuprous
salts, the latter appatenily being non-assimilable by plants.(*)

High zin¢ content of soils favours stomach cances

The last report of the British Empire Cancer Campaign (356) in
1957 revealed a new and veey important fact. Garden soils where the
frequency of stomach cancer is particularly high have a zinc content
three times greater than that of neighbouring soils (**}) where the
frequency of this type of cancer is normal.

Zinc is known to be an antagonist of copper. The excessive zinc
content of these “cancer soils” is therefore of the greatest interest.

Some of the known characteristies of soils favouring stornach
cancer in North Wales

Knowledge of the nature of the North Wales soils favouring
stomach cancer cannot be claimed to have progressed much since
1868, the year when Haviland pointed out the correlation between
these soils and cancer. Nevertheless, some of their characteristics
can be defined:

1. Heavy or peat soils, badly aerated, rich in undecomposed
organic matter.(***)

2. Soils of this type are known to cause copper deficiencies.

3. The zinc content of these soils is relatively very high.

4. Soils giving rise to the greatest frequency of stomach cancer
possess, in general, the following three “organic” characteristics—a

(a) loss on ignition of 10-13 per cent;
{b) organic carbon content of 25-40 parts per thousand;
fc) invertase “activity index” of 15 29.

{*) Knowledge of assimmilable, ** firad” and non-assimilable copper in the soil is
absolutely nil. Moreover, the aceurate methods required for making such a separa-
tion are not yet availible (314). ¢ must not be fiorgstien that copper deficiency can
stem firom a lack of copper in the soil, but it is equally possible for the soil to
contain suffiicient copper which, for various reasons, is non-assinilable.

(**) 101 parts per million of zinc in “stomach cancer soills” against approxi-
mately 30 parts per million in neighbouring seils * wikh normal stomach canear™.

(**¥) From the geological standpofint Stocks (356, p. 125) writes:

“Mortality from stomach cancer in England and Wales tends io be High wiere
igmeous rock is nesr to the surface and ow in ohalk and limestone areas, and in the
survey region the rates dend to be Righest witere sirata of Camibrian fge owtcrep.”
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Siientifiic ignorzanoe mist mof et Progrees

In the 157 repont off the Buiitish Ewpire Cancsar Campaigm Stocks
(356, p. 1125) condiudied!:

“In the Welldh diistricts witdh Hhigh stomadh cancar mortality, butt nott
elsewhere, iits incidence affter 11-19 years of residence is excessive where
the garden soil has a high contient off organic carbom and iis still more
excessive affter 20 or more years off residence where the seil has 2 medium
arganic carbon comtent. . ... No such evidence off associmfion has been
found between garden soils and camcer of other organs. Something in
the soil yet to be identified seems to be the main factor responsible
for l1the peculiarly high incidence off stomach camcer in parts of North
‘Wales,_., . ."

Little progress has therefore been made, but two things are known
nevertheless:

1. Grass has shown that soils of this type cause copper de-
ficiencies among grazing stock {as in the case in Florida, see p. 32).

2. As stated above (see p. 199), it seems very probable to me
that a disturbance in the metabolism of copper is one of the
causes of caneer.

It would indeed be interesting to know the condition of the live-
stock in the region as regards copper,(*) a point on which I have
been unable to find information. I believe, however, that whatever
the data accumulated in this way, the biological experiment is
essential if real progress is to be made.

Efforts have been concemirated on soil analyses to the neglect
of biological experiment

Im thiis studly of cancer in Wales all efforts have been, and are still
beimg, concentrated on chemical analysis of the soil. As regards
mineral elements, the thousands of anmalyses wndintsken have beem
concerned with total elements. Such amalyses, as already stated
(pp. 25-28) can provide omly wery limited! information, and the
status of chemical anallysis must be raised by relating it to the amimmal
as the subject of a biological expetimenit.

Im my opimion, the cancer question in Walks should be dealt wiitth
as follows:

m)mmm@&@m)mMmm@f@mmanm 1982 sthowiing tte
negions wiene hyreouproses fed feem estatiisied im livesook, Tle: MNontth eof
Whalkss iis ot includied], fute tett dbes net meam et fhypecuprosis dres mot exse
titege, ok thesse wierse siparac i, andl toft sysiematilc, dissmatioss.
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Rats (*) should be fed exclusively (or almost exclusively) on the
produce of vegetable gardens with “cancer soils”.(**} A control
group should be fed on the same products, but from normal soil.
The copper and catalase contents of the livers (#*#) of the two
groups should then be measured, and this will show whether there
is any abnormal reduction of these elements in the first group. One
would then be quite certain whether a deficiency of copper is
involved.

The question could be pursued even farther and negative toxicity
studied: an azo dye would be added to the ration, or the skins of
each group of rats could be smeared with benzpyrene. The per-
centage of cancer in the two groups would then be compared.

If it transpired (****) that the group fed on the produce of the
“cancer soil” is more sensitive to carcinogenic action, a very small
amount of copper could be added to the ration to find out whether,
as in analogous cases (see p. 186), the carcinogenic action of azo dye
diminishes and returns to equal that observed in the control group.

It would probably be even better to add 5 lb./acre [5 kg./ha.]
copper sulphate annually to *“‘cancer soils” and see whether the
resulting produce would cease to cause the same reduction in liver
catalase and then exert a normal, anti-carcinogenic influence. It
would then be known for certain that copper deficiency (direct or
indirect) is indeed the cause of this abnormally high frequency of
cancer. The necessary practical conclusions could then be drawn to
“protect” against this type of stomach cancer.

Having studied stomach cancer in Wales, the relationship between
the soil and cancer (whatever its type) in Holland will now be
examined.

{*) Or mice, guinea-pigs, ete.

(**) The water drunk by these rats should be the same as is consumed by the
cancerous owner of the garden.

(***) Not to mention other possible analyses of any organs of the animals,

(****) As seems probable to me a priori, but it is not certaln.



CHAPTER 59

The soil controls the jiequency of cancer
in Holland

Refined statistical methods

THe Dutch workers Tremp and Diehl (94, 373, 376) have devoted
their efforts to studying the correlation between soil and cancer in
general—not only stomach cancer, as was the case in Britain. They
used new and highly original statistical methods in an attempt to
eliminate different factors which might distort these very awkward
and difficult surveys. These methods cannot be described in detail
here. All that will be said is that the figures given concerned in-
habitants above fifty years of age and that the unit adopted could be:

either the percentage mortality from cancer per 10,000 or
100,000 inhabitants;

or the percentage of "plus” districts,(*) that is, districts,
where the percentage mortality from cancer was higher than
the average recorded for Holland as a whole.

It should also be noted that regions with an accumulation of
“plus™ districts were termed “plus” regions.

Iso-carcinoma maps

Just as on a topographical map points of equal altitude are joined
by isohyptic lines,(**) so in this present instance maps were drawn
up uniting, by means of a so-called iso-carcinoma line, points
showing the same cancer mortality figures.(***). At the top of
Fig. 16 (p. 257) is the first atterapt at an iso-carcinoma map of

(:') 'l[mxei dtistﬁcts were defined artificially according to a certain distance from e
eential poiat.

(*#) Of cousse, as Thamp obsetved (313) contraty to topegraphical maps, no
groportionral change in cancer meorality between twe isocarcinoma lines is recorded
o tiese MRS,

() It being widbrsived that only imbabitamts owver fifty years of age are
coneerned.

231
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Holland. The high concentration of “plus” regions, that is regions
of high cancer mortality, in the islands and coastal areas is im-
mediately obvious.

Nature of the soils favouring cancer

What kind of soils were involved? The soils were divided up into
many classes and finally grouped together in sixteen categories. The
cancer (*) mortality was studied either in decades from 1900 on-
wards, or for the whole period 1900-40. Table 33, below, shows the

T able 33

Classification of sixteen types of soil according to the number of
deathsfrom cancer observed (in Holland)

Total number

No Name of soil of carcinoma
deaths
1 Beachbank soils 688
2 Loamy river soil 664
3 Reclaimed peat soils 662
4 Permanent moist sandy soils 661
S Young beach sands 658
6 Peat soils 657
7 Sea-clay soils 652
8 Dry sandy soils (part of year moist) 635
9 Dune sands 617
10 River-clay soils 605
11 Cover sand soils 603
12 Sand on peat 585
13 River sand soils 578
14 Inland dune sand 505
15 Loess and other soil rich in lime 485
16 Brook soils 455

N.B. Total number of carcinoma deaths is calculated per year per 100,000
inhabitants above fifty years of age in the period between 1900 and 1940.

From Tromp (373),

percentage mortality from cancer (of all kinds) on different soils
during the period 1900-40.

Among the categories that obviously favour cancer are heavy soils
of the type found in Wales. On sandy soils, cancer mortality is
generally low.(**)

(*) Tromp and Diehl use both words carcinoma and cancer without making any
clear distinction between them,
(**) With the exception of certain categories (Nos. 4, 5 and 8).
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Cancer is rost frequent on solls causing copper deficiencies

It should be remembered that peat or clay soils rich in unde-
composed organic matter cause copper deficiencies (see pp. 32-34),
while such deficiencies are rather rare on sandy soils (see p. 141), as
shown by grass (180).

Frequency of cancer mortallty as a fuaction of the nature of the
soil follows the same order whatever the decade

The soils were finally grouped in seven categories. Table 34,
below, shows cancer mortality and also the percentage of “plus”
districts on these soils either for different decades or for whole
periods. It is noteworthy that, but for one anomaly for the 1930-40
decade, all the groupings, without exception, are the same, whatever
the period or statistical methed.

TasLE 34

Variations in cancer mortality and in the percentage of “plus”
districts during the ffour decacles fham 1900 to 1940, according
to the geological type of the soil

Tatal number of deaths fram eancer « ™
er annum per 100,000 inhabitants d?;ﬁgg‘?g? ?hfe el:gde
ove fifty yeara of age in the peried
Nare of soil Aver- | Aver-
1900 | 1910— 1920- | (980~ | age | age | 1900~ | 1910- | 1920~ | 1930~
10 20 30 40 1935@-30 119%@— 10 20 30 40
Reclaimed peat soils 658 , 706 | 661 689 | 675 | 678 82 82 35 82
Peat solls 603 667 | 667 | 688 647 657 63 60 53 57
Sea-efay sails 505 | 654 | 667 | 693 | 630 | 652 56 54 50 58
Sandy sotls 562 | 622 | 653 | 631 | 612 | @22 48 49 50 55
Cover sand solls 544 | 611 653 603 603 | 603 43 47 50 49
River-elay solls 551 603 633 | 631 596 | 605 43-5| 40 46 41
Loess and other soils

rich in CaCOn 350 | 479 | 578 | 533 | 469 | 435 — — — —_

N.B. é ; CF. Tahle 33, p. 232.
2) For the definition of "plus” districts see p, 231,

From Themp (373).

Since the Welsh investigations had revealed an influence by the
soil on stomach cancer, Ttomp (376) also studied the frequency of
storach cancer mortality for the seven categories of soil. The order
of grouping of the soils in this case was exactly the same as for cancer
in general. This is all the more interesting, as the British workers
could not show the correlation with any type of cancer other than
stomach. It must be remembered, however, that the British analytical
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and statistical methods were more limited: they were dealing only
with wvegetable-gardeti soils and with cancer mortality among the
owners of these gardens only. The Dutch studies, on the other hand,
were concerned with all inhabitants and all soils.

Striking correlation between soil and cancer in Holland

The regularity of this correlation between nature of the soil and
frequency of cancer mortality, whatever the decade or region, is
extraordinary. The Dutch workers showed that it cannot be ex-
plained by the character of the communities (rural or urban), the
different numbers of inhabitants in these communities, or by the
non-identical distribution of age of the inhabitants. At the Fifth
Congress of the Intermational Society of Pathological Geography in
1954, Tromp (374) concluded:

“The result is so striking that it is difficult to think that it is a mere
coincidence, especially when one remembers that many factors can contri~
bute towards camouflaging the results. It seems justified, therefore, to
conclude that the soil exerts a certain influence on the fiaguency of cancer, the
more so as mathematical study of these results has confirmed that they are
significant.”

The cancer solls of Holland and Wales are the same: those
that cause copper deficiencies

The debatable point about all these statistics on cancer mortality
is their basis, namely death certificates, the truthfulness and exacti-
tude of which may vary greatly. Tromp has frequently emphasised
the usefulness of strictly secret death certificates as issued in Holland.

Movements of the population are certainly a factor which may
seriously upset statistics. Rut the Dutch worker remarks that he was
surprised to find that, except in the very large towns, the population
is much more stable than might be expected.

Teo me, the remarkable fact is that in Holland and in Wales it is
exactly the same types of soil that favour cancer: namely heavy soils,
badly aerated and rich in undecomposed organic matter, which, as is
known from grass, give rise fo copper deficiencies.

As the writer of the editorial in the British medical review, The
Lamcet (16), observed:

**. . . there still must be many inaccuracies in death certification . . . the
strongest argument in favour of a soil-cancer relationship is its demonstra-
tion in two communities as widely separated as Anglesey (Wales) and
Holland,”
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Cancer is less fiequent on caleareous aveas
of different types of soil

Classification of clay soils in Holland according to their content
of calefum earbonate

As stated earlier (p. 223), Haviland and other writers had pointed
out that cancer is less frequent on limestone soils. Sixty years later
the studies carried out by Tremp and Diehl in Holland were to
confirm this point of view on the basis of accurate statistics. Clays
were divided into four categories according to their origin and
content of calcium carbonate (CaC03):

1. Calcareous sea-clay soils.

2. Non-calcareous sea-clay soils,
3. Calcareous river-clay soils.

4. Alow-calcareous river-clay soils.

Cancer is less frequent on caleareous thanh on non-caleareous
areas

Table 35 (p. 236) shows:

1. Mortality figures for cancer.
2. Percentage of “plus™ districts (¥) for the four categories of
clay soils defined above—

(a) during the four decades that had passed since 1900;
(b) between 1900 and 1929;
(c) between 1900 and 1939.

Cancer mortality figures or the percentage of “‘plus” districts can
be seen to be always, for sufficiently long periods of time (1900-30
and 1900-40), lower on caleareous than on the corresponding non-
calcareous clay.

This retarding effect of abundant limestone on the development of
cancer is confirmed by the fact that mortality from cancer is lowest,

(*) For their definition, see p. 231.
235
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if not indeed one of the lowest, on calcareous loess soils (*) (Tables
33 and 34, pp. 232 and 233).

T able 35

Comparison of cancer mortality figures for calcareous and non-
calcareous clay soils

Sea-clays River-clays
Non- Non-
Calcareous calcareous Calcareous catcareous
Number of districts studied 130 100 126 38
Cancer death-rates per annum
per 100,000 inhabitants
above fifty years of age
during the period:
1900-9 580 599 541 588
1910-19 643 665 579 648
1920-29 631 695 627 624
1930-39 690 677 642 650
1900-29 618 653 S78 619
1900-39 636 659 597 627
Percentage of “plus” districts
for the period:
1900-9 51 55 41 55
1910-19 49 60 36 45
1920-29 43 59 46 39
1930-39 52 57 41 53

N.B. For the definition o f*plus” districts, see p. 231.
From Tromp (373).

Biochemical causes of the unfavourable effect of certain
calcareous soils on cancer

Haviland’s observation of reduced frequency of cancer in regions
with limestone soils has therefore been confirmed by modern
statistical methods. He had emphasised that the causes of cancer
would become more obvious if the reason for his observation could
be explained. Unfortunately, although sixty years have elapsed, his
question still cannot be answered. Hypotheses are many, but only
three will be dealt with here:

(*) Fine clay without stratification or fossils.
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1. Calcium is known to be antagonistic to zinc and it is not
beyond possibility that the latter, if present in too high proportions,
may favour the development of cancer (see p. 288).

2. One of Delbet’s co-workers, Robinet (302, 303), had noted a
low frequency of cancer on certain calcareous soils rich in mag-
nesium (see pp. 54 and 249) such as liassic,(*) triassic (*¥*) or
permocarboniferous (*#*) soils. He was of the opinion that it
was the high contents of magnesium in these soils that had an un-
favourable influence on cancer development, but the influence
might possibly also have been due to the limestone itself. It must,
of course, be borne in mind that all calcareous soils are not
necessarily rich in magnesium and that all the magnesium present
is not assimilable. Unfortunately, the magnesium content of the
calcareous clays which were the object of Tramp and Diehl’s
observations is unknown.

3. The soil, by virtue of the fact that it determines the com-
position of the water emanating from it, can affect the frequency
of cancer through the medium of the drinking-water. It will be
seen later (p. 247} that excess silica (Si02) in the water appears to
favour cancer development, but that this influence can be reduced,
or even cancelled, if the water contains sufficient lime (CaO}). It
is not impossible, therefore, that certain calcareous soils halt the
development of cancer by cancelling out to a greater or lesser
degree the carcinogenic effect of the silica in the water, or perhaps
even in plants.

The equilibrium between calcium and other mineral elemments
in the soil must be known

Many other hypotheses could be advanced. But it seems as if
here again the future will confirm two facts which have frequently
been emphasised in the course of this volume:

1. ThEheis jer@isabhbbn aoptiptinmu contenenf oflcabriuin thdheidoil
at which cancer frequency is lowest: it is not the soils richest in
calcium that are least favourable to cancer.

{*) Lias. Old word used by English quatriers to describe regular banks of hard
limestone. Applies to all the strata at the base of the Jurassic system (secondary
formatien).

(*#) Trias. Constitutes the lowest portion of the secondary era. Generally
characterised by the grouping of the following three formations: variegated sand-
itone at)the foot, then conchitic limestone (Muschelkalk) and iridescent marls

Keuper).

(***) Permocarboniferous, Name tindet which the Permian formations are often
grouped in a single system. Tihese are the upper steata of the primary era, lying on
top of the Carboniferous and underneath the Thizssie depesits.
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2. Calialniunvonoerie neanaonobebeonsitkdede depaparelte | yvivhishout
taking the otfer mineral elements into account; it is the mineral
equilibria and not the individual elements that govern the pheno-
mena of life.

A well-known example is that of certain calcareous soils derived
from the lower lias, as, for example, in Somerset (*) (Great Britaimn)
(see p. 41}, which are too rich in molybdenum. Tihey cause an in-
direct deficiency of copper, with consequent severe scouring in
cattle, known as teart. The importance of disorders in copper
metabolissm where cancer is concerned has already been referred to
(see p. 199), and it seems probable to me that calcareous soils of this
nature (a very special group) should rather tend to favour the
development of cancer.

The problem becomes even more complex when the calcium meta-
bolism of the cancerous cell itself is examined.

Calcium and potassium contents of the cancerous cell

As long ago as 1904 Beebe (32a) pointed out that, in all human
cancerous tumours, the calcium content diminished and the potassium
content increased in proportion to the malignancy of the tumours,
This finding was confirmed by Clowes (67a) in the following year,
1905, on one hundred specimens of Jensen adenocarcinomas in mice.

Since these first results were published the volume of research on
the subject has increased greatly; but, as is always the case with
cancer studies, the findings have been anything but in agreement.
Nevertheless, the majority of the research workers got results very
similar to those of Beebe. Shear (334a) reviewed the question in 1933
and was of the opinion that there was sufficient proof available to
justify the statement that, in many cells, calcium diminishes and
potassium increases. More recently Suntzeff (364a), in 1944, and
Carruthers {61a), in 1946, observed a comsiderable diminution in the
calcium content of squamous-cell carcinomas in humans as well as in
mice. Brunschwig (56a) and Dunham (99a) confirmed in 1956 that,
in Man, tumours of the stomach and colon contained less calcium
and more potassium than adjacemt normal mucous membrane. De
Long (90a) zlso studied, in 1930, the callciwm @nd potassium contents
of the colon in humans, comparing them with the contents of neigh-
bouring mucous membranes. He found that on the average, with

(*) 1t wonld obviously be interesting to lave comparative statistics of cancer
maortality fior the “teant™ and *nontieatt” regions of Somerset. 1f these exiist, 1
wazs unable to olbtain them.
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this type of carcinoma, the calcium content of the cancerous cells was
reduced by 44 per cent and the potassium content increased by 60
per cent.

The observations made by Beebe more than fifty years ago would
thus appear to be adequately confirmed.

Low calcium content is characteristic of the cancetous cell

The increased potassium content of the cancerous cell is not, how-
ever, completely specific to that cell, for all cells in the course of
rapid proliferation have a relatively higher potassium content. The
tissues of the rat embryo contain twice as much potassium as those of
the adult rat.

De Long (90a), at the University of Pennsylvania, studied the
calcium and potassium contents of liver cells in the coutse of re-
generation in the rat: the liver being recognised as an organ whose
cells have a great capacity for rapid growth. The calcium contents of
such cells were unaltered, but the potassium contents were increased
by an average of 11 per cent. This increase is much less than in the
cancerous cells of the colon, therefore. De Long, however, con-
sidered that the higher potassium content of cancerous cells is (at
least in part) an expression of cell multiplication. On the other hand,
the American scientist concluded that the diminution of caleium
content is peculiar to the cancerous cell, since it is not found in rapidly
growing cells.

Calcium metabolism in the cancerous cell is no longer normal

It was important to know whether or not this lower calcium
content of the cancerous cell was due to a Jack of available calcium in
the organism. De Long (90a) had observed no significant reduction
in the content of available calcium in the blood or body fluids. He
thought, therefore, as Lansing (198a) had done previously, that the
binding power of cancer cells for calcium is diminished. In other
words, the calcium metabolism of the cancerous cell is upset.

The cause of this defect is unfortunately unknown, but at least
one of its consequences is recognised. It appears that the greater
part of the calcium in a cell is situated on its surface (325#): with the
result that, in the cancer cell, the reduced content of calcium brings
about an alteration in the surface properties, in particular a reduction
in mutual cellular adhesiveness (72a, 237a). In consequence, the
invasiveness of the cancerous cell is increased, which may explain

k
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mot anly its temtnoy to spread though the tissues bt aso e
pheremene: of metrstas. ()

Hawviland's wish still holds goed

The impottamnce of these findings, incomplete and imperfect as
tivey may be, is greatlly enhanced when they are viewed in the light
of tihe statistics quoted at tihe beginming of this chapter showing that,
for a certain type of soil, cancer is less frequent on the most calcareous
portions. Within the present limits of our knowledge it is impossible
to see what correlation this defect of e cancer cell may have with a
calcium deficiency in the soil. Haviland’s words can therefere only
be repeated: “If we solved this problem we would probably know
the causes of cancer.” Teo which I would add: “¥We might even be
able to master this scourge.”

(*) The transfer of disease from a prithary foeus to a distant one by the convey-
ance of causal agents or cells throughout the blood vessels or lymph channels.



CHAPTER 61
Excessive soil moisture ff@iours cancey

On the same type of soil, cancer mortality inereases with soil
moisture

As long ago as 1868, Haviland, in London (see p. 223), stated that
cancer frequency was higher on low-lytng clay areas liable to seasonal
fflooding by rivers. This result has been confirmed by many investi-
gators since, but without the basis of detailed statistics.

The question was taken up by Tromp and Diehl (373), employing
the statistical methods referred to above. They established a very
clear relationship between the moisture content of a certain type of
soil and cancer frequency. Their results for sandy soils for the years
1900-39 and for each of the decades within that period are contained
in Table 36 (p. 242). Except for one decade, where the figures are
almost stationary, cancer mortality increases with the moisture
content of this soil type.

Soil moisture and stomach canecer

In France in 1950 Durand (100) pointed out the existence of a
correlation between extent of rainfall and frequency of stomach
cancer. After long periods of heavy rainfall a marked increase in
frequency is observed in the following year, and sometimes even in
the following two years.

Excessive moisture prevents the transformation of organie
matter to humus

It is not impossible that meteorofogical conditions may directly
influence cancer frequency and that a damp atmosphere favours its
development. But until the beginnings of proof are available for a
hypothesis of this nature it must be assumed that moisture favours
cancer by modifying the physical and chemical characteristics of the
soil. It may be supposed, for example, that moisture alters the
quantities of undecomposed organic matter present in the soil,

241
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redwdiing the rate of their marsformation to hwhus. [t was seem
above (p. 226) that this accummulation of otganic matter fixes copper
in a foton nedr-assimiable for planis, this creating a copper deficiency,
a jpossible cause of the development of camcer.

TasLe 36
Ihffience of the moisture in sandy soils on cancer mortality

) Period Avel
Sandy soil T 1600-

[ 1900-9 | 191019 | 192029 | 1930-3% |
Dry 591 631 633 686 635
Darmp 597 642 671 692 650
Very damp 678 626 747 718 692

N.B, The figures indicate the total nuenber of deaths from eaneer per anfiuem
per 100,000 inhabitants above fifty years of age.

Frorm Tretap (373).

Variations in soil moisture affect the equilibrium of mineral
elements In the soil water

Variations in moisture alter the amounts of different mineral
salts (*) contained in the interstitial aqueous layers of the soil as well
as in the water table. This modification of the mineral compo-
sition of soil water ultimately affects not only the mineral but also
the organic (pp. 5-24) composition of plants growing on that
soil, and in the long run the animals and human beings who consume
these plants.

Excessive soil moisture favours an excess of potassium over
magnesium

In the course of the symposium organised by the International
Potash Institute in 1954, Schuffelen (320), of the Wageningen
Research Centre (Holland), recalled that one off the most important
mineral antagonisms is between potassium and magnesium, and that
numerous experiments show that application off potassium fertilisers
may camtribute to magnessum deficiency. 1t has ofiten been found in
Holland that deficiencies of magnesium are much more firequent iin
damp spring sezsens.

Table 37 (p. 243) shows how the ratio of potassium to magnesium
iis dobled in 2 clay soil when the soill moisture rises firom 11 to 28 per

(™) To the mmore exast, Aniomns andl aetiomns.
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cemt(*) Soil moisture, therefore, will speed up potassium albsonp-
tion by the plant relative to that of magnesium.

'FaBLE 37

Influence off moisture in clay soils on the ratio of potassium to
magnesivum in the soil water

Percentage moisture | Potassium/magnesium

in soil ratio
1i 0-21
17 0-20
22 0-42
28 0-45

From Schuffelen (320),

The consequences of this potassium/magnesium disequilibrium in
the soil, and how it helps to create a similar disequilibrium in the
blood of animals and men, have already been described (pp. 47 and
54). It is also known that too high a potassium/magnesium ratio may
probably favour the development of cancer. Schuffelen’s paper,
therefore, makes it easier to understand how increased soil moisture,
by accentuating a possible (indirect) deficiency of magnesium, will
aid the development of cancer.

Frequency of cancer is a function of month of birth

I frankly admit that the idea would never have occurred to me to
construct a curve for cancer frequency as a function of the month of
birth. Statistics of this nature were collected for Vienna (Austria)
and for the Soviet Zone of Germany (98) as shown by the curve at
the right of Fig. 17 (p. 259). It will be seen that the frequency of
cancer is I7 per cent higher among those born in January than among
thase Do in JULY.

Many hypotheses could be thought up in explanation of this
relatively greater frequemcy of cancer among people born in winter.
It may be supposed that tihe child before birth via the placenta, or
after bicth via its mother's or cow’s milk, is deprived of certaim
elements which are less plentiful in the winter diet: it is a well-known
fact, for example, that winter feeding contains less carotene and less
vitamim A. The water drunik by the mother may also affect the: child;

(*) Result of the so-called Donnans laws.
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amndl it e jjust heen stated that the mimensl equillifiiom of water s
less favounatilke in damp momttis.(*)

I would e interesting to have similar statistics for couninizs om
other latitidbks and with different climates, and abko to see, fot
examplie, whether those borm duninmg beawy monsoom sainfall ae
more sulbject to cance:r.

% It would fe: iintetesting to know what seasonal variations eccur in the nhiineisl
equillitriza of sprimg water,



CHAPTER 62

Filtered river water, used ffor drinking, faxoewrs
the development of cancer

Filtered river water partly replaces water from wells in modeen
civilisation

One of the most serious problems that have always confronted man-
kind is that of absolutely safe drinking-water. Water from wells is
available in limited quantity only, but the population of the world
never stops increasing. For this reason purified river water has had
to be used.

My wife recently came across the following passage in a French
women’s magazine (115) which she was quick to bring to my notice:

“Many springs supply Paris with water. But Paris has extended, and its
population as well as its industrial requirernents have increased. The
available spring water having become insufficient, filtering stations have
been set up on the banks of the Seihe and the Marne, At first these
stations were to provide 100,000-200,000 m3 per day. Now 800,000 is
demanded of them. The stations have not been enlarged, which means
that they are forced to filter more quickly and less well.

“The situation is made even mote serious by the fact that the water
areiving at these stations is more and mere polluted by urban, and
particularly by industrial effluent. Theatment of it, therefore, becomes
ever more difficult.”

These observations could be applied to almost all the cities in the
world of large or medium size.

The effects of this so-called purified river water on the develop-
ment of cancer in Man will now be examined.

Purified river water favours cancer in London

In 1947 Stocks (352) noted that deaths due to cancer in London
were differently distributed according to areas. These differences
could be explained neither by age, social conditions nor hours of
exposure to sun.

London gets its water from four different sources: purified water
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from three rivers (the Themes, the Lea and the New River) and from
wells. Stocks found that districts supplied with water from wells
had a much lower cancer mortality figure than these supplied with
the purified water from the three rivers.

This was a very disturbing observation, since, without putified
tiver water, it is impossible at the present time to ensure supplies of
drinking-water for large modern cities. It led Tromp and Diebl, in
Holland, to study more closely the influence of drinking-water on
cancer: for which purpose they used the statistical methods previously
referred to (pp. 231, 232).

Cancer mortality in Holland is higher with purified river water
than with water from wells

The aim of the Dutch workers first of all was to determine what
relationship might exist between origin of water and cancer mortality.
In a preliminary study they divided up water, according to its origin,
inte four categories which faxaur cancer in the following descending
order:

1. Purified river water.

2. Water from heath soils (shallow groundwater.
3. Water from dune zones (shallow groundwater).
4. Water from wells (deep).

TasLE 38
Cancer mortality in Holland relative to the origin of the water
Cancer death-rate

Origin of water per 100,000

inhabitants
Purified river water 606
Water from heath soils (shallow groundwater) 584
Water from dune zones {shallow groundwater) 585
Water from wells (deep) 568

N.B. Cancer mortality refers to inhabitants sbove fifity years of age.
From Tromp (373).

The highest percentage of “plus” districts (*) was also found in
regions supplied with purified river water.

Stock’s fiindings were therefore confimmed: cencer mentalily was
higher with purified river waler than with well water. Tromp and

(*) For defiimition off these see p. 231.
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Diehl thought that the carcinogenic effect of the former was probably
due to the presence of a certain number of dissolved mineral or
organic substances; the source of these being sewage from the large
factories. This is the case with the Rhine in Germany and with
many other rivers flowing through the Dutch industrial zone.

Study of the mineral composition of water

Tromp and Diehl unfortunately neglected the organic substances
contained in purified river water, and never brought up the question
of urochrome,(#) for example (p. 252). Instead they studied the
possible relationship between the mineral composition of water and
mortality due to cancer and tried to relate that composition to the
nature of the soil where the water originated.

The analyses carried out by the Dutch Water Services un-
fortunately allowed them to take only four mineral elements con-
tained in drinking-water into consideratiom:

lime (CaO);

silica (5i02);
magnesjum (MgO);
manganese (MnQ).(**)

For every type of drinking-water originating from a soil whose
nature had been determined, the percentage of “plus™ districts (¥##*)
was calculated and then, using a special mathematical method which
cannot be explained here, that percentage was compared with the
water’s content of the four mineral elements listed above.

A high silica content in the water favours cancer

A constant and on the whole very obvious result was obtained (375):
highest cancer mortality was associated with water relatively rich in
silica (****) (Table 39, p. 248).

Trormp, being very cautious, has stressed that it was possible that
the silica acted directly on the development of the cancer; but that
the high content of silica may also indicate the presence of other
mineral elements (not analysed) which always accompany it and which
would be the real cause of the cancer.

(%) Hettche's publications (1954) are simultaneous with those of Tromp and
Diehl that I have te hand (1954, 1955),

(**) These are the only trace element taken into consideration. Copper and
molybdenum, for example, were not analysed.

(***) For definition see p. 231.
(****) More than 20 mg. SiOj per litre.
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Abundance of magnesium in water reduces the frequency of
cancer

According to Tromp (375) peat soils and sea-clays, on which the
number of deaths from cancer is high, supply water low in mag-
nesium. River clays, on the other hand, on which the number of
cancer deaths is relatively low, give water rich in magnesium (Table
39 below).

T able 39
Mortality from cancer as afunction of the abundance of magnesium
in the water
Percentage
of dis-
tricts
with a ~ Mg. mag- Percentage of districts
. cancie_r nesnlj(m where the water is richer in
Type of soit mr:)irgtﬁelrty drF;/errnaEt;t'er Silica |Magnesium Manganese
than the in soil than the average for Holland
average
for
Holland
(1) Peat soils 58 375 67 20 20
(2) Sea-clay soils 54 406 66 21 13
(3) Sandy soils 50 45 51 21 19
(4) River-clay soils 42 32 20 59 48

N.B. (1) Magnesium = MgO;silica = SiO,; manganese = MnO.
2) Average magnesium content of drinking-water in Holland is 13-6 mg.,

average silica content 19-8 mg. and average manganese content
0-25 mg./litre.
(3) Cancer mortality figures refer to the period 1900-39.

From Tromp (374, 375).

It is interesting to note that the two types of soil that supply the
water with the lowest magnesium content are those which themselves
contain the most magnesium—further proof of the limitations of soil
analyses, where, almost always, it is only total elements that are
determined. High acidity and a high content of potassium in soils
are sufficient to explain that magnesium, although abundant in the

soil, is present only in very small quantity in the water that has
“washed” that soil.
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The Dutch observations wotild appear to confirm Delbet’s theory

Tromp did not omit to call upon the ideas of Delbet and Robinet
(see pp. 54, 237), according to which magnesium deficiency in
water and in the soil favours the development of cancer.(¥) The
Dutch workers believe that their results would tend to confirm
Delbet’s theory but that more results are required before absolute
confirmation can be claimed.

Manganese in water as a protective elemment against cancer

In the light of his results, however, Tromp (375) was of the
opinion that it was abundance not of magnesium, but of mangamese in
the water that would assume the most important “protective™ réle
against cancer (Table 39, p. 248).

Personally, it seems to me that the positive correlation between
cancer mortality and the manganese content of the water is less
marked than the pesitive correlation with magnesium content and the
negative correlation with siliea content.

But, as these were only preliminary studies, it is difficult to pro-
nounce definite judgement, the more so as elements as important as
copper and molybdenum were not analysed.

Cumulative effect on cancer of the same drinking-water
consumed over a period of many years

Improbable as it may seem, these studies by Tromp and Diehl are
the first (**) to try to establish scientifically a correlation between
the composition of water and frequency of mortality from cancer.
Their great merit lies in having drawn attention to the considerable
danger of cancer development inherent in certain drinking-water.
The danger is all the greater because it is a matter of identical
cumulative effects affecting the organism over a period of many years.

The foodstuffs we consume may originate from many different
parts: oranges from California, meat from the Argentine, bananas
from the West Indies, but we consume the same water for years and
years on end. Moreover, if this is spring water, a close bond is
created with the soil of the water’s origin.

It is in the interests of “protective” medicine, therefore, that this

(*) Delbet was content to analyse only total magnesium in the soil. As has just
been seen, this would often give false results.
*#) At least to my knowledge.
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studly by Thomp and Dixhl should be followed by many othets of
the same matune:.

Necassilty of studying the “protective™ eapacity of drinking-wate;
against cancer

With water, as with all foodsmiis, it is essential to study not onfy
its possible carcinogenic character, but also its gretective eapacity
against cancer. It must be fed to rats and guinea-piigs for months of
even years, Them it will be possible to studly the compatative
resistance of these animals to a carcinegenic action, such as the
addition of an azo dye to the ration or to the smearing with benz-
pyreme.

But it is not only the mineral equilibrium of filtered water that
endangers husman health. These so-called putified water supplies
also contain organic substances, only a proportion of which has been
retained by the filtering plants. It is this aspect that will be examined
in the following chapter.



CHAPTER 63

So-called drinking-water can upset copper
metabolism

Suppasedly purified river water may still contain many organie
substances

Ir the importance of the subject to be dealt with in this chapter is to
be fully understood, it must be remembered that the purification to
which river water is subjected before being used for drinking put-
poses does not remove all the organic substances it contains.

Reding, a member of the Belgian Commission for the Study of
Cancer, calls to mind the following points:

“Mhcrobial pollution of water has attracted all the attention while
hardly any has been paid up to now to chemical pollution, less spectacular
it is true, but just as serious in the long run. It has been established that
drinking water derived from the treatrment of river water into which flows
the effluent from factories engaged in the refining of mineral oil, has given
rise to a certain number of cases of cancer in animals smeared with eluates
obtained by filtration on adsorbent carbons.”

These are disquieting thoughts, but the cause of pollution, which
is about to be studied, is even more disturbing. It is not a case of
*abnormal” foreign bodies being contributed by ultra-modern
factories. The pollution which will be dealt with here is rormal and
common, and occurs in all water, whether in the country or in the
town.

Goitre 1s frequent in Holland in regions where the water is rich
in ledine

Hettche (155), Director of the Institute of Hygiene in Hamburg,
published the results of his studies on goitre in Holland in 1954. The
map on the lower part of Fig. 16 (p. 257) shows the frequency of
goitre in that country. The data show that the iodine content of
water in the goitre regions is often higher than that of the water in
the regions with no goitre. It seemed improbable too that a simple
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deficiency of iodine could be the cause of goitre (*) in a country with
a maritime climate and where sea fish is eaten in quantity.

It was quickly noted that the water in the goitre regions was rich
in nittate, This substance in itself does not cause goitre, but its
presence indicated that the water was still contaminated with
elements from the soil surface. Mention should be made here of the
fact that the layers from which the water in question sprang were not
very deep. The water table in these regions, moreover, was always
high.

gWhat was the element in this fairly shallow water that had not been
filtered by the soil and had an anti-thyroid influence? This was the
problem Hettche set out to solve.

In goitre regions on a hillside, frequency of the disease
Increases with decreasing altitude

It has been known for a long time that in mountain areas subject
to goitre the frequency of the disease increases, the lower the altitude
of the village. The reason for this was assumed to be that the water
was increasingly polluted by sewage from the villages farther up the
slope: this pollution was generally assumed to be mierobial. Later it
was shown that goitre is not an infectious disease.

Urine and liquid manure contain an anti-thyrold factor

Hettche (155, pp. 50-51) tried to establish what the anti-thyroid
factor could be that was present in the water in increasing quantities
as it flowed down a populated hillside. In the course of experiments
with rats the German scientist succeeded in proving that liquid
manure contained a goitrogenic factor: a factor which he precipitated
with silver nitrate. Subsequently he was able to isolate the same
substance in fresh urine (155, p. 71). When the product (isolated
from either fresh urine or liquid manure) was fed to rats it was
found to possess a strong anti-thyroid capacity which manifested
itself in the animals in the following phenomena:

elimination of the colloid; (**)
extensive enlargement of the thyroid;
hypertemia of the capillaries(*#%)

(*) Remember (p. 80) that it is the clover richest in iodine that causes geiire,
because it contains a goitrogenic factor which prevents utilisation of the iodine.

(**) Gelatinous substance contained in the follicles of the thyroid.

(***) Increased blood circulation with dilatation of the vessels.
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Urochrome, the colouring matter of urine

The conclusion was finally reached that the substance that had
been isolated was the colouring matter of urine—urochrome.

As far back as 1798 Fourquei and Vauquelin in France had tried
to isolate the colouring substance in utine. In 1862 Tichborne was
successful in precipitating the copper salt of this substance; and in
1864 Thudlicurn gave it the name urochrome. Since that period it
can hardly be said that much progress has been made in the study of
urochrome. The only two important works on the subject are those
by the Pole Dombrowski (96) in 1907 and by Rangier (291, 292) of
the Faculty of Medicine in Paris in 1935. Even today the exact
composition of urochrome is still unknown.

Urochrome combines with the copper of an enzyme of the
thyroid

The point of particular interest is that discovered by Tichborne in
1862 and confirmed frequently since: urochrome combines with copper.
Hettche was of the opinion that an oxidase with copper oxidised
iodide (taken from the blood}, to iodine in the thyroid; this iodine
subsequently combined with tyrosine to form thyroxine, or thyroid
hormone. It is this oxidative stage in the synthesis of the hormone
that would be obstructed by the urochrome in drinking-water that
had been insufficiently filtered (155, p. 66).

Camplete absence of microbes does not guarantee the quality
of water

The present Pasteur-dominated mentality is satisfied if methods
of filtering and purifying water provide a guarantee that the water is
completely devoid of virus and bacteria. It is by no means certain,
however, that in that water:

L. The mineral equilibrium is satisfactory (this was dealt with
in the preceding chapter).
2, Impurities such as urochrome have all been eliminated.

Opinion of a world authority on nitrate in drinking-water

In a very complete, and also noteworthy, work published by
Taylor in 1958 on the subject of drinking-water analysis (370), not a
word is said about analysis of the urochrome contained in water.
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ik im izelf s distntbing, buot 0 fownd ether points even mme:
stzntiling.

Htindie stiessed thet the presenoe of mimane: in water is paslll
e preseme of wiadineme: becanuse both originate from the same
poliutiom, memelly badly filtered excrements which ane mot temoved
from the water. THis is what is confirmed by Taylor (370, p. 29),
who writes:

*INtredtes are present in most watens, but practically their only concerm
with putity and whelesomensss miars to considerations of pollution by
sewage or mamume, since they may be detived from the oxidation of
nitrogenows organic matter of animal origin.>’

The English specialist also writes in another connection (pp. 145—
146):

“The nittic nittogen occurring in watets used for dommestic punposes
vaties from 0'0 to 70-0 or more rag. per litre, though few waters are found
with either of these extremes. Nitrates are evidence of organic pollution.
Deep wells are known to yield waters which are frequently free from

nitrates, and the samples of water containing such large apnounts as 70 rag.
of nitric nitrogen per litre have been from shallow wells.”

What is rapidly dangerous for babies may be slowly dangerous
for adults

Since no one disputes the fact that some water may contain nitrate,
the question arises as to what are the danger limits for the nitrate
content of water. Taylor (370, p. 146) provides the following
information:

“Waters from many gravel beds comtain 20 or more mg. of nitric
nitrogen per litre, doubtless derived from manurial matter, yet such are
used for public supplies and are perfectly wholesome except for use in
making up artificial feeds for infants, when such water should mot be
um'm

This is an mmportant poiint: water aonteining 20 wy. and mare of
mitric mitrogem cam be ocomsumed by adults, bt mot by habies.
Indeed, when this water was used (74) to dilute comesnidrated or
powdiered millk for babies the imfants were afftaatsd by cyanesis (or
methsemoglobinasmiiz). These are desoribed @s “ilue watier halvies™..
The condiition sppears to ocour enly in babies under eigit weeks of
agre wiho zre mot [ressst-fed.

In my opimnion ane iis justified in wonderning witsfiher the inwediate
amd wisible effatt off such waetter an lebies may mot e @ diow and
iimsitlions, eunuitaiive efftert i the case off adulds. 1 oot witth 2am



So-called drinking-waler can upset agpper metabobicm 255

easy mind think off adults drimliingfor years water that produces such
serious effiects on babies after only a few days.

The urochrome content of drinking-water must be determined

In my opinion the greatest danger of water relatively rich in
nitrate does not liie in the nitrate itself. But this substance, as
Hettche or Taylor recognise, is indicative of an organic pollution of
the water supply and very probably of the presence of urochrome,
with all the grave consequences that entails. Minimum caution
requires that the estimation of urochrome in town drinking-water
supplies should be made obligatory.

Urochrome in tap water could be passed on in human or in
cow’s milk

The question of urochrome in purified river water or in water
from not very deep wells would look even more serious if Hettche’s
observations (155, p. 83) were confirmed. The Director of the
Hamburg Institute of Hygiene is of the opinion that urochrome in
drinking-water passes into milk, whether human or cow’s. Te my
mind he offers no definite proof, but nevertheless, he is probably
correct, because goitrogenic factors in a foodstuff (marrow stem
kale) fed to cows pass into the milk (see p. 82). It seems logical,
therefore, to suppese that a goitrogenic factor contained in water will
likewise pass into the milk. This question merits the fullest attention.

From modeen chemiecal analysis to the wisdom of the Vedas

There is, however, no cause for pamic. If it should appear that
some of the putifying and filtering plants in our large cities leave a
certain amount of urochrome in the water, it would be easy to
counteract the danger by adding a few drops of a copper salt to the
water. Like so many others, this problem can be solved, but only if
it is recognised and studied seriousty.

One would only be applying, in a different form, the advice given
thiee thousand years ago by that sacred book of Imdiia, the Vedas,
where we read (155): “If you are not certain of the purity of your
water, let it stand in a copper vase for two days before drinking it.”
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Relatvomship between goitre and cancer [fiwm
the geographical and elimatic point of view

Many obscure aspects of the relationship between the thyroid
and cancer of other organs

Teie many discussions and contradictory conclusions regarding the
possible correlation between goitre and cancer (of organs other than
the thyroid) were referred to above {see p. 215). The forms and
causes of goitre are many, as are the forms and causes of cancer.
There is a risk of comparing quite different “biological accidents”,
imagining that they are identical entities.

Geographical distribution of geitre and cancer in Holland

As regards the frequency of cancer, the following have already
been examined;

a geographical relationship: the iso-carcinoma map of Holland
(see pp. 231-234);

a climatic and seasonal relationship: the frequency of cancer
mortality as a function of month of birth (see pp. 243, 244).

There is also a map of endemic goitre in Holland, drawn up by
Hettche (155), and this is compared in Fig. 16 (facing) with the iso-
carcinoma map of Tromp and Diehl. One is immediately struck by
the fact that on the whole, despite a few scattered irregularities,
where cancer is frequent, goitre is rare.(#) The converse is also true,
though sometimes less obviously.

{*) Note that in 1954 (i.e., the same year as Hettche) Spencer (354) produced a
map of geitre in Holland which differs from that of the German professor. Spencer
did not try to compare his map with the iso-carcinoma map, biit attempted this
comparison instead in Great Britain and Switzerland. He eonchided that there
was a geographical correlation between endemic goitre and cancer, though 1 myself
could not distinguish it on the maps. 1 would rather have said the contrary was
true for Switzerland.

256
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Fig, 16. Frequency of cancer and goitre in Holland as a function of the

nature of the soil.

From Tromp and Diehl (373), and Hettche (155).
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Canecett famillies and geilnte Bamillizs

i quesiion of the geographicall relationship of goitne and cancer
its as contnowensiall as alll tihe other aspects of the sulhjpett.

[ willl nestriict myself, thensfine, to we petsonal reminzemes. [
have alteady referred tw my enquiry into goitie in twe neighbouring
villages in Bavaria, Aidling and Riegsee (see p. 211). The Riegsee
resident who was so ready to supiply me with statisticsl information
told me, when [ asked him, that he knew of several families in which
cancer had been frequent but which had never suffered from goitre:.
He quoted one family in particular in which the father, mother and
son had died of cancer, but whete thete had never been a case of
goitre, which was exceptional in this village.

“We are obviously short of widows with £ 100,600"

I the Tipperary area of Ireland there is a “goitre belt”, where
60 per cent of the girls were found to be suffering from simple
goitre, usually of Type I (palpable, but not visible). In a mari-
time zone, such as Galway, 0ii the other hand, goitre was never
encountered.

While on a lecture tour of Ireland I took the opportunity of study-
ing some of the questions connected with goitre and cancer. In this
work I had the valuable support of the Irish official services, for
which 1 should like to express my thanks.

In District X, where goitre is very widespread, my guide was the
young Public Health Inspector who had been in his job for only
three years, so he thought it advisable to call in the opinion of an
aged doctor who had been practising in the region for thirty years,
after a spell of ten years in Galway (area with no goitre). Both these
men were agreed in their reply to my questions: cancer was very
rare in region X. The Public Health Inspector remarked that he
had only had two certificates off deatth from cancer in three years, a
remark which brouglht the following confiinmation from the old
doctor: “1 had not paid amy attention, but it is @ fiect that in thirty
years here 1 have not llnand haiff the number off cancer cases that 1 had
im Galway im tem yemns”

And witlh that relentless Irish humour, in true Bemeard Shaw
tradition, that never misses @an opportunity, e turned to the young
iinspectior and saidl: “We lhave owarllosked this rareness of cancar iin
our regiom. The fact mwst e made pablic, and then rich widows, il
wiith theiir £ 100,000, willl come and retire here, safte lin the knowledge
et thhey cam and their days wiithoutt heing sttadkad y cancar. We
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are abviouslly sihont off rich widows. 'They mmnest mo llemgrer e reserved
sslkdly fior Eastbowme ™

The soill “contralls” goitre and cancer

These two personal experiences @re only isslaied instances and
cannot be considered @s representing @ rule. They appear, however,
to confiinm the phenomenon illistrated in Fig. 16 (p. 257). Caution
is necessary here, but it can be said that, in regions wiith a centedn type
of endemic goitre, cancer (*) appears to be relatively more rare.

There is no disputing that endemic goitre is closely correlated
with the soil, and so it must again be assumed that the soil “controls™
the firequency of cancer.

Month of birth and frequency of goitre

As mentioned above (p. 243), the astonishing fact has emerged
that cancer mortality may also be a function of the month of birth.
A curve of goitre among army recruits as a function of their month
of birth is available for the Mtnich region (Bavaria). When these
two curves are compared (Fig. 17), the similarity existing between
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Fig. 17. Feguenny of cancer andl goitte as a function of menth of bistth,
Froom Demmemrs (38) and) Mettodte (155, p. 86).

e (esperiallly im the case of the cancer curve for Viemsa) is trully
anmzazing:: mimimnwmm fhegueny of goithe as well as of cancer is fownd

among pensons hom im Jully-Auguss, meximum frequenrny among
ttnse: boimn in December-Jpamsy:.

() TTtiss nedfenss, off crunsss, tor aameenr off @ithen engearss them ttee tthyyoidd.
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Parallelizm aiidl canthesit hetwessn gaittie and eanoser

o gerrnadl stetenment camn e based] om tthese o singlke compenisanss
of ttie: pamiitize ar nmagaive comelkiiom hetwesm goitne: and carenr. [t
cam e said, fowever, that tie following oSl pioblkan (Gum-
nsritsed] weny Bonisdily) anises::

1. A soil factor that favowns endemic goitte is wivouailk: to
cancer; or comvenssdly, a soill facter that promutes the develop-
mment of endienmic: cancer testriins the: developraent of goitte.

2. A factor, seasonal in chatacter, favowrs, during the life of the
feetus or suckling of the infant, bothh endemiic goitre and cancer.

im other words:

in the case of the soil, the correlation is regatiise;
in the case of the climate, the cortelation is gositize.

It must again be stressed that these conclusions ate valid only in
the particular circurastances under which these observations were
made.

Protection against cancer begins in the soil

Everything said in these last few chapters confirms the influence
of the soil and the water emerging from it on the frequency of cancer:
which, of course, does not signify that the soil is the only factor that
controls cancer frequency. But what must be said, and said again, is
that “protection™ against cancer begins in the soil and depends
therefore on the way in which the lafier is treated and cultivated.

If the soil 35 overlooked in studies concemed with “protection™
agaiinst cancer, no progress can possibly be made. This is affmft
fundamental that, before reaching the final conclusions of thisswork,
reference will be made to a very recemt American study which tried
to discover why @ group of human beings had been “protected™
agrainst canoer but cowlld mot arrive o any condiusiom; it ad forgotten
the swil.



CHAPTER 65
W/ hen cancer is studied and the soil forgotien

The soil is a subject much neglected in Medical Faculties

THE attention of doctors is not greatly attracted to soil questions. It
might even be said that at the present time all over the world medical
scientists are engaged in investigations without giving thought for
one moment to the fact that the food being consumed by their
patients, or future patients, is produced by a powerful machine,
widely distributed throughout the world and known as: the soil.
Even if this question of the soil is less neglected in veterinary studies,
it still does not receive all the consideration that it should.

Navajo Indians are rarely attacked by eancer

A typical and very interesting example may serve to illustrate the
extent to which the soil is neglected by modern medical science.

There is a tribe of Indians in the United States, the Navajos, who
live in a reserve steaddling the States of Arizona, Utah, Colorado and
New Mexico. This area, some 15 million acres in extent, supports a
population of 80,000 Indians, among whom, as the doctors in the
hospitals in the “Navajo Reservation™ observed, cancer is extremely
tare (208 cases out of 60,000 patients exarnined).

Vast resources harnessed to study the autrition of the Navaijos

It was rightlly thought that their feeding was what “protected”
these Indizms against cancer, and so it was decided to investigate this
aspect thooughly. Dezens of scientists—doctors, biochemists,
dietitians, etc.—from the Vanderbilt Umivetsity (Tennesses), the
Departments of Health of Arizona and Manyland, ete., were grouped
together for this puipass:.
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Meitihiing specizll foumd in the dist

e nesulils of the enguiny were puillished im 1956 im a lange
volunne (82), the cutoene of a noteworthy investigation caried ot

The conclusion reached was that the diet of the Nevajes was
hardly amy different from that of other sections of the populbtion
and tihat it must be assumed that it was a different racial characteristic:
that conferred a special resistance to cancer upon these Imdizms. [t
was stated:

“im view of the well-recognised differences between racizl groups im rate:

of incidence of cancer and other disease, it may logically be hypotihesised
that a genetic influence is a more likely explanation than a dietary one,”

The question of the soil producing the Indians’ food was
completely overlooked

Thiis conclusion may be correct, but it would be easier to accept if
all the elements involved in the diet had really been examined. Not
the least attention was paid to the nature of the soil in the Reserve
producing most of the food for these Indians, and in all this long
report there is not the slightest reference to the nature of the soil or
the methods used by the Navajos for its cultivation. Among the
many branches of science represented by the team of investigators, 1
found no mention of agronomists or soil scientists.

The Navajos burn trees and add the ashes to their flour

The Navajos, however, seemed to have some idea that they were
formed firom the “dust” of their soil and that it was as well to add
some of this on occasion to their maize flowr. What they do is to
burn cedar branches and mix the resulting ash with maize flour.
Thus they are adding “mineral supplements” from their soil to the
filowr. As it is also stated (82, p. 9) that they supplement their home-
produced commodity with fitewr bouglht in firom other regions, it is
possible that instinct has made them aware off the advantage off
adidimg this “dust” firom their o soil to fosdstuffs that comes firom
outside amd lhak itt.

The wiatier dirnilk by tihe Navajes was not talken inde
consideration

Anotfver poimt wiich stuck me zbowt this eoguiry was the
question off tive wetar. The Amaican imwesiigetars diidl mote (&2,
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p. 20) that the almost exclusive drink consumed by this tribe was
spring water. But 16 details at all are given about the composition
of this water, particularly its mineral equilibrium. AH that can be
said here is that it did not cause goitre, because goitre is practically
unknown among the Navajos (82, p. 51).

The assumption must also be made that even the drinking-water
for the animals was extremely pure, because the report states (82,
p. 27) that shepherds rarely carry water with them and drink at the
watering-places used by their sheep.

Be that as it may, the rdle that water might possibly play in the
resistance of the Navajos to cancer was not considered, although the
reader’s attention has already been drawn to the enormous im-
portance of the mineral equilibrium of water in resistance to cancer
(see pp. 245-~-250).

Dietectics will progress only when the soil providing foodstuffs
is taken into account

This very recent study carried out by the most eminent American
specialists using the most modern scientific methods has been
described in detail because it is difficult to find an example more
characteristic of the point stressed at the beginning of this chapter:

“Medical scientists are engaged in investigation without giving thought
for one moment to the fact that food is produced by a powerful machine,
widely distributed throughout the world and known as: the soil.”

It is time, as I made clear at the very beginning of this book, that
the entrance to every Faculty of Medicine in the world bears above
its gates the inscription:

“Remember that you are only dust.”

Foodstufffs are studied without considering the machine that
manufactured them: which is tantamount to looking for the causes of
a defect in a casting and not taking into account the blast-furmace or
the raw material used in it.

Dietitians can prescribe all the diets they like. The results will be
unpredictable until such time as the soils that preduced the con-
stituents of the diets are taken inte account. Dietetics will pro-
gress and ‘Protective” medicine will be effective only when it is
rermembered that the soil mmakes both the food and the mam (see
pp- 23, 24).



CHAPTER 66

From grass to the “protective’” medicine
of tomorrovw

The “dusts™” of the soil control the metabolism of the cells

Grass made it possible to obtain a “biochemical photograph” of the
soil, showing clearly that the mineral elements of the soil control cell
metabolism in the animal and consequently also the latter’s vigour
and health. On pursuing this study further it was found that the
“dusts™ of the soil likewise control the proper functioning of the
cells in Man. Thanks to grass, therefore, the great importance of
the health of soil for the health of Man has been revealed.

Diseases are created chiefly by destroying the harmony reigning
among the elememts of the soil

What must never be forgotten is that diseases are created chiefly
by destruction of the harmony existing between the soil elements.
The great tragedy of modern techniques is the complete disruption
of this harmony by new cultural methods. Karl Jaspers, my Professor
of Philosophy at Heidelberg University when I studied there, often
spoke, and with good reason, of “Die Démonie der Technik’ (the
demoniacal character of the technical). This “Dé&monie” brings its
ravages to bear above all on the soil, the very basis of human life, and
it will be the task of all agronomists, veterinarians and medical
scientists of tomorrow to apply their skill to re-establishing the
harmony in the soil that the “Démonie der Technik™ has destroyed.

“Biclogical suicide” by the masses in the citles

The importance of this harmony among the soil elements grows
day by day as the agronomic methods being practised threaten to
throw out of gear the mechanisms of the human cell.

Increasing human population and the enormous pressure being
exerted by organised masses of city-dwellers on powerless agri-

264
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cultural communities are gradually reducing the agricultural popu-
lation, which is forced constantly to increase its output, producing
more food, more cheaply, without any thought for its biological
values. This result can be achieved only by the use of ever-greater
quantities of mineral chemical fertilisers. It is impossible to go back
(386, 387), and it would be undesirable, as has been shown above by
the many examples of the beneficial effect that fertiliser dressings can
exert on the plant and on the animal. The fertiliser, however, must
be applied jiudiciously—winich it is not at present. Tadly, indeed,
three times as much of all the elements in the soil is being removed,
but generally only ffour, or at the most seven, of these elements are
being replaced.

The serious consequences of applying laege quantities of nitro-
genous fertilisers to a pasture over a period of fifteen years were
referred te above (pp. 35-38).

The voice of the great Alexis Carrel

This seems a suitable point to draw attention to what was written
by a great French scientist more than twenty years ago. In his book
L"Homme, cet fnconnu (Man, the Unknown), Alexis Carrel, a Nobel
Prize-winner, writes (61, p. 136):

“Chemical fertilisers, by increasing the abundance of the crops without
replacing all the exhausted elements of the soil, have indirectly contri-
buted to change the nutritive value of cereals.”

It can be said in more general terms that these changes affect
cereals as well as grass, carrots and peaches.

The great task of “protective” medicine is to discover such changes
in order to remedy them: for example, by the more judicious use of
mineral fertilisers, and particularly by widening their scope so as to
prevent impoverishment of the soil upsetting the metabolism of the
human cells.

Only thus will the increasingly rapid development of the “diseases
of civilisation”, namely, cancer, nervous diseases, thrombesis, etc.,
be halted. Only thus will the premature ageing of the cells of certain
organs be arrested.

Protection against eancer is much more important and effective
than cancer therapy

This appeal by the French scientist, who has now passed from the
scene, is supported by a statement made by Professor Bauer, surgeon
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at the University of Heidelberg,(*) and one of the greatest cancer
specialists in Germany, In 1949 he published a large work entitled
Das Kiedisproblem (The Cancer Probfem) (30), which today is still one
of the most complete encyclopeedias on the subject. On p. 654 of this
book he writes:

“The rdle of nutrition in pretection against cancer (Kiaibsverttitwng)
has recently been confirmed by new observations (see pp. 183 and 186).
We are justified in concluding that nutrition, whatever its nature, can jfarcoar
cancer or on the other hand protect against it."

Four years later at the Cancer Congress in Freiburg-im-Breisgau,
Bauer emphatically stressed these same conclusions (31, pp. 254-
255).

“Methods of protection must henceforth occupy first place in the
struggle against cancer, a place well in advance of therapeutic methods.”

The last hope of a great surgeon

It is not without a trace of sadness, and a very impeessive sadness,
that the great cancer specialist confides his conclusion to his audience
(31, p. 255):

“For twenty-five years 1 have devoted every day of my life to the
struggle against cancer. Twoday I am forced to admit that, whatever the
difficulties in the way of its realisation, I place my last hope in protective
measures against cancer (Fell setze die letzte Hofftiding anf Massnahmen der
Kredfsverhiitung).”

These words were spoken in 1953 by an eminent surgeon, by one
practising a science which alone perhaps has allowed perceptible
progress to be made in the therapeutics of cancer.

Struggle with the causes instead of merely curing the
consequences

Bauer’s conclusion is exactly that of this book: the primary aim
must be to protect, that is, to grapple with the causes, rather than to
concentrate on curing the disease, which, after all, is only the
consequence. Attention must be concentrated particularly on the
principal factor in this pretection: nuteition and the soil that creates
the food.

(*) See p, 185 for another quotation from Bauer.
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Pliillosophy off grass and of life

This is the scientific philosophy that 1 have evolved for myself
through watching my cows at grass. Grass reveals with dazzling
clarity a truth which must never be forgotten:

The soil must be kept in good health if the animal is to remain in
good health. The same is true of Man. Seil science is the foundation
of protective medicine, the medicine of tomorrow,
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186, 187, 200, 261, 262, 266

— relatlonship to phosphoelipids, 181

— and perphyrias, 165, 166

— telatlonship to petassium, 54, 56,
238, 239, 242, 243

— rble of the properdine system, 55,
56, 135, 136, 170

— of the prostate, 90, 91

— its protection and cure, 220-222,
265, 266

— respiration of the cell, 167, 168, 175—
177, 178-182,199

— and riboflavin, 184, 185, 220

— relationship to siliea, 237, 247, 248

— relationship with the soil, 136, 187,
200, 218, 219, 223-230, 231-234,
235-240, 241-244, 256-258, 261-
263, 266

u—rdle of sulphydryl groups, 181,
182, 200

— relation to the thyreid, 215-219,
221

— andwiris, 129, 175-177

— and vitanins, 184, 185, 220, 243

— relation to water, 230, 243, 244,
245-250

— sensitivity to X-nays, 169-171, 197

— relation to zime, 90, 91, 228

(see also Leukemia, Leucosis, and

names of organs affected)

Carcinogenic stibstances, aze dyes,
;88, 185, 186, 190, 200, 230,

S

— benzpyvene, 182, 184, 185, 230, 250

— butter yellow, 173, 183, 186

— defence against by eopper,
187

— dibenzanthracene, 221

— necessary legislation, 190

— tble in nutrition, 183185, 188, 189

— tars, 167, 176, 185

— toxie effeets (toxicity), 188-190, 230

Carbohydrates, 85, 87

Carcinoma (see name of type and
cancer)

Cardiae diseases, 54, 72

Caries, dental, 204

Carotene (provitamin A), 14-16, 95,
203, 209, 212, 213, 243

Carrots, 14, 15

Casein, 119

Catalase, in alge, 172

— and altitude, 174

— In the blesd, 28, 103, 111-114, 140,
156, 164, 171

— in Brucella, 155

— rdle in canecer, 133, 134, 163-166,
169-172, 174, 176, 199

186,

Fadex of Subdjects

Catalase, content of caneerous eells,
165, 166, 170

— relation to copper, 111-114, 117,
158-160, 179, 199

— in erytiroeytes, 164

— and joot and Piauth disease, 140

— general aspects, 112, 138140

— its heme, 112, 125-127, 154, 163-
166, 168, 177

— and hydvogen peroxide, 112, 138—
140, 142-144, 153-135

— in immunity, 106, 125-127, 142—
144, 153-154, 158

— relation to iron, 19, 20, 112, 166

— in leueoeytes, 103, 156, 164

— content of the liver, 113, 114, 161~
164, 195, 199, 230

— in plants, 19, 20

— and radioactivity, 172

— in relation to the soil, 19, 20, 112,
159, 160

— and Sweptneeccus heevalyticus, 142-
144

— effect of taxohermone, 164, 165

— in tubereulosis baeillt, 153, 154

—erble in periodic oral uleerations, 142—
144,155

— in relation to viFus, 137-141, 175-177

— and resistance to X-rays, 167-169,
197

Cells (struggle for existence between),
153-155, 156, 157

Cephatin, 181

Chalk (soils) (see Calcareous)

Chelate, 101

Chemicasl analysis, general aspects,
25-2

— limitatians, 12, 17, 25-28, 32, 44, 53,
62, 69, 77, 229, 249

— raising the status of, 27

Chenrnicalijtv, 188

Chemist, 25-28, 194

Chemotherapeutie, 152

Cheshire, 226

China, 184

Cholesteral, 58, 73

Choline, 195

Clay, 43, 223, 224, 232, 233, 236, 248

Climatie conditiens, 43, 211-213, 256—
260

Clover, red, 62, 66

Clever, subtettanean, 61-64

Clovet, white, Alberystwyth S., 77

—-——Cepasivgeidats, 777729

——carptesgeoanienit, 165

———campasilitsy, 15, 788-80

___2@{[&@0'!& oitarnmtesr, 729, &80, 683,
03
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Clover, white, iodine content, 80, 203

— — Kentish, 78

— —Ligifieg, 485,777

——madipbldenanonnt eerit, 485

—— N'¥tes ZEaddamed, 777, T8%

——aqestragen: Gty G5

nedassitm carenit, 477

Clover (white sweet), 45

Cobalt, 86, 98, 101, 116

Cocarboxylase, 16

Cocksfoot, 15, 66

Coenzvme, 111, 154

Cold, 120, 122

Colen, 238, 239

Colorado, 153, 261

Columbus Penitentiary, 55

Complement, 56, 93, 94, 104, 105, 106

Contagious abortion, rble of catalase,
155

eI Hibde O 8, 9B L001

(see alse Brueella, Malta fever)

Convulsions, 53

Coonor, 23

Copper, in relation to aiuemia, 115-116

— balance cannot be estahlished, 201

— content of blood (blood serum), 35—
37, 40, 59, 60, 75, 98,120-123,125~
127, 129-134, 198

— rble In bone fhactnes, 13, 32-34

— in eaomdoplasmin, 122, 123

— rdle in caneer, 59, 129-134, 178—
182, 186, 187, 195-198, 199-201,
226, 227, 228, 233, 242

— protection against carcinogenic sub-
stances, 186, 187

— influence on catafase, 111114, 117,
158-160, 179, 199

— its chelates, 101

— colloidal, against cancer, 196, 197

— fellLast(l;on to eytochrome oxidase, 178-

— deficiency and Its consequences, 64

— in elecirocuprol, 197

— In enzootic ataxia, 73-75

— in enzymes, 30, 33, 34, 178, 179

— influence onf@rtility in animals, 13, 31

=— variations in fever, 120-124

~— in ffour, 53

— content of grass, 75, 101

— and heemalysis, 189

— indispensable for heme synthesis,
115, 116, 126, 127, 168, 200

—tole in immunity, 112, 120-124,
125-128, 144

— and invertase, 227, 228

— close relationship with jron, 115,
116, 126, 127

— and jaundice, 189

— in the liver, 27, 40, 69, 75, 116

293

Copper, and magnesitim, 59, 60

— and eell metabelism, 29-31

— lts general mobilisation, 125-128

— antagonism to molybdenum, 26, 34,
122, 201

— In the formation of myelin, 73, 74

— deficiency caused by nitregenous
fertilisers, 3540, 64

— and okioms, 192, 193, 226

— and piresphoelipids, 181

— in the pituitary, 98

— parallelism with properdine, 135, 136

— protection against eancer, 186-187,
195-198, 230

— and “raide” in lambs, 75-76

— and respiratery mechanisms, 178-182

— in soil, 27, 32-34, 74, 75, 187, 224,
226, 227

— and sulphydrvl groups, 29, 30, 181,
182, 200°

— in “teart™ diartficea, 45

— cancer therapeutie, 195-198

— toxicity, 189

— and urechrome, 201, 253

— in relation te drinking water, 249,
251-255

— antagonism to sime, 91, 201, 228

Coproporphyrin, 165

Corpuscles, red (erythrocytes), 111,
126, 132, 164, 165

Corpuseles, white, 103, 107, 108, 113,
132, 156, 164

(see also Phagocytes)

Cortex (adrenal glands), 107-109, 150—

152

Cortieostimulin (see A.C.T.H.)

Cortisone, 104, 107, 108, 150, 151

Cow parsnip, 15

Cretinism, 83, 84

Cross linkage, 29

Cyanegenetic gluceside, 78

Cyanesis, 254

Cysteine (or cystine), foiwwuta, 6

— content of plants, 10-13

(see alse Stilphydtyls)

Cytechrome, 180, 181, 199, 200

Cyiochrome oxidase (or respiratory
enzyme), in relatlon to eaneer, 168,
199, 200

——aatld coppesy;, 1783, 1799

——ssdssafladbatramoncogem , 1783

——aividhepres, 1683

~——aaadi¥esy, 1655, 1788

— = in the liver 179, 180

- —-agvticir 8t editoe, 1788

Czeeheslovakia, 155

Dahlem, 169
Dandelions, 65, 66
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Defence, antimienathiad, 125-128

Defence, non-specific (see Dmmnumiby,

spmgic (see  Immomumiity,
spegiific)

Deficiency diseases, 184, 190, 192

Demyelination, 73

Deph@s&uyiatwm 176

@@mrent, 224

Detroit, 186

Diabetes, 85-88

Diiarrteea, 13, 4146, 95

Dibenzanthracene, 221

Dietetics, 193, 194, 261-263

Diphemylthiocarbazone, 87

Diphitheria, 121

Diseases, infectious (see Fever, im-
munity and the name of the in-
fection)

Diseases (venereaf), 39

Disulphide, 29

Dithionate, 143

Dithizone, 87

DPublin, 56

Duke University, 173

Dutharn, 27

Dusts, 1 2, 4, 87, 89, 91, 96, 97,
un, 123 159 ]1@2 262 264

Ehrlich carcinoma, 196

Electro-cuprol, 197

Electron, 178

Embolism, 57

Enocarditis, 121

Endocrine srstem, general aspects,
72, 107-110

— and thyroid, 107, 108, 203, 204

— and resistance to tuberculosis, 150~
152, 161

Energy {coupled with respiration), 167,
176, 181, 196, 200

England, English (Great Britain), 2,
31, 40, 41, 51, 60, 75, B1, 144, 1
195, 217, 223, 224, 245, 256

Enzootic ataxia, 73-76

Enzymatic (mechanisms) {see Enzymes)

Enzymes, and complement, 93

— their constitution, 111

— witth oofper, 30, 33, 34, 178, 179

— d@fn%wiue, 106, 110, 112, 123, 12%-

Zthme

— hydrolyzing,

— with dromn, 9 20 112, 166, 168, 178

— as a function off soil mineral e!lements,
B, 13, 20, 3D

— negphaiony (see Cytochrome axidase)

— im swil, 227

1086,

Ihdlx of Silfjgets

Enzymes, and sulphydiyl giougs, 181
— and vitaming, 19

— of diusrs, 175 176

Epithelioma, 163, 184, 195, 196
Epitietivem, 204, 205

Erytinecytes (see Corpuscles (red))
Erytinonyeleblastic (leucesis), 175
Erythnayoisis, 116, 126
BEuglobudin, 106

Eutope, 183, 207-210
Everglades, 32-34
Extract, beiled turmour, 164

Fanmilies (with cancer and goitee), 258

Far East, 184

Ferug, 130

Fernaent (see Enzyme)

Ferrment, yellow (see Rllmﬂavm)

Fertility ‘of soil and animals, 68-71

Fertiliser, basal, 39, 40

Fertiliser, minetal (see Minetal)

Fertiliser, nitiogeneous (see Nitio-
genous

Fettiliser, organie (see Manure; ofganie,
liquid)

Fever, general aspects, 102,120,121,135%

— Malta, 98, 55

— milk, 49, 50

Finistére, B41

Flavone, 63

Flexner-Jebling eareinoma, 197

Florida, 26, 32, 226, 229

Flour, ealelum content, 53

— protection against cangex, 185

— complementing, 53, 262

— composition, 52, 53

— capper content, 53

— iron eontent, 53

—amagnessisn content, 52, 53

— and the Navajes, 262

— potassium content, 52, 53

— riboflavin content, 1B4

— thiamine comtent, 184

— protection against typhus, 95, 96

— white, 52, 53, 96, 184, 185, 208

— zine content, 53

Feetus, 73, 74, 92

Fog, 211-214

Folic acid, 72

Follicle, of the thyroid, 83, 204, 252

— off wool, 29, 30

Foot-and-mouth disease, 1137 140, 141

Foid, Henty (Hospital),

Fractures, bone, 13, 32-34

Franee, 1, 78, 84, 141, 151, 196, 205,
208, 2411, 253

Frankfurt, 102

Ffejbufg=lt1-Brelsgau, 120, 129, 266

French Cﬁwmmm, 196
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Frosts, 44
Fruetese, 227
Fruit, 191-193

Gall bladder, 158

Galway, 258

Gastric cancer, 130, 223-230, 238, 241

Gastironome, 194

Geisenheim, 191

Genistein, 62, 63

Geogtaphy, of cancer, 173, 256-259

— of goitre, 257-259

— Society of Patitologieal, 234

Gerontology, 89

Germany, 148, 182, 185, 191, 195, 207,

243, 247, 259

Giessen, 16

Gingin rickets, 73

Glasgow, 129

Glueagen, 85

Glueldes, 16

Glueose, 78, 85, 87, 227

Glucesides, 62, 78

Glyeogen, 85

Glyeolysis, 167

Glyecosuria, 85

Gneissie (solls), 140

Goitre, and the adrenal glands, 202

— in Bavaria, 207-210, 214
ngglatien to eancer, 215-219, 256~

— in Central Europe, 207
— influence offfug, 212, 213
— its various ffurms, 203, 207, 215, 217
graphy of, 256-259
-—'aﬂ hemeralopia, 205, 206, 208
— in Helland, 251, 252, 256, 257
— and the hypewcalmam 202
— in relation to iedine, 80, 82, 83, 202,
" 2([)3 207, 216, 251 252
—in
— and the nw, 202
— caused by marrow stem kale, 82-84,255
— eaused by certain milk, 81 -84,208,209
— as afunction of monthof birti, 259,260
— nodular, 207, 215
— diffuse pavenehyumm 204, 215
— and pitditary, 202
— in relation to the seil, 2, 257, 259
— in Tasmania, 82, 83
— caused by thioeyanate, 79
— and topography, 211, 214
— caused by urochrome, 216, 253-2355
— caused by vitamix A deficieney, 202~
206, 209, 210,241-213, 2%
—and water, 251-25
— caused by certaim witiie elovers, 80,

203
(see also Mhyrainl)

Goitrogenic {(sae Goitre)
Grain, 16-19
Granitic (soils), 140
Grrass, @mino-acid composition, 7-9
— difficulties in analysing, 27, 62
— makes possible the bioohemioal photo-

graph of the soil, 2
— valluable aid in the study off cancer
— caloiwm comntent, 47-50
~— carotene comtent, 14, 15

— copper content, 74 75, 101
— from leys, 45, 46
—_ magnemm content, 47-50
%anese content, 68
um content 4%—44

— ms:tmmm content, 65, &
— philosaply of grass, 267
— potassium content, 47-S0
—and the protective medicine {(of

tomorrow), 264-267
— relationship with the soil, 21
Great Britain (see England)

Heematopoiesis (see Erythropoiesis)

Hemoblastosis, 131

Hmmoglobm, 112 113, 115, 116, 126
127

Heemolysis, 189

Hemorrhage, 120, 126

Hamburg, 251, 255

Hay, 44

Heidelberg, 182, 264, 266

Heme, and cancer, 163-166, 176

— in catalase, 112, 125-127, 154, 163—
166, 168, 177

— copper essential for its synthesis, 115,
116, 126, 127, 168, 200

— in eytockrome oxidase, 178, 179

— iron in its molecule, 112, 168

— synifiesis upset in the cancer sufferer,
164-166, 168

— in the tuberculosis bacillus, 154

Hemetalopia, 205, 206, 208

Hepatoma, 163, 183

Helland, 35, 37, 40, 49, 145, 187, 230,
2%%—234“ 242, 246, 248, 251, 256,
2

Hommeeopathy, 219, 222

Hormene, of plant growti, 6

-—mleoin non-specific immunity, 107—
11

-— somatotropin, 150, 151

— thyroid (thyroxine), 108, 109, 203,
205, 218, 253

— Tiyretwepin, 108, 109, 204

— and resistance to tuberculiosis, 149

Hiuonher, 224

Humns, 226, 2440

Hydeeyamic acid, 79
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Hydrogen peroxide, as an antibiotic,

— action on the bleod, 142, 143
— and eancer, 170, 171, 176, 177
— in relation to catalase, 112, 138—
140, 142-144, 153156
— and radioactivity, 172
— and us heemolyticus, 142-
144
— in oral uleerations, 142-144
— and virus 138, 139, 158, 176, 177
— and X-ays, 169-171
(see also Catalase)
Hydroxylamine, 139
Hyperglycaomia, 85
Hypezrgmeism, 56, 94, 202, 207, 215,
(see alfso Thyroid)
Hypeocuptasis (see Copper)
Hypoglyemia, 85, 86
Hypothalamus, 202
Hypothyreoidism, 207, 215
(see also Thytoid)

Ignition (soif loss on), 225, 226, 228

Inmmnumity, non-specific, opinion of
Alexis Carrel, 136

— rble of catalase, 106, 125-128, 158—
160

— in relation to copper, 125-128, 136,
159

— general aspects, 102-106, 158, 159

— role of hormones, 107-110

— governed by nutrition, 136

— rdle of phagecytosis, 103, 104

— réle of properdine, 104—106

— governed by the soil, 136

— specific, rble of catalase, 142-144

= rble of capper, 144

— general aspects, 92-94, 153, 154, 158

— governed by nutrition, 95-97, 162

— govezmed by the seil, 95-97, 141,
16

India, 19, 23, 24, 82

Indole-acetic acid, 6

Instinct, animal in Man, 193, 194

Insulin, antagonism to glucagon, 85

— secretion by the pancreas, 85-88

— relationship with siwne, 86, 87

Intestine, 79, 116

Invertase (saccharase), 227, 228

lodine, and goitre, 80, 82, 83, 202,
203, 207, 216, 251, 252

— utilisaion prevented by thiocyanate,
79

— and thyroid, 202, 203

= comtent of white clover, 80, 203
Ireland, 56, 258

Iron, and anetmia, 115, 116

Fndex of Suldjects

Ikem, in the bleod, {blood seruen), 120,
121, 125, 127

— and caneer, 129-134, 198

— in catalase, 19, 20, 112, 166

— close connection with eopper, 115,
116, 126, 127

— and eytechrome oxidase, 168,178

— in respiratory enzymes, 178-181,
199, 200

— in ffour, 53

— in the heme, 112, 168

Islets of Langerhans, 85-88

Iso-carcinoma, 231, 256, 257

Isoflavones, finmulhe, 63

— eestrogenie action, 62

(see also Biochanin, Genistein)
Isoniazide, 153, 154

Japan, 87, 137, 142-144, 153, 164-
166, 168, 173, 174, 183

Jaundice, 189

Jensen sarcoma, 163, 164, 180

Johannesburg, 57

Jurassic (soils), 43

Kale (see Matrow stem kale)
Karlsruhe, 57

Keratin, kératinisation, 29, 30
Ketone, 78, 85, 139
Keochsaft, 164

Lactie, aeid, 108

— bacteria, 156, 169

— mentation, 167

Lactobacilli (see Lactie bacteria)

Lactobecillin, 156

Ladine, white clover, 45, 77

Lamkruis, 73

Lancet, The, 234

Langerhans (see Islets of)

Lead, 188

Lecithin, against caneer, 181, 195, 196

— conposition, 181

— in nerves, 73

— in pheospholipids, 181

Legislation on catcinogenic substances,
essentials of, 190

Legume, 22

Lespedeza, 22, 23

Leucine, 9, 95

Leueacytes {see Corpuseles (white))

Leucosis, 175

Leukemia, 129, 1381-133

Leys, compesition of grass, 45

— steritity of grazing stock, 45

— favowr tetany, 49, 51

Lias, 43, 237

Lidge, 217

Lille, 153, 215
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Limestone (see Calcareous and Caleium)

Linamatase, 78

Linamarin, 78

Lipids, 73, 181

Liverpool, 196

Liver, carcinogenic effect of buster
yellow, 173, 174, 183, 186

— calcium content, 239

— and eancer, 130, 163, 173, 174, 183,
186, 196, 221

— catalase content, 113, 114, 161-164,
195, 199, 230

— hiﬂ‘lﬁmppef content, 27, 40, 69, 75,

— and goitre, 202

= mangatiese content, 68, 69

— phesphelipids content, 181

«— potassitm content, 239

— relation with thyreid, 202

Living theory of utilisation of mineral
elements, 5

Lodging, of cereal crops, 39

Loess, 232, 236

Loir-et-Cher, 141

London, 3, 180, 213, 223, 245

Lortraine, 205

Lotaustralin, 78

Louvain, 184

Liibeck, 207

Lucerne, 8, 10-12, 21-22, 45

Lungs, 130, 148

Lysine, 9, 23, 95

Lysozyme, 103

Madrid, 40

Magnesium, in relation to adrenal
(glands), 56

— influenece on the animal, 22

— content of the bloed, 56, 57, 60

— antagonism to ealeium, 54

— in relation to eancer, 56, 58, 59, 198,
201, 237, 247-249

— relationship with chelesterel, 58

— influence on plant cempesition, 22

— in relation to eonvufsions, 53

— In relatien to copper, 59, 60

— in ffioar, 52, 53

— eontent of grass, 47-50

= antagonism to potassium, 47-53, 54,
242, 243, 249

— réle in the properdine system, 55, 56,
105, 106

— content of the soil, 248, 249

— rdle in grass tetany, 49-52

— in relation to thyvoid, 56

—_ m water, 247-249

262
Malta Fever (see Fe\m)
Man (relation to seil), 1,

297

Manganese, réle in contagious abar-
tion, 98-101

— and caneer, 248, 249

— in grass, 68

— in the ovaries, 27, 69

— in the pituitary, 98

— influence on sterility in animals, 31,
68-71

— in water, 247-249

Manure (I:quxd), 15, 51, 66, 67, 252, 253

Marrow stem kale, 8 1-84

Maryland, 261

Meadow fescue, 66

Medicine, protective, 2, 28, 52, 88, 91,
B36, 141, 149, 172, 190, 193, 220,
250, 263, 264-267

Mesenchyme, 131

Metabolism (see the various questions
associated therewith)

Metastasis, 55, 218, 240

Météorisation (see Bloat)

Meteorological conditions, 43, 44, 211~
214, 256-260

Meth®meglobin, 143, 254

Methionine, formvula, 6

— and molybdenum, 13

— content of plants, 10-13, 21-23

Michigan, 100

Millet, 16-18

Milk, transmits antibodies, 92

— in nutrition of Bavarian peasants,
208-209

— low copper content, 46, 113, 115,
117-119

— with a goitrogenic factor, 81-84

— molybdenum content, 46

— in relation to its origin, 117-119

— produetion, 37, 38, 65

— biological value of its protein, 118,
119

— from pulp, 76

— effect on raide in lambs, 76

— from silage, 76, 118

— skimmed, 96

— thiamine content, 19

— in relation to tuberculin, 145, 146

— and urochrome, 255

— witamin A content, 209

Milk calf (deficient animal), 59, 60

Mineral (element), available portion
in food and soil, 26

— influence on enzymes, 19, 20, 111,
112

— inlf:lluence on. cefl metatbolism, xvii, 2,

It

— influence of soil element on plant
organic matter, 4-9, 10-13, 14-
20, 96

— equilibriuen in the soil, 58
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Mineral (element), influence of soil ele-
ment on plant vitamins, 1420, 95

— and drinking water, 247-249, 262,
263

Mineral (fertilisers), influence on the
animal, 21-23, 64

— influence on plant carotere content,
14, 15

— influence on plant composition, 4-9,
10-13, 14-20

— are essential 39, 64, 265

— must be used jadkeiously, 20, 50, 51,
64, 265

— in relation to quality of agricultural
produets, 20-23, 192, 193

— influence on vitamin A content of
the blood, 14, 15

— influence on plant vitamin content,
14-20

(see alse Nitrogen, nitrogenous (fer-

tiliser), phosphate, phosphorie,
potash)

Minneapolis, 53

Misseiiri, 5, 22, 99, 100

Mist, 212, 213

Moisture (of soil) and cancer, 241-243

Molybdenum, and ¢ in, 122

— antagonism to copper, 26, 34, 122,201

— cause of "“teart” diariihoea, 4245

— in grass, 4244

— in young ley grass, 45

— and methionine, 13

— in the soil, 43

— and sterility, 45

Moelybdadivanadate, 53

Month of birth, and cancer frequency,
243, 244, 259, 260

— — and goitre frequency, 259, 260

Moenteeal, 107, 150

Mosaic (virus), 138, 139

Muck, 193, 226

Mucous membrane (intestinal) (see
Intestine)

Mulberry, 138

Munieh, 87, 208, 227, 259

Muscular (metabelism), 54

Museum of Natural History, Paris, 205

Myelin, 73

Myocardium, 54

Myxcedema, 207, 217

Nagoya, 173

Naney, 205

Naphthylamine, 189
National Library (Paris), 208
Navajos, 261263

Netves, 73, 74

Netherlands (see Halland)
New Mexico, 261

Fadex of Sudjeets

New York, 55, 96, 193, 197

New Zealand, 77-80, 122, 221

Nickel, 86

Night blindness (see Hemetalopia)

Nittate, 20, 143, 250-252

Nitrite, 139

Nitrogen, analysis of, 12, 25

— by Kjeidalil methed, 25

— in plants, 9, 11, 12, 25

(see also Nitrogenous (fertilisers),

niteate, nitrite)

Nitrogenous (fertilisers), cause ecopper
deficiency, 35-40

— influence on plant composition, 8, 9,
16, 18, 20

— are essential, 39

— and grass tetany, 51

— Influenee on ledging in cereals, 39

— influence on oxalic acid in spinach, 20

(see also Nitrogen, nitrate, nitrite)

Nittoprusside, 30

Norikura (Mount), 173

Normandy, 1, 205, 223

Nucleo-protein, 137, 138, 158, 176, 177

Nutritien, limits of analyses, 26, 193,
194

— and caneer, 183-185, 186, 187, 200,
261, 262, 266

— relationship with immunity, 95, 97,
136, 162

— origin neglected, 117-119, 261-263,
266

— and seil, 136, 261-263, 266

Oats, 16, 17
(Cgsophagus (canccr of), 130
strogens, 31, 61-6

QOkayama, 143’

Okechobee (Lake), 32

Onions, 192, 193, 226

Opsonin, 93, 104

Organie, earbon in the soil, 226, 228

— matter of the soil, 15, 51, 66, 67,
192,193,224-226,228,234,241,250

— matter of the plant, 5-9, 10-13, 14-
20, 22, 23

Original sin (agronomic), 72-76, 84

Osteormalacia, 32

Ouse, 224

Ovary, 27, 69

Oxalic acid, 20

Oxidase, 122, 123

(see also Cytochrome oxidase)
Oxyh&moglobin, 143

Palieozoic, 224
Pancreas, 85, 86, 130
(see also Glueagon, Insulin, Langer-
hans)



Index of Subjects

Parg-aminobenzoic acid (Vidamin H’),

76
Para-amminosalieylic acid, 154
Para-dimmethylamino azobenzene (see
Buiter yellow)
Parathyroid (glands), 33, 49
Parls, 109, 151, 153, 154, 159, 205, 208,
245, 253
Pastegr {lnstitute) 23, 1109 158,154
Pastewr memalityi
Peas, 18,
Peat (soil), 226, 228, 232, 233, 248
Penls (eaficer of th e),
Pennsylvaiia, 108, 239
Pentdyopent, 143
Pereheron, 1
Perlistaltiec eoniractions, 79
Permo-carboniferous, 237
Phagoeytes, phagocytoiissi 93,
Phllosophy, of biol@yml science, 3
— of gras, 2
Phosphatase, 33
Phesphate. 15-18, 32-34, 39, 40, 100,

Phesphatides, phespholipids, 181

Phesphetie aeld (see Phesphate)

Phosphetus (see Phosphate)

Phosphorylation (oxidative), 181

Pituitary gland, secretion of A.C.T.H.,,
109, 132, 133, 151

— felatiaﬂshfp with adrenal glands,
109, 150, 152

— influenee of altinadle, 174

— eebalt content, 98

— eopper eontent, 98

— and goitre, 202

— manganese eontent, 98

— seer-etimr\1 of somatotmpi‘e hortmone,

]
— geeretion of thysetiopin, 108, 109
—_ nelatienship with thyreid glands,
108, 109, 204
— and vivamin &, 205
Plague, baeillus of, 155
Pleughren (ulllputnam of the soil), 227
Preumomnta, 121, 123
Pollution (of water), 245
Poland, 1
P@lyedﬂe vitus, 138, 139
Polyretisation, 138
P@ly&aeehaﬂd&& 103, 104
Poiphyhuria, 166
Peiphytimns, 112 116, 165, 166, 168
Potash (potassium), anta@niem to
caleium, 43-30
—iim relation t cameer, 54, 56, 242,

243,
— im celf, 238, 239

102,

2%

Potash (jpotassiam), influence of fionm
on plant compasition, 15, 16, 18, 19

— apportionment of dressings to grass,
50, 51

— in flour, 52} 53

— in grass, 47-50

— luxury corsomgption by plants, 47, 51

— antagonism to magnesium, 47-53, 54,
242, 243, 249

— in liquid manure, 51

— in mineral equilibria, 35, 47-53

= in muscular metabolism, 54

— action on the myocardium, 54

—in suggoﬂ of nitragejious fertiliser,
39

— antagonism to sedium, 54

— and spinach, 20

— and grass tetany, 47-52

— effect on thiamine, 18, 19

Pouliry, 95, 96

Pregnancy, 120, 132

Pre-keratin, 29

Properdine (system), content of the
blood, 55, 56, 106, 135, 170

— réle in defence agaimst cancer, 55,
56, 135, 136, 170

— parallelism with capper, 13S, 136

— its euglobulin, 106

— necessity in the presence of mag-
nesium, 55, 56, 105, 10

— rdlein ﬂon-specaﬁc:mmumty. 104~-106

— variations in different patttelogical
states, 135, 136

— and Km, 170

Prostate, 89-91, 121, 130

Prosthetic (group), 111, 112, 154, 165

Protective medicine (see Medicine,

protective]
Provitamin A (see Carotene)
Pteroyl glutamic acid (see Folic acid)
Pullerosis, 95
Pulp, milk from, 76
Pumjab, 17
Pyrone, 63
Pymole, 112, 165

Quality, biologieal, 191-194
— of agricultural produets, 20
Quinone, 182

Radioactivity, 167, 172

ol ', in lambs 75, 76

Readinm, 156

Rectumn, 130

Rengueta, 73

Resistance (see [ iitngy)

Respiratiom, of the: cameer celll, 167,
168, 175-177, 178-182, 199

— influence of copper deficiency, 178-182
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Respiration, coupled with eneray, 167,
175, 176, 196, 208, 200

Respiratory tract (cancer of), 39

Rhine, 214, 247

Riboflavin, 157, 169, 184, 185, 220

Rice, 19, 179, 180

Rickets, 29, 3234

Riegsee, 14, 209, 211, 212, 258

Rockefeller (Institute), 96, 107, 150

Rome, 213

Rumen, 79

Rye-grass, 9, 45, 66

Salmenella, 92, 96

Sandy (soils), and caneer frequency,
232, 233, 283, 243, 248

= deficient in copper, 141

— and frequency of ffaot and mouth
disease, 140, 141

Saccharase (see Invertase)

Saccharose, 227

Sarcoma (see Cancer and name of
organ)

Saxony, 207

Secarlet fever, 121

Schleswig-Holstein, 153

Sehwann (sheath of), 73

Sciences, philosophy of the biologieal, 3

Scour (white), 95

Scurvy, 192

Selection of plants (with no regard for
the anirmal), 77

Senegal, 2

Serum, of the blood (see Blood)

Shepherds, 82

Silage, 76, 118

Silica, 140, 141

Silkworm, 138, 139

Sin, agronomic original, 72-76, 84

Sinusitis, 123

Slag, 10, 16

Sloan-Kettering ([nstitute), 55

Smooth-stalked meadew grass, 66

Sockering, 209

Sedium, 54, 106

Soil, limits of aralysis, 26, 27, 229, 230,
249

— influence on animals, 1, 2, 21, 24, 32—
34,71, 75

— and atemie war, 172

— in relation to the mineral equili-
brium of the blood, 47-53, 58

— influenee on bones, 32-34

— in relation to eancer, 136, 187, 200,
218, 219, 223-230, 231-234, 23%
240, 241-244, 256-258, 261-263,
266

— in relation to catafase, 19, 20, 112,
159, 160

Index of Suidjeets

Soil, copper content, 27, 32-34, 74, 78,
187, 224, 226, 227

— enzymes content, 227

— influence on quality of fradstuffs,
192-194, 261-263

— in relation to faet-and-mouth disease,
140-141

— in relation to goitre, 2, 257, 259

— influence on human vigeur, 1, 2, 21—

— in relation to immunity, 95-97, 136,
141, 162

— invertase content, 227, 228

— magnesium content, 248, 249

— neglected by Medical Facufties, 1,
261

— molybdenum content, 43

— rote in protective medicine,
266

— in relation to stress, 109, 110

— and teart diartfinea, 43, 45

— influence on the thyreid, 109, 110,
152, 218, 219

— and tubberenlosis, 152

— relationship with virus, 137141

— zie content, 228

(For the different types of soil see

the corresponding name)

Solegne, 141

Somatotropin (see Hormone)

Somerset, 41, 122, 238

South Afriea, 57

Spain, 2

Sperm (fertility of), 70

Spinaech, 20

Spinal marrow, 73

Sputum, 154

Squaraous cells, 238

Staphylecoccus, 123, 156

Sterility, due to copper deficieney, 13,
31

136,

— in animals grazing leys, 45

— due to manganese deficiency, 31,
68-71

— caused by liquid manure, 66-67

— caused by molybdenum, 45

— caused by (estrogens, 61-67

Steroids, 62, 108, 109

Stilbeestrol, 61

Stomach (see Gastric cancer)

Steasbourg, 206, 212

Streptacoceus, 142-144, 155, 157

Streptomnyces, 101

Streptoryein, 154

Stress, 109, 110

Stuttgart, 140

Sugar, 85-87

Sugar eane, 139

Suicide (biological), 264, 265



fndex of Subjects

Sulphates, in copper-molybdenum an-
tagonism, 34, 127

— influence on plant thio-amimro acids,
i1, 12

— influence on thiamire in grain, 18, 19

Sulphuf-eentaining amino acids, 6, 10-
13

Sulphydryls, in bleed serum, 181
— rdte in cancer, 181, 182, 200
— influence of copper deficiency, 29,
30, 181, 182, 200
— rdle in kératinisation of wool, 29, 30
= rOle in cell respiration, 181
Sunflower, 19, 20
Superphosphate, 61, 64
(see also Phosphates)
Swayback, 73
Sweden, 122, 180
Swingbaek, 73
Switzerland, 140, 204, 205, 256

‘Tars, carcinogenic, 167, 176, 185
Tasmania, 82, 83

Teart (diartheea), 41-46, 122, 238
Teeth, 204

'[Em-mee 261

Testiicles (cancer of the), 121

Tetany (grass), in milk calves, 59, 60

-— parallelism  with conwlsmns in
humans, 53

— the information it provides, 54

— frequent on leys, 49, 51

— relationship with magnesium de-
ficiency, 49-52

— as a function of mineral element
ratio, 47-50

— relationship with cxcess petassium,
47-52

Tﬂneory, living of mineral element utili-
sation, 5

Thiamine (Vitamin B,), content of
faur, 184

— content of grain, 16-19

— content of milk, 19

— importance in metabolism, 16

— in relation to soil mineral elements,
16-19

— content of rice, 19, 179, 180

Thiecyanate, 79

Tﬂnnmihm:ym 57

Thiemmbesis, 5

T‘ﬂumostimulin, 108, 109, 204, 205

Thyroid, in relation te the adrenal
glands, 109, 202

— in relation to caneer, 215-219, 221

— influence of certain white elovers,
77-80

— relationship with complement, 94

— and cortisone, 109

Kl |

Thyrotid, its fallicte, 83, 204, 252

— relationship with hypethalamus, 202

— and fedine, 80, 82, 83, 202, 203, 207,
216, 251, 252

— in relation to the liver, 202

— influence of marrow stem kale, 81-84

— influence of milk, 81-84

— relationship with the pituitary, 108,
109, 204

— ef;%%t of removal on cancer, 221-

— and the soil, 109, 110, 152, 218, 219

— effect of thiocyanates, 79

— production of thyroxime, 108, 203,
217, 218,253

— relationship with tubereulosis, 152, 161

— effect of vitamin A deficieney, 202-
206

— difference in weight, 81

(see also Goitre)

Thyroidectory, 221

Thyroiditis, 217

Thytotcopin (see Hormone)

Thyrexine, 108, 203, 217, 218, 253

Tobacco, carcinogenie effect, 185

— mosaic of leaves, 138, 139

Tacophero! (vitamin E), 208

Takyo, 165

Tomatoes, 14-15

Tongue (cancer of the), 130

Teulouse, 205

Texicity, 188-190, 230

Texins, 93, 111, 124, 164

Texehormeone, 164, 165

Trias, 237

Trace elements, 7, 8, 21, 22, 26, 34, 39,
42, 59, 61, 98, 111, 162, 208

Tryptophan, essential, 6

— forovula, 6

— relationship with indole-acetic acid, 6

— ct:zr;tent of different plants, 6-9, 22—

— in relation to disease resistanee, 96
lin, tuberculin testing, 145-

149, 162

Tukereulosis bacillus (see Tulhetculiagis)

Tuberculosis, role of catalase, 19, 20,
112, 159, 160

— tble of eemsane 108, 150, 151

— and blood serum eopper, 123

— inﬂuzence of endocrine system, 150-
15

— in relation to envirenment, 146148

— general aspects, 145-149

— governed by seil, 152, 161

— and thyroid, 152

— and tubereulin, 145-149, 162
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Tuberculosis, virelence of the bacilltss,
149, 153, 154, 159

— detection by Xvays, 149

Turmever (or iron), 126

Typheid, 92, 121

Typhus, 96

Tytesine, 203, 253

Ukraine, 1

Ulecerations, oral, 142-144,

Unecoupling, 176

United States (see America)

Urine, porphyrin content, 165, 166

— sugar content, 85

— toxohormame content, 164

— contains urochronie, 252, 253

— rine content, 87

Urocéhrome, reaction with copper, 201,
53

— causes geitre, 216, 252, 253

— in milk, 255

— in water, 201, 211, 252, 253

Vaccine, 92, 104, 137, 141, 154

Value, biological (see Biologieal)

Vanderbilt {(University), 261

Vascular diseases, 57

Vedas, 253

Vegetables, 14, 15, 191

Veterinarian, 52, 118, 147

Vienna, 164, 243, 259

Virginia, 186

Virulence of bacteria, 149, 153, 154,
155-157, 159

Virus, and cancer, 129, 175-177

— relationship with catalase, 137-141,

175177

-~ enzymatic activity, 175-176

— in relation to kydiregen peroxide, 138,
139, 158, 176, 177

— mosaic, 138, 139

— and nueleo-protein, 137, 138, 158,
176, 177

— polyedrie, 138, 139

— relationship with soil, 137141

Vitamins (in general), 14~19, 184, 185,
191, 204

Vitamin A, weapon of defence against
baeteria, 95

— content of the blood, 14, 15

— in butter, 209, 211

— and caneer, 243

— and epithelium, 204, 205

— in relation to goitre, 202-206, 209,
210, 211-213, 216

— and hemeralopia, 205, 206, 208

— and the pituitary, 205

— and thyroxine, 202-206

155

Fndex of Subjeets

Vitamin B, (see Folie acid)

Vitamin Bj (see Tihiarhime)

Vitamin Bg (lee Rlboﬂavm)

Vitamin Bjg2, 100

Vitamin C, 191, 192

Vitamin E (see Tocophetal)

Vitamin H' (see Para-aminobenzofc acid)

Wageningen, 35, 242

Wales, cancer in, 187, 223-230, 232,
233, 234

Water, in relation to cancer, 230, 243,
244, 245-250

—at;céscapper metabolism, 249, 251-

— not sufficiently considered in ex-
periments, 118, 262, 263

— and goitre, 251-255

— magnesium content, 247-249

— and the Nauajos, 262, 263

— nitrate content, 250-252

— purified river water, 55, 245-250

— and urechrome, 201, 211, 252, 253

Weihenstephan, 227

Wessobriinn, 209

Weybridge, 31, 59, 60, 81, 83

Wheat, protection afforded against
carcinogenic effects, 183, 220

— content of thiamine, 17, 19

— prgoetection afforded against typius,

(see also Flour)
Winnipeg, 90
Wiseonsin, 68-70, 98, 100, 178
Wool, 29, 30
Wiirtemberg, 140, 208

X-rays, and cancer, 169-171, 197

— and eatalase, 167-169, 197

— and properdire, 170

— in the detection of tuberculosis, 149

Yeast, 104, 220
Yorkshire, 1, 224

Zinc, antagonism to calcium, 91, 237
— in relation to cancer, 90, 91, 228

— antagonism to copper, 91, 201, 228
— relationship with diabetes, 85-88
—in fliour, 53

— combination with insulin, 86, 87

— in relation to the prestate, 90, 91

— content of the soil, 228

-— necessary for subterranean elover,

— content of urine, 87
Zirich, 155
Zymosan, 104
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